MMM 7 7Y K5 — 48 1987 Vol.31 No.2 BEEINE
Shinko-Pfaudler Engineering Reports

B R
CONTENTS

o TBECIBIBIAZCHE -+ overerererer et eree ettt et st st ser e sttt e et s s e seasresea s enaaenans ]

Electroosmotic Dehydrator

o M NF VBT HIEE oo ver e tirseseenae Cteeenenausecestetttttettetettesttssitestienstarsretee .7
ROBATEL Centrifugal Extractor

0o 5 AX A — JEEHMEE [HHRIRA VY F P | ccevrerrriiiiiiiiriiiiii e 13
Glass Damage Monitoring Equipment “New Type Megsonde P”

o FE AR SREEE R & JER R e

Pressure Vessel’s Code and Non-destructive Inspection

o B4R, 2 EHIUERL v vvsven st ee s ene s et s s s RRRNY v

Two-Step Anaerobic Wastewater Treatment Process

°’§I$JV¥~%I7V—:‘/3‘/§§FHE%SPfj:\y}*J ........ testcencerensorareserene tetessasesene 34
Energy-Saving Aeration System [ “Disk Header Type SP-Jet” |

o R OMKIC & B YGKUAKICEE & FI e A A T RAZRALTRIEE e vvovvevereeesosvsnsnneninnnnn, e .38
Boiler Feed Water Treatment Plant with RO Type Desalination Plant

o TEEFHES ML coveeerennenns Cesereeienaene B LR T T PP T P P PP PP P PR Lo}
Cooling Tower for Industrial Use ’
0 FEP D o Rvereemeernrenniaeenninnne eeerriraneiaae N 10
TOPICS
<EEBTHHBA>

AHPIBIFEROLE, REAETKCHZ7 —
7 e ZRBHEBOICWIAZ NIz b DTCH B, 7
—~ZeNVAXBT ~7 27 ~X, HHEELEBZR 57 )V,
BHFVvEBSKTY ¥ F) ~F~ L THERENT
Y, AR 9340 BH T ORI C DRI
Shi-RIB 2R IBHOA V7Y V= P EVT
NRTDZEFBBELIKGHCHNDNTIND,

TR B A HIEI B U W R EE R SR o
TRADKRHENERET DL 5ERINZDOA
26T, XERERFOENIE, EESVS0R
BRe, IOKBEOMBEENIESLS,

The picture shows Shinko-Pfaudler cooling
towers delivered to Japan's one of the latest
‘“‘intelligent” building, ARK HILLS amidst me-
tropolitan Tokyo.

Total cooling capacity of 9340 RT manages
water cooling necessary for air conditioning of
ARK TOWERS, ANA Hotel Tokyo, Asahi TV
and Suntory Hall which form ARK HILLS.

Not only for water cooling capability in the
limited installation space, but particular design
attention was also paid for high structural stren-
gth against heavy earthquake and environmental
protection such as noise reduction and visible
plume abatement during winter time operation for
the cells required operation throughout the year.
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Electroosmotic Dehydrator
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This paper describes our newly developed “Electroosmotic Dehydrator” which is applied to the
dewatering of organic compressible sludge such as excess activated sludge, digested sludge

and the like.

It also introduces a model of dehydrating mechanism. of this Dehydrator. The filtered cake
has a moisture content of 559, or less which is unable to be attained by conventional me-

chanical methods.
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Fig. 3 Electroosmotic mechanism of sludge dewatering
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Fig. 4 Schematic diagram of experimental apparatus
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Table 1 Nature of sludge
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Fig. 6 Determination of transition point between filtration and
consolidation period
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ROBATEL Centrifugal Extractor

BRRBAR A
o ® = =
Keiji Kawabuchi

Shinko-Pfaudler Company has started selling ROBATEL centrifugal extractor as the sole

agent in Japan of ROBATEL SLPI, France.

ROBATEL centrifugal extractor is a new type centrifugal liquid-liquid extractor.

A large

number of stages with mixing and settling chambers are assembled vertically in one rotor,
and highly efficient extraction is achieved by centrifugal force.
This paper introduces the outline of the equipment.
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Fig. 1 Schematic diagram of extraction
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Fig. 2 Type of liquid-liquid extractor
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3.1. 4 EEEdE
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Table 1 Standard specifications and dimensions of LX type

4 BoEBE O ER L E 4 RicRT, BEhdie—2E
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4B, FlE LT, RoLH5h7a—~ (D
B) 2ARETH Do
Twm~A 4 BORGEEY FOBRE OHEAR
Ju~BEIRYBHEMADLLT, 2BOMHKE
LCofEmE E2Bx AL TE, 3B
E7B)
P2 ODEITA D BERME 1 DKM D

BEE 1 TEALXAA7
Photo.1 Industrial LX type

Tyre oo coity| paed | pover | owme | Weisht| DR Croems e
| mm rpm W ¢/h kg mm phase | phase
LX 122 2 l 120 | 0.15 2900%* | 0.75 25 180 | 720X 720X 970 O O
LX 123 3 | 120 | 0.225 2900%* | 0.75 25 185 | 720%x720x1025; O O
LX 120 LX 124 4 120 | 0.300 2900%* | 0.75 25 190 | 720x720x1080| O O
LX 126 6 120 | 0.38 2900%* | 0.75 25 200 | 720x720x1140] O O
LX 202 \ 2 200 | 1 '2000/1450*% 1.5 250/125 220 | 720x720x1060] O O
LX 200 | LX 203 1 200 1.4 |2900/1450%% 1.5 250/125 230 | 720x720x1120f O O
L X 204 ’ 4 200 1.8 [2900/1450** 1.5 250/125 240 | 720x720x1180| O O
LX 323 3 320 | 11 3200 5.5 1800 280 — —
LX 32 | LX 324 4 320 | 10.2 3200 5.5 1500 290 — —
LX 325 5 320 9.3 3200 5.5 1300 300 —
, 1050 X 590 X 760
' LX 363 3 360 | 14.6 3000 7.5 2100 300 O -
LX 360 | LX 364 4 360 | 13.6 3000 7.5 1800 310 O —
LX 365 5 360 | 12.6 3000 7.5 1500 320 O -
LX 524 4 517 57 2000 | 185 6000 1020 — —
LX 525 5 517 54 2000 18.5 5000 1040 — —
LX 520
LX 526 6 517 52 2000 18.5 4500 1060 — —
LX 527 7 517 49 2000 18.5 3500 1080 |1550X840%x 1100, -— —
LX 574 4 570 74 2000 18.5 8000 1100 O —
LX 570 | LX 575 5 570 70 2000 18.5 7000 1130 O -
LX 576 6 570 67 2000 18.5 6000 1160 O —

* the figures of max.
ratio around 1.
** with 50 Hz current feeding the directly flanged motor.

flowrate (total of both phases) correspond to the praduets whose density ratio is about 1.25 and flowrate
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Fig. 7 Laboratory mixer-settler R LIHEESC (RETREEE A 272 V94 7 VD B S
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Dam
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Turbine
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EH 3 &EHBXPEAT
Photo.3 BXP type with metallic bowls

F8E FERAINY~t T —HEER

Fig. 8 Structure of laboratory mixer-settler

2 2 X BXPRATOEMEMLR . <THEE
Table 2 Standard specifications and dimensions of BXP type

BXP with metallic bowls i BXP made of PVDF
[ — -
T BXP | BXP l BXP | BXP | BXP| BXP | BXP | BXP ' BXP
ype 320 | 360 | 520 | 800 | 130 | 210 | 360 | 460 | 620
Bowl ¢ mm | 320 | 360 | 520 | 800 | 135| 210 360 | 460 | 620
Bow! capacity ¢ 17| 29| 110] 220| 1.3| 56| 31| 80| 175
Rotor speed/50 Hz 15 900 12000 1450 {1000 |1450 {1450 | 970 | 730 | 580 : -
D el It 5 H 4 PVDF#BXPZEAT
Motor power kW | 55| 7.5 11 15| 0.4 0.75| 1.5| 2.2} 3.7 Photo.4 BXP type made of PVDF
Nominal fIGWﬂifjg 6| 10| 25(50-80 0.6 3| 12| 25| 60 c & i
| a| 610] 680 {1000 |1500| 300 | 700| 900 1100 11500 ] iy
' B| 700 700 | 900 |1500 } . i 2| u
Dimensions mm | C | 800 | 800 {1000 1600 | H :
| H 11500 {1700 | 2400 2600 | 930 11250 1700 |2000 |2900 == "L[fﬂr
' h| s00| 600| 920 1250 | | | ! i Pl ;
—A A

* Total output of both phases, for phase density ratio 1.3 and flowrate ratio 1.
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EEHES5
Photo.5
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Laboratory mixer-settler
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ig. 9 Mechanism of interphase adjustment

P83 R IV —u T —OEHEMR . THER
able 3 Standard specifications and dimensions of laboratory mixer-settler

Size 1 Size 2 Size 3 Size 4

Type Standard ‘ rIeIt):tyecrlri‘g]g i Universal | Standard i rgé;i‘i?z]g iUniversal Standard | Standard

Number of stages of basic module 4 4 4 4 4 4 1 1
_ength mm 200-240 200-240 200-240 492 492 492 490-690 950
Nidth mm 305 385 470 494 494 675 110 192
Jeight with standard motor mm 203-215 203-215 203-215 260 260 260 340 340
Viixer volume 1| 0.035-0.050{ 0.035-0. 050 0.035-0. 030, 0.2 0.2 0.2 0. 62-0. 86 2.3
Settler volume 1| 0.143-0. 257! 0.143-0. 257| 0. 143-0.257| 1.3-1.7 1.3 1.7 3-5 11
Settler area cm? 49-71 49-71 49-71 215-285 215 215 270-450 1000
Jverall flowrate 1/h 2-6 2-6 2-6 10-20 10-20 10-20 15-40 40-80
WNeight (polyethylene) kg | 13.5-14.6 | 14.4-16.0 15.5-17.5 25-27 26 30 7.8-9.4 17
, SRy 7o ERIC LD ERER REREL AIETH  © El o3
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Glass Damage Monitoring Equipment “New Type Megsonde P”

BB HREAFRESR
B = IE

Tadashi Enomoto

Periodical visual inspections or spark tests with pinhole tester have been carried out to check

the glass damage of glassteel apparatus.
glass damages at an early stage.

To prevent serious accidents, it’s desired to defect
New type “Megsonde P” is the equipment which can

continuously monitor glass damages and it’s function is not affected by the characteristic

change of contents.
external voltage source.
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Photo.1 MepSsonde P transducer (Type. PS-8701)

The measuring principle is based on current measurement using an
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2. XJUFPOBE
2.1 B

B3R AV Y FPOBRNERT. AV Y7 PIXS T
A7~ VEIERER, ReREFE (KLY 7) ROEHkes
L hEBRINTWD,

2.1.1 79 x5 — VElERE

BRIIAL L7 FRADEBEMI VD, Ny 7 NVEDYT
FRATA=Y FRECEAEFN TN D, ZOHLEFITL
AET2 @b Y, 77 ABEFCEDOAFTNAEERC L DS
FHREENINT WS,

BEESOBAEE (BE2) CHbNB LK, BE&E
77 RFEWENA D RSB R EE L £ 5T
Z)O
2.1.2 R2RFEFSE

Ay 27 0k, ¥~ BB RLEERYRE
THZELLY, KERLPEEEG3 nG 5, HER) &
BRLT\W5S, ZeRFRE, REEKME L ZEEKAE
NEN1IErBEIN TN,

2.1.3 & (P S-870D

FHET LIRORLEFER L ARCIEEREFCREX
N5, Ric, FHREBOLBEEL DWW TR %,

1) F9RF2A—VEE=R—

THEBEIIL S 720X A ~YEGF. (MEEKRER/&
HEEKER) NRYFRENEE=Z BT NE, X5
T, ZOFA—YEOHNBHIHTF (4~20 mA) RFT 5
NTRY, EEE (EXEERS) CERTE 5, SBE
{LORREXTEHF L L BT LIRLY, LYIERELRL A~
PHENARETH D, RBEFIETHZ ENTE D,

7o 2nELSTHNE, GFIX0~20 % ¥ RL, 7
FADE A~ DEFTE LT, G F. ik 8Bint 5.

T 7y F 7~
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Table 1 Specific conductivity of liquids

Concentration Specific

A Temp. L
Liquids o conductivity
C %
U/cm
15 5 0.4
HC 15 20 0.77
18 5 0.21
HzS04 18 99 8.5%1073
18 5 0. 26
HNOs 15 62 0.50
15 10 5.6X1072
HaPOs 15 87 7.1X10°2
-2
CaCly 18 5 6.4X10
18 35 0. 14
18 5 6.9%10"2
KCl
18 21 0.28
15 5 5.6x1072
K2CO .
e 15 30 0.22
KOH 15 4.2 0.15
15 42 0.42
NaOH 15 2.5 0.11
15 20 0.34
15 5 0.19
HB
r 15 15 . 0.50
18 5 6.7x10°2
N
aCl 18 25 0.18
Beer 12 —_ 3. 7X1074
Sake 12 — 1.2x1073
2) B

T IRE A =V ERREECEL-RBET, 8527
BRUOERTF ~HEEIT 5. ERBREMEIEBRCBETE
BH5, BEEI0~50 %IHET Do
3) EBERWEFEhEA <~

WEA, HREROZELEBR (BIECHR) s
ThHid, BHREBENE A~ —BHBEINT W5, BN
A LR 2 vic X D BIRT 5%, B LREL i,
BEWRES ST IE BRI ET T 5,

Bz, BEARRS00 0BE, BRI 4 6043
FBTIUE, FLEREFIET A ENTE D, £ A~V
= R I BREEENZ M < — ORFE L ITEBRICES
BRTDHZ LW FTHin,

2.2 XV UFPOLEF

PiigiEaEoBEE FAELReREE

BhIR S i3n G5
AE L&Y
BHERK : max. 12 V, max. 24 mA
FHEMEK ¢ 4 7
E b/} :  AC 100/200 V, 50/60 Hz
HEED 15 W
REHT 4~20 mA (BFRHEHMT50 Q LT
AERE 0~40 °C
AT~k w105 x ¥200 x 320
= = #33 kg

HNES R EEE 1073 g/em Bl E

2.3 BE - :

FEBORKEY, YHHH 2 Y 7P (Type I C-41P)
& UCEBAT B,

(1) BEECCERTS, BOMEEEOELB LU
FRADEEROECHBEEINT, BELES TR
DERNTED, RERIIBEINBELEN D -72)

2) 77 RDE A~ IERYRRINT S, FEF
BEHNRES ThHBo @ERITFERMIL)

B 7r7zrOF A~ Eh SRS T EHTNEg T°X
Bo (PESRITFEMEERL)

(4) BHRENFA <~ OREREMIEGEL 2 v (max.
60 min) WIRA, BEHEROLRLUEH S BFIELE L i
720

2.4 FHREOFIR
D AREIEERE :

ARBHEN L CERETD LW BREEEE, ARKILTE
REBBR THLD I LN JE LB WO HiEEEN 10-3
o/cm B ETHIVEFEHARET S 5o

BN RREWLBEAEO MEEELRT. ERERCD
WTIXEDIZE A ENRERTIRETH D, FRBKIZOWT
Lo D REEFE DO S DRERTE %,

2) KO RAT

EETEOSAROBMHIETE o\, ST, EEI
% Tl S TREL 555015 %0
3) Ry 2PN OB O RRE

7T AEMBHE LT, 22BN DEBAYFERLT
WAHEE, ITNENLTEETDHIOTRHEHIZZ Y 2vE
RS HBENRD D,

AERIX, X v 2 ARBHORECES /LA a5
EEWTHELNTE, Xy AVEBEHESRC L ERTE
P
4) EBEEPH AV 7 OFERRE

NN TENLUTCEET D0, SEEHH v i EH
TERV. MHEED 7 5 5 Va2 SVTE Fs25 4=
VTRV T HFEHT B,

5) HEEWOEABAG S HIEE

BAWENUTHBET D2, /7 ANVADOBRMMREESR
VErEBGW, FREOEEET D
6) HfE7w e RTIXEATE V.

BIBCHYET S X O, WIRAR L OHH A ERT 5
7’8 AR FERTE R
3 RRUEHICOWT

BHRTPOBREBRE I TR T4 = IV B EBROBE
DEEEBRHTHEND, Ky x7roflEEREE, 75
AZ ;=IO FRELS T, G F. EnENT5 2 &b
Ho INERUEBRLFTHZELEL, TRECFDOH %R
o
3.1 BERABIUHHR

T 7AF~NVEBBRTH S Th, 2O/ AVEBCILE
BHEEERLTWAEBENS N, 8%, EEvr#— Mk
77 25~ VEBER O STRIEENICEE I N TV B,

L7c?>T, MRARUEEHERZIX, S4-ERTLH
Z, ¥ BB SBEE - RSO HCEE +5
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L —J L) -
~=] 1 Liquid in -
n F4H
{ B g WA « WHFF OB HIE
9, PR (R
1 Fig. 4

Measuring circuit
’ current at inlet &
outlet (Spurious
alarm)

Current

sy e s s
loli.
st
109

1012

100

Electrical specific volume resistance (Q+em)

101

10° . 2
22 24 26 28 30 32 34

Temp. 1000/T (1/°K)

BSE 77 AOREEREN

Fig.5 Electrical specific volume resistame of
glass

B HE 3 SIRFA-IDO—H
Photo.3 Example of glass damage

v v T g 400
A 1
| =
\ Glass damage size ¢5
S N
> 200 / 4300
L
= ~,
& \
o
~ Glass damage size ¢l N
7 (Pinehole) \"---....___A.___ -
& - .
« 100 - -1200
\-0-\.¥|
o—— e o
iri-x Glass
€ , ip2-x damage
* 4 Cross section A=156 cw Ac ]
o & " 6 cm +
P
1020 e
0 500 ‘ ' —To00
Diestance of electrode (mm)
BE6B ipe-x/iri-n EMEEE S KBETHEOZE
Mg. 6 ips—n/ip,_n effect of electrodes distance & channel area

e B DR, SRS A~V EE= X - DERE
R—EFIIE A E {7 Do R-BEHIBEENSVWBETIX, 77
RE A~ ENRBRREMEE B DEAND D, TOHR
TR UTIL, BHEEBN A A Y — 2 RETHIELLY,
Ef 7 v 7RO 7Y —~OEEHEIETHZ &N TE %,
i, ZOBRREES 9 FEBECBEEIND D, F5kD
Vo RE A~ SRR OXBIXAE TS %o

L2 B A NEDORBNE
HHOSOWBITSH S / X/VH AT » F XD OBEIIT
LD, £~V =% -0 fBRENBNT S BE215H
5o

MWt IR S D AL, FOMEE TSI R54=
YIENTERD, FR7 9 LY DEOBLEETIIARE
Bea4 5B/ W, fFEELE, TP Ry 27
o FOBEROIUETH b

FEEIL T 7 RE 2~ IRUADRLUEFTTH B2, i
Bz g, /AVFRT oy FX b oBERBRECLFIAT
XBHIEITIeD,

. 52X A—CRHTTRESE

AEBK X 2RISR, $hbb, 7 7RAX A -V

FELE DAl 7z B BB TR AT REN A BRI L Tk < L EE
M b,

ERAyZIX, 77 R0EBERAKEW (E5HEER)
¥, 77 20OERBHEEE CIIRBERERIZ/S XL,
77 RE A~ IHRREOEIINE W, IBIT T XE R
~IHBETTAHC LT, HBREMEIL, £A—
BEHEBC E TETIE, BREXSET S,

HRREOCENDEIGIR, /7 RAE A —~INRENEE, *
HHEBEAARZWEERE N,

4.1 T3 RZA=DKREZ

BREBBER IR 2 -—YDOKEX, ThbbEHNERE
OBEHEEOKX X ICHFT 5,

BE3IX FIALA~YO—FTHDH, Z0$l.0 mm
BEOLYR—VENLTSL YT RAE 2~ JEIFI0 %iF
WERIERT D (B6RER).

4.2 5 AKX A—CWMETOER

AVYFPHBZBETD I T RAF — VEESEED Y 4 XU,
INEE L0 225, Kk 10 mB whic b Li-A-T,
BRHABESERND 7 7 XX 2 ~ VEFE COEM S B cm
~% m OHFEEL %D,

6

W7 7 v ¥Fo —EHR
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BOEIE, 792K 2~ VEETOEEOFECONT
DREBWERTH B, AELEBE 77 AKX 2 — VEOMOW
WHEBRO® 7 7RAEA—TDREZE RT AR &5
7ro VEWFEIREOMEIRIC/NE W (6 cm?2) B4 ik, FEEED
BT LihiaoT, 728 2~YE(GF) sk
BH, BWEE L HBERE DL, EEHOPEIZ
LALERTE D,

LMD, BEEMRE 7T AKX 2 — EOBCE
RAHWEWRERIL X 5HIC K&\, FHEEO BN R T
&, SIEHEBRLEENAEOD DO IEHRDT T AL A~
VEBMNTE B, i, V72X A~ VHEHBENRRKZNZE
FIREA~VERKELRDI LRbM b,

5. ERILZEAHER

AV 7 PERARCIE, ARBROLEEECK U CEE
EES BRI RN Do BT HCEAERER L ATEOL
FEEOCEREYTRT. ASEBRATEL 5B 0ERIL
BB OWTRICERET %,

51 2

ERBEEFO2HOBSERBEC/T L VEREEY
Eifnd 5 &, K4« 0BBERECERERDHREL, SNMEE
FELiEHOBEANFELET Do

IN HCL %flic e % &, BOCHENSERTC L BRI
&b, Bfkic Cl,, B&fic Hy #FE1, b0 ER
EEEED o FORE, ROLD LIVEBEE L ILHEORE
HOBMHATER I NS

(=) Pt, Cly|HCI|H,, Pt (+)
Lic T, SEEE LTid D2 EE EEEMURITHR
i, ERIEBENR V. T BEY HFEE & W\, LR
HCl DIf&#135 V, £SO BEY 7/vH# YT
BMLY Vb b, HMEBEDHEIXBEDOBEDCE NS 5
WIRBED LRI > ThThRRmS T %0

DIz AV v 7 P OEMERBEE, TMEHERE -
TEY, 2BRESOBEXRFILEL TN 5,

5.2 BSEEMSDHAHKES

5.1 fiilcRd & 5, EEFRE Tk BEROERIThbh
BHo —MREARBE LT VY U TIZ, BEERDESE
THHo

ERERONHEL Y » 57 —0®EAl L b,

9.65 x 104
m: FTHEE 48
i EHEEEBER (A)

t  BERE (sec)

E 10 BTH
% HARBER (KHE
o | EEOEE

Fig. 7

Compensation circuit
current (Effect of
specific conductivity)

107 107 102 107 10°

Specific conductivity (U/cw)

*7, SEoRkEELFELLY, 0°C latm, n =40
KEDOHRIL,
v=224n (¥
HraEe 10-1 g/cm o HCL 3% © 24 hr (=86 400sec)
AV FPRERLLESOKBOFRERR, RDOLED
Thbo
«Clp oFEE GG
Cly 1g 4Bk %e=Er
Vz@ﬁ__bt
2  9.65x104
_22.4 0.017 - 86400

2 0.65 x 104
<Hy &R (BE)
Hp 1g M8k % =

22,4 0.015- 86400 _
V=T To.esxi0s 0 @

HEIX, AEBETOXN ARERIBESRN E, EFRE
DUYBETHD, 7R NOPBEIENLDEEZ DN
Z)O
& g 63

AVYTFPRIA=v 77 2OWBBORELT, 75
YIHF R 5 PR Z v ZNVEIBEA D OWIENE SERE
TX5H5DT, "Rt X LOEFEERMBTHH7 7 A5 —VEll
BEORTIEHEHEANCHEIIDLDEERFL TN,

77 2F—VEIPDH v ¥~ [ 2V 7 pH|, BEMR
B AV STl 0AVYyFyY) —xn—E: LT, #
FBEUEENTh D, BEETIE, B AV VYFYY ~—
XDFEEEE DIz

(&EE)
1) ®RERED  FiRE e, (1967), B)IEE
2) &ERESNTS - EXA v X8, (1972), BaEE
3) M7 7Y FF— e« =2—2X:Vol. 17, No. 4 (1973) p.1

=0.170 (©
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Pressure Vessel’'s Code and Non-destructive Inspection
' TTHEFRE RERES

N oOBEOAM 5B
Toshio Kozono

(U EEEEE 28
¥ #F B %

Hiroyasu Aoi

In manufacturing welded metal products such as pressure vessel, etc., examinations/inspections
are carried out as a means for quality control and quality assurance, one of the essential
items of which will include “Non-destructive examination/non-destructive inspection”. The
judgement criteria for non-destructive inspection, used for evaluation of quality for the pur-
pose of quality control and quality assurance, will indicate the control limit for quality control.
As to the weld, for instance, the non-destructive inspection conducted at the time of manu-
facturing will not be intended to detect a failure for repair, but to evaluate the quality of
weld through the defects detected for control of welding execution so that the weld quality

can be controlled properly.

There is another non-destructive inspection which is conducted after starting the operation
for evaluation of life, however, the considerations will be made in this paper on the “Non-
destructive examination/non-destructive inspection” from the stand point of a pressure vessel

manufacturer.

Z h &

EHRBC A LT BZEEE S S b Bilog#f+s e
FREESNTRESFELT AT, ZHIEENE
NSRRI Z BRI S o TWBh D ThH Do {LETL
I ECHEBINBENRBOPIIE, Bk, TRES

D, ERNHCLRENCLREEDETL LV EERLD

WEEBMEORSOT A ERETDIOIDLD D, ZDL

IeiB i, WEYfElRME R R
ek, EE/BREIEmEINS
LTl Bo L LD I DEBER
RER CFERRELDOWTIERH
MicXB7» 7 2-RKEL, E
Rt L TR D,
—~OE FENBRE W Th EE
, FEEEBED 7z <\ B BT HEER,
BERI HIIXETFHRBCEDL X
FOREIZXLDTEHL, ¥—Y
&4 X 41 kg/cm2, 120 °C
WomBEDLD G HIVE, &L
131500 kg/cm?2, 500 °C DX
BE, BROEARMEELOLO
ERrfgIN TN %,
ENEMIERERCTIRIZ L
TERNLDTHY, EEOERE
i roRBHTEMOE R 7=
> Tbho Fiz, HEREIRKR
L, BERERELEL T2, A
BLE LW OMROEDOE LBF
N, TEFEZY Ny FabEE
, FOBELBETR 7 — 7 8E
Bnez vy tuexsrEEE
Y- WREREPBEAINSICE
TWwb, BEAAA T2 0T
, 77 Ay i apECORN
TERLEEHCED BN TE

PERENTETHDe INBDIENBEDFH VANV
FREEL, BLEEHIC LA ERIN AL HE XS
% 7= OEAF & U CIERERR - FEREBRE DR - T &E
DIEIEREAZ G DL > T& o

TR YMEDEIRBHEC BT AEEERR L 2o
51 % SECHTIENBBOEHRT

Table 1 Current regulations for pressure vessel in each country

National regulations Regulation Supervision
1es i i
T Nemes | Speef | DU | reponaible o] Spimiion
: execution g8
Germany | Dampfkessel | Boiler Technische T.U.V. Drawings
Bestimungen Uberwachungs need to be
(W.U.B) Vereine submitted to
AD Merk- | tofired (T.0.v) T.U.V. for
bldtter pressure vessel Technical approval prior
inspection to installation.
union
England Lloyd's rules | Boiler and Lioyd’s Lloyd's Drawings
unfired register of register of need to be
pressure vessell shipping shipping submitted for
approval prior
to installation.
British Boiler British None Drawings are
standard Welded Standard approved by
B.S.1, 113 pressure vessel| Institution purchaser of
B.S.1, 500 Welded boiler or pre-
B.S.1. 515 pressure vessel ssure vessel.
U.S.A. |A.S.M.E. | Boiler and American Inspection Drawings need
code (Standard | pressure vessel| machine iustitute in not to be
of American association state or city submltted.to
state or city,
Machine employing but reviewed
Association) standard by authorized
(*1) inspector.

"y 7y ¥I —HE#H

Vol. 31 No. 2 (1987/7)



THEINTWHIEWERE - IEREBRE I DWW CEICE

WHYRE T O HBE LT %,
1. ENEREEZRELZOERARS

FEHZER DR BERMEL £ DB & > THET R %o
Bt - THESRL L L ENEREBREYEREC L > TW D0

HF T AB ORBREE L T 5%,
ENEEERY R T4 5 L EHRRBCERX
NHEHEE LTE, R4 7 ROEDERLZLEH

HI, KAFERMBCE T DEMELE, RFHE

BRBCEET 2HINELE, SEF AR LR
WAWA®D B,

2 EINEBRCERINDIEESHEE
FEHRBEIEOFEABRBC W TET BN

B2 & FEICKT 2ROMERHEN,

EMOEIRELTHILNTEDNR, Z0hbbhiE,
BE, BERECDOWTELUWEENRED DN TS,
MOHEZRES  OETRASNTE D, bIEOE
TRBEERB S COFRIC X 5T Bo (QDH % A
Li-REN e H#kIL ASME ##ko Section III (Rules
for construction of nuclear vessels) & Section VIIL

ICHITDHERRT DEE)
Table 2 Strength calculation formula/allowable stress of shell, and efficiency
of welded joint in each country (in case internal pressure is spplied
under normal temperature)

TSI KUBBMFOE  (BiR

Calculation formula

Allowable stress (oa)

Countries Gede names used for calculation Tensil% Yield
IR D PR 5 L3I, 1 DA . . strengt point
?Tb—i_ﬁ BEERET % N % E of shell thickness standard standard
Wa&Elhnwd 5 —EORIMEEEL LT Lk
- Germny Werkstoff nud .
BEe Z DB EXENFRCONTORE Banvor-schriften| —~E2L 2/3
R D, BRI R R LD, HEOT ot 200 oar—P ,
fE, ReEBh OEBEXFELTH5b, 1 AD Morkbac
T AT 11 B DR R R ORI BRI A 7 - _PDi 23
3 (Pressure vessel) 200 a7
- ; - 2 N
b 0)%%%%%?;%@ s f’;ﬁﬁﬁﬁ%’ﬁﬁm England Lloyd’s standard I PDi .
jjbi% 2 %KZR?E D TZ‘D ‘9 s k@ 2 ié D @% (Boiler) 200 G—a;]‘_i_o'os n. 1/4
XFMH B ;
(1) BEEHCEBRAEHEL, BAEES Lloyd's standard | _PDi_ 4 o5 1/4
@ I?u;;ﬁ 0% ;’L‘\&i%fﬁ " @;/ ) A ;; é (Pressure vessel)| 200 cay ’
4 flol IS 3 -
N B.S. d i
% Bo ) ~ Bfi?g;w ﬁﬁ%ﬁ—? 174
@) EKENC X BRSO D, TG , _
RIS, BROTECREEZCL - T4 ‘15A~-A%%E- %&E¥%fﬁ » :
CARIEN, EBRIZE ~ 7EH% LIRH e on L(Boilen)| +0.1 D) A
L, ESBEsEE L UHAEREZED 5o : i
BARAMTEBE RAL, (RAZSH— Section-IIT oD
= o = - = (Pressure vessel) 200 san—13 P 1/4
BAEIR) HIEHWE LEEL, CHEF D say—1.
BEHETCRE 2 b0 COFEIRLD L -
%m?%fgﬁ@%% BHES Magnetic particle test; Dye penetrant test i %gﬁgggf‘%‘é;ﬁc
7l ) 4
= BT SE S ‘Adhesion of magnetic . . . Electromagnetic in-
i, RRHEHARO L Principle particle to defective f’enetratlon of hquxd! ducti(r)n and change
® lleak field | o gap i in leak current
Table 3 Ferromagnetic !
Comparison of magnetic ! metals O ' O O
P Intended | Metals .y - - - e
particle test/Dye pene- ] | on-magnetic % O O
materials 1 metals
trant test/Electromagne -
tic induction test Non-metal materials X O X
Surface Opening ) ©) ©
Intended | defects : T T
defects Non-opening © | X B ©
Under-surface defect O X @)
Defect Length O o O A
g;iect data Crack depth A A O
Discrimination of defect
type O O A

Notes: ©...... Increased detection sensitivity
Oneeeen Applicable
FANTIION Difficult at present
X venens Impossible

Vol. 31 No. 2 (1987/7)
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PE:

Test procedures

Radiographic test ’

Ultrasonic flaw test

HERRBRR L B - lgllt)irect r?diggral?hic mfe‘tlhocé) (Pulse reflection method)
= 3 1rierence 1n mSltY on 1ilm aue . .
BREBRD Ht Princiol to difference in radiation quantity Reflection of ultrasonic wave due
’é’:e 4 .y rincipie between sound part and defective | to defect
mparison of radiogra- part
phic test/Ultrasonic flaw Volume defect O O
test Intended O (Having depth to irradiation | © (Having vertical extension in
defects Plane defect direction) ultrasonic wave)
¢ deiec A (Having inclination to irradia- | O (Having inclination against
tion direction) ultrasonic wave)
A (Flaw test from multiple dire-
Type © ctions)
© (Volnme defect)
Defect Length | 5 (Plane defect) ©
. . | Dimensions /A (Method to change irradiation
information Height direction/Method by difference O
i111v1 density) i _
Position (Depth) A gir ;tt};gg)to change irradiation o

15 R ERBICHIT DIBFERICHY B IEIRREOBIE

able 5 OQutline of the nondestructive testing of welded joints in each standard

ivision of NDE

Structural standard of
pressure vessels

Inspection regulation on
specific equipment

JIS B8243

ASME sec. VIII, div. 1

(1) Welded joint for (1) Butt-welded joint for (1) Welded joint for vessel | (1) All butt-welds for shell
pressure vessel which poisening gas equipment to keep fatal dosage and end plate of vessel
L. requires air-tightness (2) Longitudinal /Circumfere| (2) Welded joint for carbon to keep fatal dosage.
Objective to keep harmful ntial joint for multilayer steel shell, end plate, | (2) Butt-welds for shell and
of 100 % substance shell etc. of which thickness end plate of vessel of
RT (2) Welded joint for carbon exceeds 38 mm which thickness exceeds
steel shell, end plate, 38 mm
etc, of which thickness
exceeds 38 mm
T
(20 %) (20°%) (20 %) (One pc. for every 15 m,
Welded joint similar to Butt welded joint to which | Same as specific equipment | 150 mm : min.)
o longitudinal /Circumferential| 100 % RT is not required, Same as specific
Objective | joint other than 100 % except for the following equipment
of partial | Rt (Excluding carbon steel | welds
RT welded joint of below (1) Joint designed not to
9 mm, designated by the be subjected to RT
director of the standard (2) Weld to be applied with
bureau) external pressure only
No regulation (1) Longitudinal/ (1) Joint which (1) Where satisfactory RT
Circumferential joint requires 100 % RT but result is not assured,
for carbon steel vessel of wfich 100 % RT is RT may be used in
of which thickness is hard to apply substitute for UT.
JT Objective more than 75 mm (2) Weld which is proved | (2) Welds of ferrite
of UT (2) Longitudinal/ to require RT, depen- executed by electro-slag
Circumferential joint for| ding upon material, welding, electro-beam
low alloy steel vessel inspection, structure, welding
of which thickness is use condition, etc.
i more than 50 mm
(1) Aluminum, aluminum (1) Weld or jig trace of (1) Welds of vessel with (1) Corner weld of flat
alloy and titanium materiali specified in its permissible tensile plate of which thickness
welds where RT is not JIS G3115, G3120, stress designed to yield exceeds 1/2” (Before
applicable (3126, G3127 and other point or value 0.5 times and after welding)
equivalent materials of 0.2 % resistance in | (2) All welds around open-
(2) Weld or jig trace of accordance with JIS ing, and of mounting
AT/ | Objectives high-tension steel, steel G3115, G3116 or equipment to be
! for low-temp. use or equivalent subjected to barometric
PT |of MT/PT low alloy steel (2) Accessories (Opening, pressure test
(3) Welds of vessel which reinforcing material) (Throat thickness of
requires 100 %RT, to fitting welds for over 1/4”)
which opening, pressure vesse! which (8) All welds of high
reinforcing, material, requires 100 % RT. tension steel, and after
pipe stand, etc. are removing tack welding
mounted
Remarks: RT...... Radiographic testing UT...... Ultrasonic testing
MT...... Magnetic particle testing PT...... Penetrant testing
) R 7 v ¥ —FH#EH Vol. 31 No. 2 (1987/7)



B 6 X ENICHTDINEREREDITE OB EBORNE

Table 6 Kinds/Qualification contents of domectic authorized NDT engineers

Special grade Grade-1

Grade-2 Grade-3

Special grade non-destructive
test engineer engineer
neer

test engineer

Grade-1 radiographic test
Grade-1 ultrasonic test engi-

Grade-1 magnetic particle

Radiographing engineer
ultrasonic thickness
measurement engineer
Inter-pole type magnetic
particle flaw test engineer
solvent removal dye

Grade-2 radiographic test
engineer

Grade-2 ultrasonic test engi-
neer

Grade-2 magnetic particle
test engineer

NDI Grade-1 dye penetrant test Grade-2 dye penetrant test penetrant test engineer
engineer engineer
Grade-1 electro-magnetic Grade-2 electro-magnetic
induction test engineer induction test engineer
Grade-1 torsion measurement | Grade-2 torsion measurement
engineer engineer
CIW Senior inspection engineer t Senior test engineer ’ Junior test engineer

(Pressure vessels) ¢ Division 2 (Alternative rules
for pressure vessels) T 5o
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i KEJEEE 2RSS (American Society for Nonde-
structive Testing) L X > TRENTWB A FF 4 ¥
(SNT-TC-1A) Ty » THERL X L7~ Written Practice &
HOE, TOLELBNWTRERELAE L T2 ANIER
BREAEHEL T\ L LTodhdigin Al (Vv 3R
BREBLFIND D ETERL, 0 v ]FEnE
B BRI IEWBREDOERICY 5 TAD vV DE
DEFE - I - BREFEETI &) THREEHFR] »
EBNBEELNB D, HELLTUEI—~E—E15 5,
3.3.1 BEREADOBAOBKRBEHE
AREATIRGE BRI ERERERS®FHND 1)
MHRET, BEREFRYERLEKRBEL T3,
1D BloBER
RBEINIHINE 2 B U CEREREREENE & W
5H, FOBKITERIER T,
2 BEEROWE
(1) JERUBRERSRENE
IEREBREERNEBRIC ONT, B6 R R LA
HRETDHELNTEHARERFRELEREFL, »»
OFEE L LT RiEIEETAE
@ 1%&EmE
M HERHFCOWT, E6RICRLASEEY
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PN ¥ alrrEn® | ° | ©
1 T
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— 15" — i 75

l_ J_ 1015016 Iy
323104 I(D;Gj‘é%i‘ glz)Niﬁ’Fﬁl bslog mIH % fﬁ’%b BT 2EAKBER

- o) ASTM #HiE Ik 3 BAEES =
BB 3 et ETEERERT §§T

. EEEt

1 Fig. 2 . Fig. 4
zdle type penetra- Needle type Fig. 3 ) Hole/Stepwedge type penetra-
er (JIS Z3104) penetrameter (DIN) Hole type penetrameter (ASTM) meter (BS)

£ GHE (BRERD o8S

e 7 Kind of image quality indicator (Penetrameter)

Shape Standard/Code Material
Steel, Aluminum,
Jis Stainless steel
dle type DIN Steel, Copper, Aluminum
BS Steel, Copper, Aluminum
ASTM Steel, Copper alloy etc.
le type MIL
. Ministry of international
te type) itrade & industry depart-
imental ordiance No. 81
:/Step- BS
e type AFNOR
-er/Notch ] GOST

WTRZ0Eh,s () BARBERLBRERERERE
BIHC IW) BHEWE S8701 [AEfaywEnsk
EEORNENEE | TESWTE6EDNL HTHE
Wi 3DOEHTT, HiNEOEEEABEL TS,

2 ASME ki) 5 EHEBEHE

R, fiz ASME mfRZEEINh5 40Tk ASNT
ierican Society for Nondestructive Testing) »
“TC-1A oRFIC L %o

BEROBEEL FONE

;commended Practice No. SNT-TC-1A CI3 &# D
NELUTRERMCIZ 3 BT 5 L 5 lE LT
2R, FEMBREEBYRTL TN LT, BErRbN
il LTI WE LT w5,

NDTv~w]

NDT v~ ] REBRFREBORE, R, 8
TRECETD A, REOERR & DI EWBREED
FBENCITH C ENTERITNIERD Ve NDT v
ANV [ BREBIEIND T vARV [HREBEEF X vv]
BREADRY, BEEOTCHEELTI BENRD S,

NDT v~ ]

NDT v~v | & B ARERE OH LT CRUTE
%, MHRIC R HIERE, TRER SCESWCEE
i - HENTEARTNERD W, FhvAv [ HRE
BRRBROERGEHY ToRML, s 2T 550
NDT vV [ REEDBERTIZERD B, 20
VAUV [ RE BT IERERE B 5 HERE - HHEE
BRUMEEMERTCE AT NI D RV,

- 125 08 05 032

olofofo]e]e] s %VAVAVAVAV

0 5 1 32 o5 1 25 16 063 04

25 AFNOR ﬁ%ﬁiﬁﬂéﬁ%ﬁ%&ﬁ@@ﬁﬁ
Fig. 5 Hole/Step-wedge type penetrameter (AFNOR)

6 3
=

] [4Y] !
=g "
crg ngel(XBTﬁ%kkwéﬁ%
ik B
l Fig. 6 Hole type penetrameter
52 (GOST)

(3 NDTv~v]I
NDT v~ BEEGFEBREEOR, Bk &
BAREOTR, EHT NS IEWBEREAFEOBEEN
TERTE DRV ¥BREND T vV #E
BREREREETSRC b > THIETH2FERS
n, ¥#, BR ELEBcESxBRBREROTMART
EBEND T, hieFFRBRFEDO R WEEI
BREOHEL COHEEEARETH LTULEL D
¥l SEROTGEENCE LT RaEE B LT
BLAMLENRD Y, FERBREFESRCHE - THM
LTWBZ ENREE L,
3.4 HEHEEBHRICHBIIIHAREMGERBRBE
FHESEYEETAHEESGT BT, BEAYOESE
HoBEA4 2T [HEEEERR] #E=Tsz ek
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Badt & LW OMICHEERINOELXE T, BB LIS
BEXoT7 4 V2 BEERERNRAT. £0 2 RTHE
B RGO HSHRICEAFAOBINGER L 21, R
ERDURREH B SR OETHF AT BT Ao BHE21ES
LWHIRBRFETH Do Linl, BB OB EEEEX
NAZ LD L HFEBOBINMEL, HECXE 2 V%
— DR EFERA LT NERS R b, FOREHS
FAOTENRALTh, BREDOEINAE b LK
OB L R OWBE L DIV B, FRO LI
4 DAIRIC & - TEBI T & 2B EEOBAEIT—F T
Wiz, BEWnbDRE T RIVE ~ AR EY LB
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Fig. 7 Corresponding to ASTM type penetrameter and JIS type
penetrameter

Bl o X 5 e aiEEERRTe W Tk, £EFEHRCE
B2ENIBEEREIBE 7 7= 7 LHDHDOTRE
<, RIEBEE*ELLFMT b, BERCKTS
T4 ML R LD IRITINE NI L ARELFD
RERBOLRDD L5 CBbNS,

TEES7BRERD 7 4 VL5, BEREONIBIREEE
FOBREBELEBLTWAMIEOTCEELRZ L THD, +
LTZDFRERO BEE T 5 dic GEiHE AW
Bo ZOBEFNIARTIXEEEST (Penetrameter) & if
V, BaEo#FR oKL 5E s (Image quality indica-
tor) LA T WD ZIUEBREFIOBIEI AT B R
MEDSDDOBIETHHHDL D EEEEAB I LW
HIE, TIWEEDI.Q. I :EEL-LDTH b, -
THBREFIRELHEIN - BOBRTYHETH LT OLDE
2 TBLDLERS B,

3.4.1 BER (BRER 0B zoBE

BEE (BEER) CHEATIHEHIRRGE L AME %
IR FASOHE CEYET B 2 EMERIE R - Tindo BE
i (BRER) OBRFIFRFLALHMEOCERORLS
ey T A E IR AL EORTED Z AL LD
FHET 588, BEROBRLRDNR 2SI -Ru2ERT5HE
I, REbTEERRo 7, 7 2 ERT55IERY
BOBBOEIDEL DT 7w » 7% FERATH>EEL R
ENb B, EERBIC KT HA2RENRLOELED L, &
TREOE1I~RCBENWTRLTEBLZEET D, BB
BB, METRITE BB NDOEBE OROE
X, FRBROBEELYR L 100 2Ro/NEEBLIT 2 #i H
Y EFCERT 5. KEOHBICR W CEBESTRAI
EE32.0 %ABEHEL LT3,

FABEE AL =2 100 % &)

ASTM B O BBERT TIRRED 2 508 QT) #F7
DHAEEL LT, BREFNRENBRO1 % DEA%
1 %1-2T), 2 %DBEE&% 2 %(2-2T), 4 %DES
w4 %BU—2T)EEELT WS, & LA R AT
b5 L XEBAELROR LD RD Do

Si_/N:
Se N2 @

ZZTC Sy RBEMoFZEEFEINE, S:ldRDLS5 &
LTWAEAIE, N1k S X338 TcERETOE

Type A

1.0
20
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o3
e

I #8m JIS 23105 Ichir B
fRErOTR

Fig. 8 Shape of step-wedge
gauge (JIS Z3105)
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Fig. 9 Relations hole image diameter of hole/Plate type
penetrameter and discriminating maximum density
difference
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CHRT 20 THDe ied 2 2 % Q2-2T)DE &
S1=2, N1=2&95&, WF Ne=4 D& %, Tbb
(Q=4T)TAT ODROBULMLRLRWEE S22k 21 2=
2.8 %&inbo Fix1l %A-2T)THBH, FDITDI
MRZIEZFMBETHMNE S1=1, N1=27Thh,
Ne=1Tho0b S2=1V2=07,7/%, LirL, O
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> TWbo

BEDX S nANARBBEORTREENRS DM, B
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—BE L2 S LEOREERD B LBIE, Fh
b OBER % RRCANTIRE LT EORGE KD 5 HE
NbbB, —fl&ELTJIS&ASTM (ASME) & % Hig4
HLETHRDE Thb,

3.4.2 BEFEN GBREED

JISerrrEo—oixMimteERTsZLedh
bo CNRA—DEBERYRA—DOHETHELTLER
EErORBIC 2 ~3ROBAZELE b Do - TR—D
BERETCLHEBECL s TABE R -V REHE R o2
T2 ELH B FLYEBHROBE CRIHMES mmb F,
B DIRERNTIZ 6.6 mm B T orEsg iz 0.1 mm
DERBDOLONIE TWZ - o TWnb, 5T 2~3
mm D HDTHNE, LIFrENEES L T30l mmo
BELRDLND. ENoBRBEREBEHRINENFELT
THALEER LD, o TINDLORMBEELX X< T 5
DI, BhsERENHNELT CRAROBRHEYH
BTER . 0D ] ISTREBEETHIEELYHEETD
e bFERET (WEED 2ERT LR LTWD, Thb
BEFETNIE SN 1 mm FOF LT 5o 0BES

Vol. 31 No. 2 (1987/7)

W 7Y F T 2



DRR+SMPIDS
R+SMP108

1ok ' RetPb

N ! — —
10 15 20 25
——— Plate thickness  (mm)

0 X7 4 v h, BEEKOES DRI X 2 BRERHEIE

. 10 X-Ray film, screens and penetrameter sensitivity
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Reflection ration in
angle beam method
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Fig. 12 The effects of the slant of circular plane discontinuity
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Fig. 13 Sensitivity of internal discontinuities by the direct
current electromagnetic yokes technique
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HD0, J1STRIBEESRAG LU EHNERRACET
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Fig. 14 Sensitivity of internal discontinuities by the alterna-
ting current direct contact technique
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3.6.2 PIERKAOBHBEESR

REBRIBITDONT ¥ DRREDEX ¥ THRIT X 50550
HThbo KL UMDEAILS T %7 — VEUSST 313 5
J VRN BRSO SERECEREGEREEHL T
B0, EEEERTELETS 7w —k— Vit EORMax BE
T b, BRITECEBWIF I X% 5 A4=v7L
BT, ¥ 7 ADPEKEENREETHIERRC L D05
Th Do M- TRENDTEBLEFTENEBEDORIGE TH
HTEBZENREE L FI9RFA =Y 7 EDRIEND
WXIEEREAD 5 mm BEFX COXRBBRBNRTESLZ
BREEND,

Z N E TSR DB B DWW TIREE D EIIT DU
TOERRIZAIN TS, ALK DOWTD L DT
% R. Berthold 0fT-i-dDhd b, EREMEZ LS
LbDThDEIL ADEIDERERDILDH BN, %
D77 7 HBIBRKRT . REEOERITZICDOWTIX3 mm
%0123 mm o 2BE TR LTV, “Thitk bk
RIGDERAT X IR TE 2REN D ORI CITFENRE N
ZEERLTWA,

Thia AN CEERERIC L 5B Uit R 4145
ERT, THhRXNEREORR, MBOELEEL TYH
BETEXAEIRBEAEELLRVWI EERLTED,
BENEW 2 mm BECEIXTLIMEBTE Y, BEHD
BERENTIEELE N LEZRLTWD,

B UGS BN CBRET 284, BRL YRS

Vol. 31 No. 2 (1987/7)

Wy 7y Py —H#H 25



8 &= ASTM E-165-7 IC & 2 BRI & BUGIRE

ble 8 Penetration time/Development time in accordance with ASTM E-165

Penetrants for all methods
Materials Types Type of defects Penctration | Development
time time
uminum, Magnesium, ITron steel, vthéxi(giig-castmg ggllcll—st};gg,s)PorOSIty » Melting failure, Crack 5 min. 7 min.
ass/Bronze, Titanium/Heat
sistant alloys %’;g;lgcznprﬁ tli:,e Lap, Crack (All types) .10 min. 7 min.
ol with carbide tip Melting failure, Porosity, Crack 5 min. 7 min.
astic All types Crack 5 min. 7 min.
ass All types Crack 5 min. 7 min.
ramic All types Crack 5 min. 7 min.
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Two-Step Anaerobic Wastewater Treatment Process

BB SRR
= N} 2% HB
Yoshio Takamura

Up to this time, there haven’t been any anaerobic reactor which was able to hold methane

producing bacteria at high concentrations.

The methanogenesis has been regarded as the rate-limitting step in an anaerobic treatment.

ABC System developed by Shinko-Pfaudler Company, Ltd.

is known as the anaerobic filter

process where the microorganisms become attached to the contact media in an up-flow
column providing long SRT, short HRT and high organic loading rate with high concentra-

tions of methane producing bacteria.

As examination of anaerobic treatment ablity on various wastewater, the hydrolysis is the
rate-limitting step in ABC system and another process for high suspended solid concentration
in wastewater. This paper describes technical consideration of two-step anaerobic wastewater
treatment process which separates the hydrolysis step from ABC system.
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pH 3~4

SS mg/f | av. 15000
Total CODor  mg/€ | av. 20000
Soluble CODe:*mg/¢ | av. 1500
BOD 9 500

*Filtered with No. 5A fiter paper
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Fig. 9 Relation between loading rate and CODcr removal in
the second reactor of two-step process
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Fig. 10 Effect of organic loading rate on gas production in
the second reactor of two-step process
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Fig. 11 Effect of organic loading rate on CODcr removal in
ABC system
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Fig. 12 Effect of organic loading rate on gas production in
ABC system
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Gas production ca. 0.5 Nm®/kg-CODcx
Gas composition CHy 50~60%
COz 40~50%

T-CODcr 2600mg/ 4
‘—_‘-I—AB_C_S?EL S-CODc: 2000mg/ ¢

Operating load. 8 kg-CODce/ ni'+d

T-CODcr av. 20000mg/ ¢
S-CODcr av. 1500mg/g
SS av, 15000 mg/4

Operating load. ca. 18kg-CODcy/me+d

Gas production

ca. 02 Nm* /kgCODex 5 0,37 Nmy Jkg-CODce |
Gas composition CH; 33% CH, 75%:
13 0 67% 0: 25%1
ABC BufiiLs & 2 BHLED g 100D 16500me/ } CODer 2500me/
pi=Gawiy| ] -C0Dee mg/L H T-CODc: 2900mg/ 2
Fig. 13 T st e T ] T T 5.00DG 2400 mg 8
1 - I
. i d
Performance of anaerobic treat- 1 Operating load. Operating load, !
I 35kg-CODcr/m+d 30~34kg-CODce/meed !
ment by ABC system and two- : veTRemee oo T i_ _{iﬂ____{
step process Two -step process
1.3 T T
\ 3B BETAOUE o
A Table 3 Composition of produced gas from anaerobic reactor 7 12 4
. <
in ABC system or two-step process E
} ABC i Two-step process ; 11r
system iyt reactor{an. reactor : £ 19 ; 250 ;
—_ - R 8 ? :
CODe: kg 1000 | 1000 830 27
Gas production Nm3/kg-CODcr 0.5 ! 0.2 0.37 w E% o9 ]
CHy4 conc. % 55 33 75 8=
L9 08
CO; conc. % 45 67 25 % &
(=}
Off gas vol. Nm3 500 ! 200 307 & A
CH, gas vol. Nm? 275 66 230 e Y
| l e '*I Proportion of organic loading rate of
isun. 296 two-step process to ABC system
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Energy-Saving Aeration System| “Disk Header Type SP-Jet” |

EOERE Holar
TR A

Mitsuo Shimojima

Shinko-Pfaudler has developed an energy-saving aeration system, “SP-Jet”, in 1983 and has
received many orders on it. It has been called the Linear Header Type SP-Jet which has jet
nozzles disposed on a linear header.

This new system introduces low-pressure air and recirculated liquid through a vortex nozzle
and jets a fine bubble mixture horizontally at the bottom regions of the basin.

Recently, the Disk Header Type SP-Jet, which has jet nozzles radially disposed around a disk,
was developed. This type is designed for easy retrofitting of existing square surface aeration
basins, almost always using the current blower system, and for easy applying to lagoon system
at cold district.

Comparison study between our SP-Jet and coarse bubble aeration systems shows that jet
aeration has 3~4 times greater oxygen absorption efficiency and 2~3 greater oxygen trans-
fer rate per kitowatt hour at standard condition.
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Fig. 1 SP Jet aeration system
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A. Severe air-liquid contact occurs in the mixing chamber.

B. Fine bubbles are born by the shearing effect of liquid jet
stream.

C. By the functions that draw the surrounding liquid into the
horizontal jet stream and its accompanying effect, the
renewal of interface of air-liquid and the contact of air
and liquid are caused.

D. By the effect of air-lift of fine bubbles, the contact of
air and liquid, and the detention of fine bubbles are cau-
sed.

E. Drawing of the surrounding liquid into the horizontal jet
stream and its accompanying effect.

F. The air-lift effect of fine bubbles

A-D: Oxygenation function

E-F : Agitating and mixing function

H2H SPYxzy D7V~ 4 > K

Fig. 2 Function of SP Jet aerator
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Fig.3 Oxygen absorption efficiencies
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Fig.4 Oxygen transfer capabilities
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Photo.2 Disk header Type SP-Jet in operation
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Table 1 Comparative data of aeration system

. i Fine bubble + Fine bubble i Coarse bubble
Type | Mechanical | Jet acrater | diffuser (Total | diffuser (Single | diffuser (Single Coarse bubble
‘ surlace aerate floor coverage) | side aeration) | side aeration) | crate
------------------- Device Sigma wave Poraus disk or | Porous diffuser Disk type -
Item e aerater | SP Jet aerater ! porous plate (Cylinder type) diffuser Static acrater
{
Oxygen ’eq“”emegt 0, }‘]]5’ | 1000 1000 1000 1000 1000 1000
Water depth m 5.0 5.0 5.0 5.0 5.0 5.0
Diffuser depth m — 4.6 4.8 4.5 4.5 4.8
DOin aeration tank a o o
o B mg/ 2.0 2 0 B 2.0 2.0 2.0 i 2.0
Water temperature °C 20 20 20 20 20 20
Oxygen absorption . o ; o o
effciency at20 °C % 23 20 ) 10 6.0 e 778 5”774
Operating condition (Gas
volume/circulating water — 2.8 — — — —
volume) ) I
15.7 Nm3/min | 20.2 m3/min 40.6 m3/min 63.6 m3/min 44.8 m3/min
Blower spec. — x0.5 kg/em2 ! x0.6 kg/cm? X0.5 kg/cm? X 0.55 kg/cm2| x0.55 kg/cm?
B | x22 kW x 37 kW x55 kW | X110 kW _XT75 kW
Circulat _ 5.6 m3/min_ ’ = = N _ .
7rcuf ing pump spec. | X5mx11kW | ) - =
Installation power kW 37 ‘ 33 \‘ 37 55 110 75
Motor shaft power : Po 29.3 26.3 2.8 | 47.8 ms 57.3
. . _ I — ~ S - o N R
Prygenation efficieney 0.70 | 0.63 ‘ 0.67 | 1.15 195 1.38
<~T}:)C kﬁ;"c‘%—’ Tﬁ:_‘/7e@§]jj%d\§ <§%VG§6®VG Tank width 10m
BREHHIETLENTS %,
4) EHHTORMIERE AN S,
BRT W7 1T & > THIEAERS S o B8 BB a7 - i S
X
oEE [SPYzu bl #BLTZ7V—¥a ¥ XY IR on Vi |
KEVAFND D, TTVv—¥ a2 VXY 7HOKRET . e \V //—\ﬂ
. S [
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; N . | 5
5) R TOREE - IBEEEL LTOREY b2 {D:////‘/ # /|
[SPYzy ] OFKW/ ANVFEEHCY 7 Z—T NN M =y
LicoTnwb, 2T [SPYx vt ] RFOEKARY -
e r o . e Note : Figure means speed (cm/s)
rY —ZX 5%7&%17#971‘(\‘(, QXD%LE L/Tj(?\‘kk— =55 @Wz&@ﬁﬁ&}?ﬁ
BIf L CRITIEESNS P Y = » PRBICEKS S ND, & Fig.5 Flow pattern of SP Jet aeration system
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Boiler Feed Water Treatment Plant with RO Type Desalination Plant

(BOBIMAKIS V=T
wOE ® A
Shigeto Koga

Yoshimichi Mitsukami

£ om @B —
Kenichi Ushikoshi

A boiler feed water treatment plant was installed in Chile, consisting of a demineralization
plant applied for brakish water and a desalination plant for sea water supply. The demine-
ralization plant consists mainly of a silica reducing equipment, medium pressure RO and ion
exchange systems.

The desalination plant with a hollow fiber type cellulose acetate high pressure RO is applied
for sea water as a substitution of the unstable brackish water supply.

The permeate of the desalination plant is treated by the following medium pressure RO and
ion exchange systems of the demineralization plant.

The operating results for 21 months are quite steady and excellent. The salt rejection rate
of the high pressure RO has been maintained by 99.8 % and the final treated water for boiler
feed shows by 1.0 xS/cm or less in conductivity and 10 pg/¢ or less in residual silica content.

T Z p = £ 2R KERNT¥A

B7 AV AKEOEREES L X, 7V V)IOKT % Table 2 Water balance (Unit: m3/d)

VIV, BENET =T RBE NI T YT ADL A K Point | Sea water VBV;izl:ish
BONEARD AL S0, } application | application
LA L7 v 7 2 IUBROTE R F ) OALIRIC K X 7B EEH ] Inlet of desalination plant j 1520 —
boTWAZ kb EDHBN TN R, Z0F VALK ' o T T T
DR TEIR . LR e AR ER L7 ) o ot of high presswre RO wystem 388 | =

Brine outlet of high pressure RO .
EAEE L > T X system o 720 - )

SO OMIED T H B F o ¥ < ZTHICIE, EEH Inlet of demineralization plant i — 610
At F v a oBREOFULHYD, OFAUNTEERIE & " Outlet of medium pressrurer RO ' 7 737307 I 507<
L TR BA OB £ > Tl 5o MO TR 7%;?::1outlet of midium pressure !
MOBET 7t BICEBEOBEWFAIIKEROKEIC LD RO system | e 178
BiE L, &HKfT 2 0HEELRAL TWDo Treated boiler feed water ‘ 300 300

SENLE DF 2 F 7~ X LRI E S % £ 5 TEe ‘

DOraY D DIREERC, RO
e & m@-mimz%giézmmm B 1R EAGIRR
Table 1 Design water conditions
BB R A TSR & W :
AL DTHET %o | :,,_,, - Raw ‘wrater | Treated water ‘
1. KA SHRKMIBEBORIE Ttem Unit ' Desalination | Demineralization (Boiler feed

ABEBREFRTHEEOZE L (o plant b plant
2P akt F Ay e EERFOED - L | (Sea wat_er) ‘(Bra?k.ish vgter_)i_
138%E7 7> F (78 MWX 25) 0 pH L35 °C 7.52 | 7.8 ~ 8.25 6~7
R A FHAH & LTSEAHAA LI b Temperature  °C | 20~30 20 =30
DThbBo TDS . mg/e | 36 890~40 000 ‘ 744.0 ~ 916.0

MEEIZERE 7 7 v FERRRTI, M-alkalinity | mg/¢ CaCOs 143 | 100  ~160.00 |
PBEDF 2 %7~ ZE DKL LTHE  Total hardness | mg/¢ CaCOs 6490 | 166.80~281.90 |  ND
BNTkD7 ¥ 7 R LR © FEITK Ca-hardness mg/¢ CaCO3 | 1052.2  16.60~199. 80 |

(AT EIFKETHHRA FHKT Mg-hardness | mg/¢ CaCOs | 5424.3 | 79.13~128.74
7 » T (Demineralization plant) % Chloride " mg/e CI- 19460~21425 | 99.00~151.13 ND
A Lizo Sulfate mg/e S04~ 2720~2970 45, 30~242. 40 |

COFRFFEET 7 ¥ PHEA TR silica | mg/e Si0; 2.4 | 3.9~ 86.80  <0.01
KNBBEEB IR OFI3FHE T 7~ Conductivity | #S/em — } 520 ~ 1375, <10
Bicd, #eERTEEELREDW Turbidity - ma/e — 075~ 2.20
77 POFMELTHIISNTE 2o i mg/¢ Fe D | 013~ 030 <001

UL UEEEIRICA - TH L &,

38 Mg 7w F T —E#H Vol. 31 No. 2 (1987/7)
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EE 1 »rAKBEEERZRHWRA 7 iKLERE

Photo.1 Demineralization plant

2 ¥ AR IYEBEINDFORKENFRET, BLEHT
RUIE LIEEHR KBS R ELTLE S &AL /oo
CORDEISERE S T FERBEKENXTEL-E
LS LREA E TR\ 5 IR OBIT L AHEKIEKLER
(Desalination plant)# B A$T 5 Z &7 - 720

LA UBRHIIC 3\ CHRMBE K KALEEB O F 23, 2 A KR
HWREBICHANTT v=v 7 ax PR B2 0BRETIE
RGBS ERERAE A I N T Do

%1 E = Demineralization plant & Desalination
plant &7 v~ %KY
2. DAKBIBEBZRWCRA S BKNIBER

(Demineralization plant)
2. 1 &8

A K E LCTHERINTWA S, HFERENE
<, oY) ABENRECIHAKTSD, KA FHRKAR
KELTIRELTEWKE &IEW2 o, HETFEKLEHE
MHEK L H B 1 RCRTHY TH D,

E2RCEEARY R T, ZOHMZ610 m3/d oK
BFKL, BA Ik E LT 300 m3/d #4EE35 & &8
T& 5o

BUKIZE 7 v 3 = v a8 X B3RP0 & 9 BREERRE
MR/ ENDe TNIRBEFEOFEROEBE T ANTYY
O AERZ EiWEDThHbB. v Y 2k OIEERER
kb ROBEBADIKCEI 40 mg/e LI Tz Twn
bo BEHKIZEEN Y I, DEABAERAIEL LT
VA BEATHRBEHIFRT DN TN, FLEEAIEL
THRREEZERY — 252 A2,

MEEMEE X -ikik, B A 74 >~ -
I FEEEh, FEEKECARDN S,

P L DRy 77 o TENIKIE, RY v TER
SRh D BOCHEET 25 °C IemBiNAa®, -1V
T7 4 NEEBETMER Y 7L Y MEINTHEROE
BieEprnb. ROEEBEEEKIEEC XD BT BT
HBIRBR Y X 0N D,

FER OB A D FRICHEITEAZN, FEROME
DK E R r =V ¥ 7 &BFIEL TW5, ¥ iR Y
—ZHFEALTROBEOBILLILCA LEES L TWWb,
TR Y —~ X X1IA1EBSEEFEILLT, BKCEEND
BERERIC LD BEPNKEEIfTA5 L 58> Tnb,

T 4NE T

5 B 2 HEROXEE
Photo.2 Medium pressure RO system

B 3 R TEMBMER

Table 3 Materials of main equipments

Name fo

plant Material

Equipment

Coagulation/Polishing CS/Rubber lining

filter

Micron filuer FRP

Pressure pumps

pump, high pressure | | SCS11/SUS329]J1

Desalination Including sea water
plant (

pump and backwash
pump

PVC (Low press.)
SUS 316L(High press.)

PVC (Low press.)

Valves SUS 316L(High press.)

Settling basin/Syphon
filter

CS/Tarepoxy coating

- Polishing filter and
mixed bed deminera-
lizer

CS/Rubber lining

FC 20/SUS 304
SCS 13/SUS 304

minerali-
Deminera Process pumps

zation plant

PVC (Low press.)

Piping SUS 304 (High press.)

PVC (Low press.)

Valves SUS 304 (High press.)

FER OB v e — X e 234 5 VEL (S C3200)
FEALTRD, EUNEIZY Y 2 HTHE IS5 72165
BICFHEBEINT N5,

B 2 7z R ORE G EKITBRECES B A 4 ~
INb, SED T 7Y MIHOY Y ZREDRIES 10 pg
/0 LR NDREEHO v ) 28 Y ¥ 2RE Lo
RIEEH Ty Y 7i13BE 10 pg/¢ LITT 558, ¥
VARY Yy BBECLDERORER L H L TWD,

Demineralization plant % BE1 534, AEEBIIE
BOlE < THAN BWcd i 3T EBAC REI T
o BE2IIFEROERETH B0

TEHOME B IRICART ROEBEMEY LIBILES
LOEBMNTNE S ICPVC, SUS kD&t s
b T2,

10 M7 7y ¥ -
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2.2 EEF-%

PREEALBC 2 o CIEBTRRIE AL, HALE 2 SRR Y 35
177 3I=y 2EIRF SN, I A IR —ERER
EREN. LALRYVEMNLT VI =y M EIRE O BN

f<, PH 7~8 & iy pH C & B EEMEREA
B, 2OUBEKDOBET NI =Y 2D LRV
RN EBEERE UTEREARNLSEAL
TRy #E7vi=van (PAC-250 AD)
BERATHZ 2L PAC-250ADDEA

H3, ROFEEAD SDI 5 min)it 2~3, PN{HE L

B 4 R FATHRKLEEEO TS

TH0 EE RERWERZRLTW5A,
FIER OBIZ L0 L5t & BB HEEE T L
N U Y — X EAZIC L HHNBIT X ) +4orREL

Table 4 Chemical injection rate of desalination and demineralization plant

Name of chemical Injection point

Injection rate
(mg/¢ AS 100 % Chem.)

Sea water | Brackish water

application | application
%250 mg/e, BEHO pH T~T. 55 THE ion

/ - 5 - Polyaluminum }pllet of coagulation 1.8~3.3 —

HROY Y 40 mg/e DT #HET Hlorid Hter
chloride
Thao o PAC-250 AD Inlet of settling basin — 247

REA L UTHREEERY — X2 HEAL , .

T, BReHikKeBEEE HEINS & Inlet of coagulation 24 _

DT oot bC, WALBIE Lo EEA e Sodum hypochlorite filler = | =

LTRT VARBER OB EATHIELL NaCIO Inlet of settling basin — —

oo HERICIRT 2 RO BEARE F4R TR .

T " Inlet of coagulation 25.8 .
i i i filter ’

B5RCAMERA ¥ Mok BRI Sulfuric acid e B
HRTo VU AIKIEEHEH D T34.2 mg/ek H.SO4 | Inlet of medium - 76. 6
T AR VAV ET B SN B, g e RO [
ROEBAOKKTIH7 VI =Y LOBEEL I%alggc soda ‘ Inlet of settling basin| — | 65
TR IE e RO BEIZENE6S %ThY, i |' | I
RO Z@WBMEKHRDY ) 7 #@EL 84.6 mg/e Clay ! Inlet of settling basin — (100)
LHREL VDL, vV IRy ~-) S ORE 1 ,
ITEETH - o iOdiélS sulfite Inlet of medium 16.7 8.1

ERARBOT VI =Y REOEAC L hhdb o e
B 5 X MkBiERERANZER A T RSB KE
Table 5 Performance of demineralization plant

; . L . . Mixed |Mixed bed| q.;.

: Raw | Settling] Syphon Medium Medium Medium . - Silica
Item i Unit brackishi basin | filter |press.RO/press. ROjpress.RO bed demi- demine- polisher

! . : iF : neralizer |ralizer

! ‘ water ‘ inlet inlet imlet permeate brine inlet outlet outlet

Turbidity mg/¢ ‘ = — } — | — — — — — —

Color 1 — — — — — — — — —

pH (25 °C) 7.4 | 7.4 7.3 5.8 5.2 6.3 5.9 6.9 6.7

Conductivity “ #S/em 25 °C 850 | 1000 950 950 45 2200 40 0.08 0.08

M-alcalinity I mg/¢ CaCOg 95. 6 98.4 84.4 30.9 8.4 68. 6 7.2 — -

P-alcalinity mg/¢ CaCOj; 0 | 0 0 0 0 0 0 — -

Total hardness mg/¢ CaCOgy 330 ‘ 250 280 260 0.3 750 0.3 0 0

Ca-hardness mg/¢ CaCOj; 116 | 116 115 116 0 420 0 0 0

Mg-hardness mg/¢ CaCOg 214 134 264 144 0.3 330 0.3 0 0

Total dissolved solids mg/¢ — —_ — — — — — — —

CODaxn mg/¢ O — — — — — — — — —

Carbon dioxide mg/¢ COq — i — — — — — — — —

Chloride mg/¢ CI- 135 175 175 170 | 9.0 99 8.0 0 0

Sulfate mg/¢ S04 — — — — — — — — —

Nitrate mg/¢ NOj;~ — — — — — — — — —

Phosphate mg/¢ POy~ — — — — — — — — —

Ionic silica mg/ SiO; 61. 4 34.2 34.5 33.3 2.91 84.6 2.65 <0.01 |<0.01

Ammonium mg/¢ NHy4~ — — — — — — — — —

Manganese mg/¢ Mn — — — — — — — — —

Iron mg/¢ Fe 0.05 | 0.015 — . 0.025 [<0.01 — — — —

Bromide mg/¢ Br~ — — — — — — — — —

Aluminum mg/¢ Al — 10.153 ! 0.048 0.03 — — — — —

Raw water source : Brackish water
Date : May, 1985

Vol. 31 No. 2 (1987/7)
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-MEREA RBER T H Z LN TE T\ 5o

YU ARY ¥y HODMEK 4 IZTESEEE0.08 1S/
cm, ¥ #10 pg/e BT L EbDTRIFAKEATS %o
3. BAKKILEEE BOWoK4 S BKNBERE

(Desalination plant)
3.1 E&fm

# UM EE L b k3% 7 v By M BRI TR
D, —RRIEAKEREN, ZoHELD ISR -7
M-k, BRI L BDEFREREEE LR E RS
D—DTCHMTT v F 1 7EFENDI I E I F AT V0 E
WAREIC ENBS

RGBT SN HEKIE, 47+ ¥ HFRE
LOEETHE m X YEUkEh, FEcE M MD, KE
Kl UCTREEFZER Y — L RFEAINEZOL, FUKHE oW
KIXIEKRE » TR TCRY 77 o 7TEN, ZOEKCEER]
ELUTRYHEAT V=Y L, pH AL U CHBRMAE
FAxh pH 6.6~68 i xh, BEOGEFBIRICTRH
B\BEND,

PRy 27 & & UCTBEFRBORIC R Y v > JFE
BEMBEINTEY, BRIy ) — X o SNEER
WERE FE R Y ¥ v SFBEERSEEITA » e R i o —
FoOFEBREROLTUHEEND,

FERENIEEKIE S — YV o V7 4 MR EETHIER ¥
TEEBN, TER Y 7T 55~60 kg/cm?2 winE X
TROEBITEDNS,

R OEEIIEMR w /v v — 2 hZRED RO BEAHWS
#, Hollosep HM 81550 R O & o — /28 HM 8255 @

B R 3 ABOK(EE
Photo.3 Desalination plant

B R 4 #QEFEEEE
Photo.4 Coagulation and polishing filters

BEITEZ L2 2ETOA-TW5B, EERIX, HM 8255 D
FRERMAETAHT BT WBH, 2UH L D 17RKDFEIKDH
THonMEEL B TND, 20 EE RO BED EINEX
35 BILEEINT WD,

B KAL BB OB KITEOIR L D EUkIhTnw5b
FodiT, I X ) As S OmERL HEEAEEL,
B A QOB 2B M, Wmo%d & LERAmA
LB EC b ROBERVEERHBRTH I &0\ X HE
BLTW3, F-ROBAOCEBEEZI»RONT, B
HIEFBREY FRAIEER L T 5,

BER O BB & ) B X - ZiEKkikEEE: Demine-
ralization plant DFEKEIC4HE X, DIBEESREENT
L VMBEIND o FEKEICA - e FBBKIE R >~ 7 TE
THaER, I/ u v T4 vE, HERY TERTHERORE
BIEESND. NAKIRED & EHEBEINERY v IR
BEHIZ DBE AR IND. HE RO EEEEHKI
PH MEW /- BEEMER Y ~ X4 EA L pH % 5. 58i& I
B+5, COEEREY — X EAX pH JEO L HTE
BEFRAFMLUTCHER OEDOBLLETEIETE 5, 1
H1EEAZGERER toTHERO BOKEL{TH Z &
X, HAKFEDOEE EFAKRTH D,

FEROEBIXMRDO7 w7~ » 284 FNEDED
HEOFEFMAT Do o7 UAL KIS ATKD BYEK A ¥
AL L DICEB D, ROEY 2 —VOFEFIAREXT
FENZEA 85.1 % I _RF Tnb, = DhEEROEMmKIX
KL DIE A NCHEBEIME D FUKMIERE TS 2 &
SETH S5, BAEXEER OEEEEKLENIEHT
BWieBEEETZOE EHKEL Tnb,

R QB AEKILR 7 2 B2 CRRE, vV 7R
U ¥ ICTE I N AR A T/KE LTI 2k X
N5,

Wk EFKE LTRWBAORFEK4E, W0EKL
HaEI1RTRET. ¥/-5EROEEHAEIXI88 mi/
d, JBEKEZINAKDOEE LR 300 m3/dTth B,
EEARERITHRIKERZFE2RCREINT WD,

KA E O B KB R & 3h - oo EEHER
OME4EIRCIRT. ROEBEY 0FEEERV 7
v ARy 7N, SRR K LD BEY kS
T, (SIERRCIXERTCABE Lk X b, BRI
THYKS, BHERING L HEEITEIN TS,

B E 5 REROEBLMERYY
Photo.5 High pressure pump and high pressure RO system

42 MR 7Y Ny B
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Operating howrs {hrs)
Date : Jun. '84~Feb. '87 Type of RO module : Hollosep HM 8255
Rated capacity : 16.2 m3/h NO. of RO module : 34 Pcs. of HM 8155
Rated recovery rate: 35 9 Mode of operation : Continuous operation
Sea water conductivity : 52000 xS/cm Salt rejection . ( 1 __gl’ ) X100 (%)
P

&3 HEKBOKA GBI 7 ~ &
Fig. 3 Operating data of sea water desalination plant
Desalination plant D 5 E 45X 3
77, BHE 4% Coagulation filter 60«
& Polishing filter ©# %, High
pressure pumps & RO modules %
BE5 R,
3.2 ExrF—14
PRI E ORI FHEER & LoF
LTRREVEh7VvI=y a i FHL
Tn%bo BEFGIRRORY v v JiF
BarDEER 7 — £ % FE 2R R,
g’ PAC-250 AD 1.82 mg/¢ * &\~
BEARIL L hbbd, Ry JFE
EEHEDOSDI 121.0~2.5 & ol R 00000 oo
TREFLEIE DN/ FREIbEE 0 x..x..k..x--»-v':"
#SDI LT3 0L Tichs%Tic 0 12 24 36 18 80 7
BrEM A B 5. EEFEIELRY &~ Operating hours (hrs)
¥ B A v )~ X CHEERT D DI

SDI (15min.} At the

outlet of filters

(kef /em)

Differential pressure of

filters

Flow rate: 50~51 m3/h (LV=13.2~13.4 m/h)

SO LD BB O FIEZR D KE AL SDI (5min) of sea water: 11.6~15.4 (PN=0.24~0.78)
EIN—FTHERTEDHTH %o Symbols : Coagulation filter -x-- Polishing filter —o—
NN Chemical injection rate :
g gty . & 5 i rate
SR B OZE EAIL0.5 ke/om PAC 182 mg/e as 100 % PAC 250 AD
WHETHDIPAC HEAEL8~3.3 NaClO 2.42 mg/¢ as 100 % NaClO
mg/e LT, 1~4BThot0 18 H2SO4 25.8 mg/2 as 100 % HsSO4 (Arranged to pH 6.6)

EERC S WOREEFBSE 1 E 1 B2 KUK e A - »

B, Ry ZE@REMIE LA L ER Fig. 2 Operating date of pretreatment system of desalination plant

D EF Ao 1EB 1 BEHREE AT - T b WIKLEBA AT AEN 7 v =v 7 ax Pk bz
BARCHEREIMERELEALBEOER[EARY DT, EKEKIEEBDOF & EHEHL TWb,

At SO&HCEBEAZRR, HENEAFT > T 5B BIRCHEROEBEDOEERT ~ 2 %R T, ROKED

AP DG AN TR A <, @fliamk, Bl BEEEL X b TENL TR ) FEKSESEERE 52 000

TR AFE G R AE TS B 23 A KA R e Cilgzk ¢S/em(TDS 35 800 mg/e) i L BRI 150 4S/cm

Vol. 31 No. 2 (1987/7) M7 7w ¥y —HEER 43
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B 6 F WARKIEREHWCRA 7KL EOKE ST

Table 6 Performance of desalination and demineralization plant

 |Raw sea|High _ High _ |High Medium [Medium [Mediom Mixec . Mixed - Isijica
Items Unit : press. ROpress. ROpress. ROpress. ROpress. RO press.RO neralizer neralizer polisher
o ‘water Imlet N _‘P_er.meate Brine lm]et permeate brine [, 15 ‘.outlet outlet
Turbidity mg/e |13 ‘ <0.2| <o0.2| <oz — = = = = —
Color <2 <2 <2 <2 — — —_ — — —
pH 25 °C 7.8 6.8 9 5.0 7.1 5.5 5.6 5.4 6.6 6.10 6. 15
Conductivity #S/cm 25 °C 52000 ' 52000 . 138 | 71700 165 12. 2 1110 11.0 0.07 0.07
M-alkalinity mg/¢ CaCOj 118 93.9 | <20 140 | <2.0 4.0 | <20 5.0 — —
P-alkalinity mg/¢ CaCOs 0 0 0 0 0 0 0 0 — -
Total hardness mg/¢ CaCO3 8400 8 310 8.3 12000 9.1 | <0.3 51.8 | <0.3 0 0
Ca-hardness mg/¢ CaCOs3 1390 1340 1.3 2020 1.3 <0.3 9.6 | <0.3 0 0
Ma-hardness mg/¢ CaCOg 7010 6 970 7.0 9 960 7.8 | <0.3 42.2 <0.3 0 0
Total dissolued solids mg/8 35800 | 35850 83.0 . 60800 | 97.0 — 530 — — —
CODxn | mge O <0.5 051] <0.5| 0.8 — i — — — - —
Cardon dioxide mg/¢ CO2 ‘ 3.5 30.2 — 21.9 — . — — — — —
Chloride mg/¢ CI- ' 19800 | 19800 38.0 | 29200 | 38.5 0.91 235 0.89 0 0
Sulfate ‘ mg/¢ SO4~~ 2 640 2660 2.0 3960 ! 12.8 0.52 85.0 0. 565 — —
Nitrate mg/¢ NOsz~ 1.8 2.4 <0.1 12.0 | <0.1 <0.1 0. 30 <0.1 — —
Phosphate mg/¢ PO, <0.1| <0.1 <0.1' =0.1/<0.1 | <01 |01 | <01 — —
Ionic silica mg/¢ SiOg 1.1 0.98 | <0.01 1.6 | 0.02 0.01 0.05 " 0.03 {<0.01 [<0.01
Ammonium mg/¢ NH4™ <0.1. <0.1! <0.1] =o0.1 — | — — — — —
Manganese mg/¢ Mn 0.03 | <0.02 , <0.02 <0.02 — — N — —
Iron mg/¢ Fe 0.13 | <0.02 | £0.02 | <0.02 — — [=£0.02 =<0.02 — —
Bromide mg/¢ Br~ 62.0 62.0 0.72 96.0 — — ! — ! — — —
Aluminum | mg/e Al 0.16 010 008 019 — | — | — e
Raw water source: Sea water
Date : July, 1985
(TDS 83 mg/f) Th b, “HIFHERL L (EREEE © El 43

A= 2T99.7 %, TDS~—~2T9.8 % ThbHo Lind
& O BEE EIEGEE LIRS 000 B it b e b & LT
B2 BIFRREEAMERI AN T\ B, EEX X~ U
KR OBEOUEEIZ—ELITbN T Win\e U b AEKE
CERL, BRAOEELFELAEEFL TRV,

EZEERA LISk, EIEEIR 35 % AT\ 5, JLIEIK
B3 E# 0388 m3/d(16.2 m3/h) RELN T\ Do EiR
FF7 RS < ROBEOER LRSS ERGHANC S %,

VKA EB A H R L BEa DR A FHKABEEED
£ BRI B KESTELY B6RICRT. YI IR Y
» MO oMk & Bk ESEEE 0.07 S/cm, ) 7 10
g/l LITF &, mAKeBKE LA LR FECR
iR ST 5,

R OB & BB KYKALER A Ao R4 7HK7 7
MEEEEGLSE, 149 7 A% 86 UNER B8R 568
FonTnwb, HER OBIZ MR E L Bbh 541t
HEU RN, FORNKELEE LREXERCEE L T
l(\‘%)o

AEEREOEE, RINCES T, ZFFETHEERR, =%
REGED RV 2 7 v 2tk ZHEOF 4R Z1EE,
SXEE B oo FEEEANY THEEDOHELARTIRET
H 5o

(BEXH)

1) KB KRR v Z —~ EEBE-—i (1983.5)

2) FYEF = ¥ H~ 2 HLUET TR BEREERZ AW G AEKG

PREEE M7 7V FF — e+ =2 —% Vol. 23 No. 3.4 (1979.

9

# 7 7 v ¥y — B
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Cooling Tower for Industrial Use

()RR HiER
= N B E
Hiroyuki Yoshikawa

This paper describes the basic theory and changes of cooling tower and will continue 2 or 3

times in series.

A basic principle of cooling water by ambient air is common to counterflow and crossflow
cooling tower. It is possible to calculate tower characteristics of counterflow cooling tower
by simple numerical integral method. On the other hand, characteristics of crossflow cooling
tower is calculated 2 dimensionally using FEM method and consequently an electronic

computer is used.

S S 3

Wkt PG HEE ORGSR B L T B2SEI /D, T
DR, AMLE, SR 2R bE Lz~ ¥F=~X2
AU T OBHERIRPEFEE ML L TE 2, EEEXR
DEEZDHCINTAANVY s v 7, V¥ e v 7ED
CIAE L R4 LB L LELERICL, bENTE .

BHRBEDLEMO—DTHHHEM b, KELD T T 27
v 7Y~ EDHBFRERR DN, EHEREAFELHL
T HE N D BRETIIEENELERM L cbDETE, £
DERHEHRAL, FlINbIEL B 444 RS
Bh, BENsEEL &,

F CCBEDEBEIRY E T, b5 —EGHE ORI
HEEBNB RO DAL, S, HEEORE, HRo
WTE & THAT 5, '

1. AMEBOEBRES
1.1 KZEsPITEE

BEBIZ R BEAGHKS 2 WIS EEE 7' v+ 2 %
HKE BRI X D BT 5RO —ET

(1) KOEHK L HEEEE (&F0K75~80 %)

Q) Lo BEZC XS EEEE (A0 20~25

%)
X ke &I THEET, b BT WEY
BERENT CHPTHERBELXICHALLERLS 2 %,

Z OFEEISHE O P A T b O THEABIZ IR
HRE K ESEBTHIELICBEOLTCERDLT T
%o
1.2 BIRBRE

BERRETBEEE 1 BioRd & 5 RgikiiE & BEREE
%EB 2 ODWMETT OO WAEEE, HEREE CHER
N5, BREEHTHOBEREIEZOHDZ & <KE LA
CERLE N -ETLBENTWER, LRI EET
HEEES LD EWEERLTWS,

BEREOKSGHERTHZ LI LY BERPXERLVE
ENTH, $ERERNL ) SROBAEESR L 8dH%s
2, TOBEZNROD BWERSICRENBEREETH
5, (28D t°0)

BLEBREEHNFEZOC Yy vAZiEE—RiC kY 7
> EDL LEBHOBBERDEES 2.0 m/s M LG

AR ISV RERD) TR EELVWRERIE
EARETVOTHEZLET 5,
1.3 BAEZRLVEVEEE CAHTEELIER
EBHEE AV, Bl EAEESRN33 CCORFTH30 °C
FCKEGHTE HIBEND 5,
EHEBERAKDO—HHER T D &, REB LY Z0R
BENRT B, FFECEREZEREEMET 5L, B
EftoWEH L F URECEREEE CHHIZh, ERE
BRZODN bk ED, REITEFHBANDKEZER
DEIE, BHBEOKRE IXRBOFEHT 20T, HEMFFHDL
BEONBEREE F CREBHII N,
bHEOERCRAMESRNS3 °C, BE 63 % DIREER
BEIREN 27 °C &b, ZOEKEHEIND Kk 27
CCiE<30 *CREBE X CHHITRER DI Th 5,

1. 4 RHERTEN
Cg+L - ATw=G4i (1)
Ggi=Ka -« (iw-i) -V (2)
dTw
KaV/L = | >~ &)
T

Ce : 7k gk kcal/kg °C

L k& kg/h

G HMEERKE kg/h

L, i By 2ok L UH
g kcal/kg
Tw, 4Tw : KEBB L OB TE °C
Air
~— —
\ Evaporation
<t
Heat:nsfer
t
EF1H %2
7 A Y REIRIKR IR O 25
Bzt Fig. 2
L Fig.1 Heat balance bet-
1 1 ASSMANN'’S aspi- ween wet bulb and

rated psychrometer ambient air
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Water
droplet
Twy

ir iy Air iy = i1 +Al

Saturated air film iwy

Driving force =iw—1

Water
droplet
Twe

Saturated airfilm iwe
Twe=Tw;—~ATw

I3 GENEES

ig. 3 Driving force for water cooling

Characteristic curve
Fill type, dimension : Const

Design
requirement
curve
HWT, CWT,
WBT : Const

Design point

Initial condition
HWT, CWT, WBT, L/G etc.

| Assumption of Kav/L ;

Devided by n

-

Repeat
m-n times

Calculation of ATw,
Twz, iws, iz, ete.
in differential finite element

Devided _by m

| Calculation of ave. CWT |<———

Average of water temp. at
lowest part

Revision of Kav/L

B4R ERMSHEICHIT S KaV/L DFEE

B5H HETEOBE Fig. 4 Calculation method of KaV/L in crossflow cooling tower
Fig. 5 Desicion of
L/G design point
iw KR TW OXKBEAROEMESR F 1 X AHRBHIEICHT S KaV/L OFHE
DT vre keal/kg Table 1 Calculation method of KaV/L in counterflow cooling tower
Vo FEMEE 0 ms T(°C) } iw | ia (kcal/kg) di=iw—ia
K :zrvzpe B REESR
Eﬁiﬁjﬁm%zh i T2=32. 00 i1=20.297
Ka & = . N T240.1-R=33.05 | 27.873 | i140.1-R-L/G =21.452 dil= 6.421
a:xEyz ’V‘ﬁ%&i{uﬁl%’%%ﬁ T2+0.4-R=36.20 | 82.729 | i1+0.4-R-L/G=24.917 | di2= 7.812
cal/m3-h-4i T1—0.4-R=38.30 | 36.391 | i2—0.4eR-L/G=27.227 | 4i3= 9.164
KaV/L : ##:it(E — T1—0.1-R=41.45 | 42.624 | i2—0.1+R.L/G ==30.692 4i4= 11,932
WKk I BB L ESOBELIBE (= v T1=42. 50 i2=31.847

NMEENE) RELWI EERT,

QR EEE koD > BEE
B0 5 SERER, HAIREE Ka » LTk
DR OREMEKD T Y AV EETHESR

KaV/L=(T1—T2)« (1/4i 14+1/4i 2+1/4i 3+1/4i 4) /4=1.251
T1=42.50 °CHWT) T2=32.00 °C(CWT)
R=T1-T2=10.50 °C i1=20.297 keal/kg
T1=27.00 °C(WBT) i2=i14+R-L/G=31.847

DTy EANpLEDEIW-IRERATHI L% L/G=1.100
3. (BIRSR)
@R, (U=, QXX vBEHLND, HHEHEEREE, & ZEHA A O HASMEEE TEM R Y BUNEAL warE]

RbDThHbB. BEMBOBAZHRICE T Ka #—F &
TR EWED Z &2 KaV/L & EiRikagsiE & hud

FBEELTEEDLZ LETT,

5 RFSHIEOEFEOHE (CT 1 0FH)

W 1T B FIRTES IS O MEEET T T, 5L

Biied BnbTnad CTI O FERLL->TWED

, ZOFEyEBTRT,

BEpEE KaV/L 28 R0AETABESTERDBNRS

, FOBERELO ELBED —2B CT I OFETH
o FHEDAEKEBAEE1RICRT,

16E§ﬁmmﬂ®ﬁﬁﬁ®ﬁ§<%ﬂﬁ%®ﬁﬁ>

L, 08B EREEATERWL S, BEROES
P AR DI DI R ITHICEE LS ENUETCH B, L
Mo CEENEEBCES X5 %8B\, BEBOT R
BN ER AR ORI FEAER L CEDMICHE X
NEEPEL S -8, BERSTCEIRCRTHEC L -
Twb,
1.7 SHEREHE
SHEAERET 584, BE, RO4LHE, ThbbBIE
BOKE, B/KEE, @KERE, BEREENEARLHLL
T, BEREIvE2bN, ThEHETIEHEOKEX X,
BERBHRESSY A — I BED D OB TH 5,
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1 REHBEEEMIC XD L/GEHL
&1

Fig. 6-1
Relation-1 between L/G &
design temperature

Range : Const |

Approach : Vary

WBT : Const
L 1 1 11t

L 1 1
04 0.6 08 10 30
L/G

1%6-2H

HRENBESMIC X BL/GE1L
- oA s
WBT : Const Flg . 6-2
0706 0810 IS Relation-2 between L/G &
L/G design temperature

HEhx, P LOBERG LY AKEKHL/GEEAEL
ST KaV/L %k 5 LESEOF LD OfifgnRD b
NBH, “NAEFEMEEHBRIBRLTNS, —F, TEHEO
B, AxXxEn CEADBRESRE, L/G 0 L TE
BR$+5 :HOATY ofifgstskebhs, R Beiti
BERLTERD, MORTERRHAIMEBRTHXREKL
BRT, LRI LIZERBFELLTEE>TWAED
T, L/GHRD BB & GHtkE D REMLERED b
%, ZOB, BixOBEROESEMIRIZYERTRD
BT3B,

FEHER T ORMER, BESORGEHLI 2T
E, TEMEERERERE Ly = v 75 BET LI
B ZOHFEFIATY, B L LELRWIERR
DX 5ic KaV/LHEOREEENZVE ST 5,

1.8 BHEMHBECELTOEES

WIROFETEHHENFRETEIND S, REOBRETEL
THE T Sy BEHEELRB45—35—27 °CEHF.OIA
W PIC & - CiHAT %, BELMTOEMIXEZRROE
EbELIR,

BEo-1~6-4Bix, ThEhvy o, 77v—7, BER
ERlo—HrEEL, —PEELIBLBEORITID
BAEEDLEDTHB, L DVBERETOEHENLHEH
ik

(1) 770 —FRZRKEVWERV,

°ClLE

@ vyIIRKE—ERBIELBAANMIVENR RN

B, BEMN—ERL, VY IEAILKEEZTREL L
BHENRPRERTH Do {HURA LIRLEKER IS
D TRECKEIZKRE L LNk,

(8 BBEERXR77v—5—hbiELLAGVWERE

Vo CHNIREHKRECEHWHEEIZLE, ARLv¥IJic

(Bh~3°C, BE 5

15631

: | metEEsmcsL/GEK
Range : Const 'WI.I 3. o )
Approach : Const
WBT  : Vay |Fig. 6-3
0106 0810 20 Relation-3 between L/G &
L/¢G design temperature

T T T T T

201

1#64E

Kav /
o o
K=z} o

T T T T 11T

04 1| REHEESMICXBL/GEIL
5 4 B4
waE A Gt | Fig. 64
SR Y Y — Relation-4 between L/G &

L/G design temperature

AL Thzvave—2%, TinbbBiilEEhris
Wi Th Bo

ZDED, FICIZRINTRWD, KEFEREWHFIIZK
DEFENER L 0 D GHIMRE BRI L 5208, FoEEIR
iz,

BlED X5 i LOBENRSBDT, BEEEERELT
FEL L R, S fBnEC2EARL D (R
HREDBERKBCEERFE D), Brx JAErit
ZEh B, BrFRELTIIBRTATRETH B,

2. BHBOBELELE
2.1 AHEOSE

BHESHET IR, BAOBRANDSETHZ BT
x50, RENLHSBFCLIVGEELRTADL L

(1) BAFRTLY

BRB ARG EIE
B A
(2 EEBOMBER LD
E | E RS HE
FHABRRGHE
(8) KEZEKDOHENOLHFREK LD
PSS I
EASHRE EE
PTG
(4) KE&ZEKOEMBET LD
B KEIE
REAR F 2o i S
EABTHIR ¥ LIRSS
(6) HFBR PG HIEE
BB PG

BlED &3 csEsh, o, BEET XD a,

A, =vz7y -8, AEcI AT, AT K3
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Water

N Z
N VA
N /
N 7 BT-1H
N Z AKHRAT v~
N Ve Fig. 7-1
l@ Atmospheric spray tower
ET-2H
K ESRIE E R B EARES
Water Hig
— Fig. 7-2
Hyperbolic natural draft
L 1 counterflow cooling tower
Water __ |
- TASAYATAYA B3
(= HATE R TR
Fig. 7-3

Forced draft counterflow
cooling tower

VK, /N, R XVZERB, TERO XSS
LBo

WREH R DEH O S A E BRI ET-1~T-6
R

SHEBORR

B, MHELE2LEIBRGHEEL S, BEGHE
LA VEEARY (Wb b0 EET, SHRESHEE
OISR FTHL “EHBR L HbIORERE TH
FIZC, ZITREBREHAFECOWTZOREAEL
3, ERBROBHEEC OWTHBET 5,

Rk, HHIEHM

SR Gl WA TEABAKERDO D DOFESL EWF
5, BkERIF D, FOo—#E 27 v —CHEE, &
A LRIV BHFHREELLDTH D, TDOHEIR
TahRx Dl S KBBEABRME RV 3B TH Y, AH
EBREXEAERE LTRBEHBEE > TW5,
AR EIE
IRBAGHEO—BTET-1RRT L5 2BETH
EHIMEEIL HRRR L D KE S EAEI NS, BEIKIE
JERMNT IR I oK TH 5o

BRI RS HIE

5%, BT-2RERT LD RN BBOKRE REERE
b, BREMBLETNOTBRAMREYEL DO HE
RETH DN, PWHBIMEOBHBLENKERLD &
Jdo

IRRBERPR T b b EKHANOEEEZC L VES

Water ——=o B1-4H
— 5 BRI HBE
N Z Induced draft counterflow
] i cooling tower )
Water l(><)[
T A T O
N L
N L ET-5
N L WA ERSER S
N .~ Fig. 75
\\; f/ Induced draft crossflow
cooling tower

Water

l
It

N 7 ET1-6

N ; 5 BRNBATR G HIE
Q ; Fig. 7-6

N 7 Induced draft mixedflow

cooling tower

7osb, BERIRE 27 °C iR T SHE % RET T5bnET
1%, 19~21 °COZWEEKIT N, MEZE” BRKEL7D
BhThb, ¥blETRHE, MEAREYRET 55
L (AFV AR TRRIY BEL-FLH5,)
EHEE S BRI AR E, NEER L 0BT E i
WA, BRRTREEL0 mBE 0b D ¥ TER SNTH
Bo BEMLaY 7Y — b, A » PR (LESR
DIAYHEF Y FPEREERD DR b, B/E
THEACTHEIN, BREINTn%,

¥ 7z, BEEBERGEE &L AR 2 ~- v 5 R CRAEREAS
Z\D3, KETRESZHEOLDOLRIT LN T 5,

4) mEBEERREGEHE, EXHEnHE

THEAGHE CREHELZAES, R carysz7y —+¢
BDYLDONRE D s lco REBLIFIATLD S DD - 7o N,
E, —HONCEHEE AR ERB LB TS S,
AT LB, BB BFREOR h ERCB I
BWEEIEFNRL DN, EREORREELRLTVRSA
NRhYVBRFEERAET S, RIERBHESOREA LD
HHEHIRNR—BTH D, Lotk X O ERI G HEIE
ELEERIEET, BUETHABAYREBE e L LT
Who

REZEE L T2 ERTEHEL AmE I 0% 3R
L, BEREHO= X LEHL, bRERRWNTUIAE
FEDD LD oo kb RBERZGEHE S T HH
e UTERFE L TE2l, s ClRAlmE, EXHE, K
2, ML T, TOREEEN U TEERE A= ~
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TOPICS

MEPEOEEMEZHTECRE

Thirty times antibiotic productivity can be
achieved by culture medium

Lk, B EEBZER GBEEFEHER2 71, HE
£ BEEEK, 8 (0484)62-1111 OEBEHEEMEE L
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SR OBHECA LIS LTI Lit. BEDOHE
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Electropolishing business starte
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“Superpack” minimizes ammonia treatment fa-
cility in half scale
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Electroosmosis provides 50 9 moisture content

sludge cake
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Electrosmotic Dehydrator
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Imported sales of small size equipment such
as emulsifier, for foodstuff industries
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