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Drinking water is the starting material to produce the “Waters” for
Pharmaceutical Industry.

U K& 267 3l 25 K BRI YK

The performances of the equipment to generate the waters are subjected to
drinking water quality, and its fluctuations must be considered individually.
Tl Beas BT RE SO K R ATAR G, B BUK S BBl S 2% 18
regional variations in quality
7K 5 I Hb I 2 S
daily / yearly water quality variations
B RIFFF K AR,
e temperature fluctuations
o KRB
e recontamination through the pipe network
I GibUR = C NGRS
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l Water Specification/K [l Fx

‘ — Bayer HealthCare
/ Bayer Schering Pharma

PW (Ph. Eur.) PW (USP) HPW / WFI *
afifk K afifk oK T ALK S K

pH 5-7 5-7 5-7
P ok T
NITRATE < 0,2 ppm - < 0,2 ppm
BT 6
Heavy Metals < 0,1 ppm - < 0,1 ppm
e
TOC < 500 ppb < 500 ppb < 500 ppb
A PR
Conductivity <43 pS/lcm | < 1,3 1 S/cm (25 ° C) 1,1 p S/lcm (20 ° C)
5% (20 ° C)
Plate count < 100 cfu/ml < 100 cfu/ml (PC) < 10 cfu/100 ml (R2A)
EER7] s (R2A)
Endotoxine - - < 0,25 EU/mI
B

Purified Water #li7KHighly Purified Water 5527k Water for injections 35 7K

* WFI (Ph. Eur.) Only by distillation!! B2 8 B 517 2818 i Y

TRAINING SESSION




Water Specification/K [l Fx

Examples of use

it FH 25451

i) Bayer HealthCare
=/ Bayer Schering Pharma

PW
(Ph.Eur.)

PW
(USP)

HPW

WFI *

Cleaning and rinsing of
Production facilities

PP B T AN ML

Manufacturing and
sterile = FK B
non-sterile products
AETC B

external use

S

Manufacture of sterile
products (Parenteral)

Tw kA RS
)

Final Rinse

Y ERURAE

‘ TRAINING SESSION



General Principles for Design (PW SIDE)
RSiiE =N VINCIUYS

General Principles to Design (PW SIDE)
BT )RR AN J )

2_\ Bayer HealthCare
Bayer Schering Pharma

» Dead space free design (6D)

o AEX T

* Pipeline connections

o R

e Smooth surface, Ra <0.8 micron (PW side)

o OUIEIEKM, RMEDGHE<0.8 UK (440
* Application of appropriate welding process (e.g. orbital for stainless steel)
o NHAEMEETZ AN EIE R
« Valves, gauges and pumps in hygienic design
o W, {EFRAZEM DA

* Removal of residual = drainability (slope> 1%)
o EYIMLER=HKEES (BEE>1%)

* Use of appropriate materials (SFDA compliant)
o HEMEHIEH] (575 SFDA)

*  Continuous flow (circuit)

o LN ([HIED

* No sharp curves

LA

e Turbulent flow (Reynolds number Re> 2,400, practice> 0.5 m/ s)
o i (FFiE%>2,400, 15 > 0.5 m/s)

e Cold storage <20 ° C, heatsoak 70 ° C

e WA <20° C, #fiE 70° C

‘ TRAINING SESSION



RULE OF 6D (3d)
6D (3D)Js )

MAIN PIPE

T

Bayer HealthCare
Bayer Schering Pharma

A\
BAYER
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WATER PRODUCTION (%) Bayer HealthCare
\i/ Bayer Schering Pharma
K )i

HPW = 4l

PW#4li{k, 7K K

WFI: 5 H 7K

DISTILLATION

7

X X

DEIONIZATION
LET

DOUBLE PASS R.O.
YR IRBiE

R.O. + CEDI
RiBi%E + BT

R.O. + CEDI + UF
Bz + Hisr + g

X*

TRAINING SESSION



. /, Bayer HealthCare
. : R o &/ Bayer Schering Pharma
Selection Criteriaitt Fi #5 4

High investment and operating costs
Germ and pyrogen free LA AT | FAFEIEAT A =
B JE carryover of volatile organics 2> 35 %

RMEATHL

, chemical regeneration 14 2% i/
low operating cost %%/ Lt neutralization of sewage i -H Al

i EESRNES R . . . , .
E:eﬁlzztr?quﬁtfnﬁgﬁgﬁ{ﬁ% v microbiological load ¥4 4 3k K
g - Discontinuous process [a] ik A =

lon slipf & T-i&E ik

Possible additional pretreatment 1] fig
T EETAL BE

high volumes of effluent J& /K & K

Inexpensive k% i& 1
Retention of bacteria
and pyrogens 7 F 41 A1 5t

high purity =44 5 Possible additional pre-treatment 1] §g
low energy{%AEFE E AN

(Co2-Entrapment) I — SR ALk

highest retention of Bacteria and Possible additional pre-treatmentn] fig
pyrogensi MR AR BE o | T EETIAL I
low operating costs {%iz 4T A (CO2-Entrapment) Wit — % AL 15%

TRAINING SESSION
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T !Ags \ Bayer HealthCare
SanitizationiH &/ Bayer Schering Pharma

GENERATION
k7

POTABLE

STORAGE
TANK

it 7K

TRAINING SESSION
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Sanitary Valve
y Bayer Schering Pharma

BA
No recesses — no hidden volume

P/ LIPSty LN 2

Completely drainable

e ollks dasl

Resistant to heat (for sanitization)
M GHED

Sanitary Pumps
PAAE

No recesses — no hidden volume
e oM R — T AEAAR R

Completely drainable

el ke da

Resistant to heat (for sanitization)

M G )

Double mechanical seal fed with the same PW
TRAINING SESSION 7] — Ry 2 7K AR &5 B R B LA 3 3
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Size reduction — enlargement =) Bayer Schering Pharma

JEFD — 97K

Concentric reduction [7)%H4g /)y
Drainable only in vertical X3 H NS

v

Eccentric reduction JE [ 4H4gE /)N
Drainable 7] H%%

v

' TRAINING SESSION



2 \ Bayer HealthCare
/ Bayer Schering Pharma

l PRE TREATMENT ikt £t

BEFORE TREATING THE WATER IN A R.O. UNIT OR DESTILLATION
COLUMN A PRE-TREATMENT IS SOMETIMES NECESSARY,
DEPENDING ON THE FEED WATER CONDITIONS

IRIEHEKTEIL,  AEKHEN SOZIE FLOC IR B L BT T IAL BRAT I 2

IR

MULTY LAYER FILTER Remove Suspended | General cleaning
A Solidskr &7 (7 B v
CARBON FILTER Remove Free To preserve RO lifespan
i g Chlorine RERIFA. | iy BB A
SOFTENING lon substitution — To better operate with RO
AL 2% antiscaling & 1208 — | g iz {7 K 5354

877 15 25 3
ION EXCHANGE Deionization2: &1 To better preserve the RO unit
(CATIONIC / ANIONIC / lifespan
MIXED BED) TR RIS IR i
B (&1 BT,
TR

- TRAINING SESSION




PRE TREATMENT R A4b T

Drinking

_h,.
water

Multimedia
filtration

2_\ Bayer HealthCare
Bayer Schering Pharma

CAT
IX

AN
IX

Anion ion
exchange

Cation ion
exchange

Activated
carbon

Mixed-bed

ion exchange

Drinking
water

MMF

—_—

Multimedia
filtration

e Na+ Z R

MED __, S&D

—_—

Multi-effect
distillation

Storage &
distribution

AC CF

—_—

Activated
carbon

Sodium zeolite
softener

Cartridge
filtration

RO

 —

Reverse
0Smosis

TRAINING SESSION
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MB
IX

Mixed-bed
ion exchange

MED S&D

—_— I—

Multi-effect
distillation

Storage &
distribution
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PRE TREATMENT R A4b T

, AC
water

CF

_ . NatZ __ .

Multimedia  Sodium zeolite  Activated Cartridge
filtration softener carbon filtration

Reverse Electro- Multi-effect Storage &
0SMmosis deionization distillation distribution

TRAINING SESSION



REVERSE OSMOSIS % 1215

3_ OSMONICS

ST Microscope
|
lonic Range

Micrometers '
(Log Scale) 0.001

Scanning Electron Microscope

Molecular Range

HealthCare
Schering Pharma

The Filtration Spectrum

Yisible to Naked Eye
| | |
Macro Particle Range

Optical Microscope

Macro Molecular Range  Micro Particle Range

i
100
L

'
1000
L

10

Angstrom Units
(Log Scale)

3

%

%

3 5 ]
I A

2y &
L1111

10¢
3

5 8
AT

107

Approx. Molecular Wt.

100 20!

0 1000

10,000 ZCI.OOO

100,000

500,000

(Saccharide Type-No Scale)

J

Albumin Protein |

J Aqueous Salts L

Yeast Cells

| Carbon Black | Paint Pigment

|

Bacteria

Atomic

| Endotoxin/Pyrogen |

2
|

Beach Sand

Radius

J

Sugar |

J

[
A.C. Fine Test Dust

Virus

|

Granular
Activated Carbon

Relative
Size of

J Metal lon h

Synthetic
Dye

[
| Tobacco Smoke

|

J

[
Milled Flour

Latex/Emulsion

Common

Pollen \

Materials | Pesticide | J

Red
Blood

| \
Colloidal Silica | | Blue Indigo Dye |

Herbicide

J Human Hair L

| Asbestos \ Cells

Gelatin Coal Dust |

' N

Giardia
Cyst

Process For

Separation

Note: | Micron (I1x 10 Meters) = 4x|0* Inches (0.00004 Inches)
I Angstrom Unit = 10-° Meters = 10+ Micrometers (Microns)

Osmonics, Inc.
Corporate Headquarters
5951 Clearwater Drive = Minnetonka, Minnesota 55343-8980 USA

Toll Free: 800/848-1750 Fax: 612/933-0141

TRAINING SESSION
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REVERSE OSMOSIS 2% \ Bayer HealthCare

Bayer Schering Pharma

,:_
AYER

\ E

R

Vjv(ater Monovalent Multivalent Viruses Bacteria Suspended
yi

ions iﬁ’r%? ions ZMEF WE T olids [E &= ZY

Microfiltration W

Ultrafiltration W
FHEIE

Nanofiltration W
Reverse Osmosis M
REE

TRAINING SESSION



HOW REVERSE OSMOSIS WORKS % 1533 ] T 4E

A Brief Review of Reverse Osmosis Membrane Technology

Lower
Conc.  water
Flow

Higher . Lower

Side 1 "\ Side 2 Side 1 Side 2
Semipermeable A "
t Equilibrium,
Membrane 4 i
Cg1<Cg Hwi = Fy2
T =0Osmotic
Hw1 > Hw2 Pressure
(a)
AP>T

Figure 1. Schematic of Osmosis and Reverse Osmosis Phenomena.

Copyright © 2003 EE
All Rights Reserved.

" Corporation and Williams Engineering Services Company, Inc.,

Page 2

Bayer HealthCare
Bayer Schering Pharma

A Brief Review of Reverse Osmosis Membrane Technology

RO Membrane

Modules
—_—
Fead Concentrate
Source
Pretreatment High (Cornscﬁgg:)ed
Pressure
Pump
Permeate
(Low Concentration
Stream)
(a)
High Pressure Feed Side
Feed : ’ Concentrate
& AP = Transr
Pressure Difference
F = Feed Flow Rate Ax = Osmotic Pressure F¢ = Concentrate Flow Rate
Cg= Feed Solute ) Difference Cc = Concentrate Solute
Concentration IMembrane] Concentration
pH = Feed pH Low Pressure Permeate Side

J w= Water Flux

Am= Membrane Surface Area Jg= Solte Flux
Fp= Permeat
R = Solute Rejection P ie Fow. e
Cp= Permeate Solute
r = Water Recovery Concentration
Permeate
(b)

Figure 2. Schematic of (a) RO Membrane Process and (b) RO Process Streams.

Copyright @ 2003 EET Corporation and Williams Engineering Services Company, Inc.,

Page 4
All Rights Reserved.
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R.O. Membranes
| BB

FEED WATER

BEIK
‘ TRAINING SESSION

A

i) Bayer HealthCare
=/ Bayer Schering Pharma

PERMEATE

BB K

CONCENTRATE
WK



' Membranes’ Material
IRty p i

: — Bayer HealthCare
_/ Bayer Schering Pharma

Common membrane materials include

W PR A RS

polyamide thin film composites (TFC),
cellulose acetate (CA) and
cellulose triacetate (CTA)

RN AR, BRRET4E R A = LR ET 4k 2 iR

with the membrane material being spiral wound around a tube, or hollow

fibres bundled together.
JEMRHR e S 7 1, B S AYE e — .

TRAINING SESSION



R.O. Membranes 2% K @ Bayer HealthCare

=/ Bayer Schering Pharma

SPIRAL WOUND ELEMENT DESIGN

PERFORATED PRODUCT TUBE
ANTI-TELESCOPING CAP(s)

PERMEATE

:

>
CONCENTRATE

— FEED WATER
CARRIER

SEALED (glued) EDGE
OF PERMEATE
ENVELOPE

SEMI-PERMEABLE

MEMBRANE
PERMEATE FLOW

FEED D CL o, PERMEATE CARRIER

SOLUTIO MATERIAL

TRAINING SESSION
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EDI HZHT

U
‘m‘\/

w

Cation-exchange resin sheet

[ . @ .

Amen-exchange resin sh

—_» Waste
stream

HCO - Waste

stream
Na+

|

Purified
stream

Anion-exchange resin sheet

—_—

4+ 4444444+ Anodet+ 4444444

stream

TRAINING SESSION



WFI — MULTIPLE EFFECT DISTILLATION (3. Bayer HealthCare
TS K — 2 3%

&/ Bayer Schering Pharma

In a Multiple Effect Distillation the water is distilled only once.
IKAE 2 328 R R 28—

Multiple effect refers to the clean steam used in multiple stages to evaporate the
water. It is determined by economical reasons.

ZRGEIR R ZRIRAE 2 DI BUE K28 K . B R BT R P HE /T -

TRAINING SESSION
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Concentrate Spacer
Anion Membrane

Dilute Spacer

Cation Membrane

Concentrate Spacer
Anion Membrans

Cilute Spacer
Cation Membrane

auriqualy uones

SuBIqWap uoluy

- AY"’

ANODE +

€ Chamber . 3

F

iRreduats
\ Water

C Chamber© : ;
l_
Prouunlﬂ

_.
®

C Chamber = £
CATHODE -

JAqUELD 0
(1@1E24 paaj) #3nj10
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: - 7 8.\ Bayer HealthCare
R.O Troubleshooting R.O # k&7 #7 (\ Bayer Schering Pharma

A

Fouling and Scaling Main Causes

12.5%
3.4%
1.5%
o @ organics

6.3% W silica

Oiron oxide
48.5% O aluminium oxide

7 4% [ ] calc!um carbonate
@ calcium sulphate
MW others

Jane Kucera — NALCO Co.
2006 Int.| Water Conference
Piuttsburg- PA

TRAINING SESSION
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A practical case of fouling. V5 ¥ i) 5245 =/ Bayer Schering Pharma

Nevertheless, after the RO membranes, PW was OK it Wi, #HiTROZ 5, /K
A .

Pressure bhefore RO

30.0

250

— | /N
B —Ave ] | / =
e

10.0 /

Pressure [bar]

5.0

TRAINING SESSION



l WFI — MULTIPLE EFFECT DISTILLATION
VRS K — 2 305

el

2\ Bayer HealthCare
/ Bayer Schering Pharma

Potable
Water T
M“"x‘ g/lj [ —h——
R, o
SN i i i " R\G-“HM ’E o
Sy LI_ g
Wash-up LL =95 U
ISP Purified
Prefiltration Clean Steam LOOp
Boiler Feed
|
[ F
<25 0C >859C
I Loop Loop
— 5
ST
o5 .
ER= M ulti-
o &
== Effect
¥ Clean room Distillation
1 Packaged
WWFI
Quality VWater
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WFI — MULTIPLE EFFECT DISTILLATION
VRS K — 2 305

| - FURE STEAM»

—
PURE I
gl STEAM Lo
oRTION
CONTROL VALVE —| —
Fmy —)
X rmuErvane ! B | e —
? AU TURE DISC @_' t | — GOMGENSOR
o | B |
[  cOMDENSATE TRAR | L[ S| | @
g DIARHRAGM VALVE (ACTUATED) | DISTILLATE
byl  NEEDLE VALVE
FIRST SECOMND THIRD
EFFECT EFFECT EFFECT
% SOLENOID YALYE @ PRESSURE TRANSMITTER
(F) PressuRE cavos
- CW OUTLET
@ CONDUCTIVITY INSTRUMENT

r—=—=:=u—=—=—= (1) TEMPERATURE INCICATOR (O]
COMOLCTITY FLOW ICICATOR
| @ e @
Ly o i
A
-
M elomoonn | ]
| cooem
[ onen I
| {wWASTE
[ ([ |

FREHEATER

T 1 |
|  mMeTERED l P |
| Eawsenn

CRTICH !

Pressure

s )

Temperature

TS
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_ %\ Bayer HealthCare
WFI — MULTIPLE EFFECT DISTILLATION f B s SRR PHATS
e et

A=<

Operating principles

Feadback 3
Cooling watar supply
Codling water return
TR
Watar for injection ElE

Plant steam 3

) Condansate ETEEEEENEEE
Water for g
mjacticon draim

Blowdown Kl ] - — -

TRAINING SESSION



WFI — MULTIPLE EFFECT DISTILLATION Q Bayer HealthCare

=/ Bayer Schering Pharma
A K — 2 30750
DISTILLATION COLUMN - EXAMPLE

AR — 2541

S

TRAINING SESSION
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WFI — MULTIPLE EFFECT DISTILLATION (.£.) Bayer HealthCare

Bayer Schering Pharma
T /K — 2 301

A

DEMISTER — EXAMPLE

[ %5 o — 253

TRAINING SESSION



Purified-water system
in BHC Beljing Plant
REHACR L] aittk RS
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l PW SYSTEM — BEIJING PLANT

Specification¥i 4%

. Capacity:
GV
. Conductivity:
R

. System:

ARG

. Storage tank:

fet ke

- TRAINING SESSION

1.5 m3/h
150/ /]NEf
< 4.3 ps/cm

1-stage RO +EDI
— R RBE+ BN

6375 K
. Material AISI 316L (orbital welded)
- ME 316L (HBIREIE)

2_\ Bayer HealthCare

Bayer Schering Pharma



PW SYSTEM — BEIJING PLANT @m Bayer HealthCare
) . =/ Bayer Schering Pharma
System diagran& 4i 7~ & K]

EDI
Drinking . -
Multilayer . . E
e filter ,?;:Ik;/c?n filter Softener  5pm filter rieating High press One stage RO
WK . e pumpE % s
e - % FZQuR) L RB
SRR ik o RO SR

s

L

Electrode
HL L AR

a

Steam heating system

RIUMARSE D—

Electrode
IRV R 3
Buffer tank with venting filter i
I 0.2um L ) Boost Cooling coil
fite AT WP L B 7 0. 260K OOSIErpUMP - yy_sterilizer VIS
02 S BN S Distribution AR
T pipe systemi

KA
TRAINING SESSION



! PW SYSTEM — BEIJING PLANT Ve

2_\ Bayer HealthCare
i/ Bayer Schering Pharma

Process #ill/KiL
 Purified Water production4ii /K il 4%

System is fed with drinkable water, then raw water passes through multi- layer

filter, active carbon filter, water softener, 5 um particle filter, one-stage RO and
finally EDI unit then produces purified water.

ARG UK HOK, fukaed 2 R ugds, mrxidigds, Bibas, SHoKidEs,
—RJIGBENE, e a e B B 2K

« Purified water storage and circulationZli /K ¢} i 72 F4E PR

Storage of the process water in a 6 m3 storage tank with heating jacket
IKAEAFA A6 377 KA i

A booster pump for the feeding and circulation of the purified water, UV light
system and heating exchanger in the loop system

TS B SN ARSI 2L K, FFAEIRIRE B AP AT SR AN LR TR AR AT ke
o

| TRAINING SESSION



. PW SYSTEM — BEIJING PLANT / Bayer HealthCare

Bayer Schering Pharma

SOPFRAEEEAE AR

e« S11-001 Operation, Maintenance and usage of Purified

water systemzifb /K R EAE, 4E47 LR

e S05-007 Monitoring of purified water system in Beljing
plant Jb 5T T.) 4li7K K48

TRAINING SESSION
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l PW SYSTEM — BEIJING PLANT

Sanitation and Monitoring ¥4 #5 A1 5

. Sanitation frequency: Monthly

. TH BRI B H

. Sanitization temperature: 80°C over 1 hour
. SRR 80— /NS

. Microbiological monitoring: weekly

. T4 B

. Physico-chemical test weekly

. SR Al BEJ

. Conductivity monitoring: online

. H S R e TEZ

- TRAINING SESSION



. PW SYSTEM — BEIJING PLANT (2_\ Bayer HealthCare

j Bayer Schering Pharma

Purified water system 2li{t/K & 4¢

Capacityfit /;: 1.5 m3/h
System#4i: one stage RO + EDI
Conductivity H1 5 % Less than 4.3 ps/cm

Circulationfi*#: 6 M3 buffer tank + booster pump + UV
light system + cooling coils

Sanitizationyi & : 80°C for 1 hour/monthly
Microbiological monitoringf#4= 4 15 : weekly
Physical & chemical test FALIAM: weekly
Conductivity monitoring 572 15l :  online

TRAINING SESSION



Thank you for your attention
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DEF: The Biofiim is a well structured matrix of bacteria I
populations bonded with each other and with a solid interface

JEX : ALY [T R [T HI T B B TE S5 2 o

AccV Exp +————— s5m
25 0kV 5076 Travertine ZF#5 Unetched Area 2

Universit a degli Studi di Bologna - Facolt a di Ingegneria - Dipartimento D.I.E.M. sezione Impianti




Scope of Thesis /%

»Analysis of a PW distribution system trough
suitable mathematical modelling for motion and
biofilm growth (bacteria) i i &3 FE B R Sk 43 Ht
Al K S HE R G i sh A AR A K

»  Fluid motion simulation inside pipes to find
possible critical points regarding biofilm growth i i

R TR [z Bk 3k AE IR AR R R BE

Universit a degli Studi di Bologna - Facolta di Ingegneria - Dipartimento D.l.E.M. sezione Impianti



Mathematical Model Z{=ZE7F/

€ Fluid Bulk 274

€ Biofilm 4%

a) Liquid Phase &7
b) Solid Phase /&7

€ Substrate JEE

Fluid Bulk Solid Phase

\

Liquid Phase

Substrate

Universit a degli Studi di Bologna - Facolta di Ingegneria - Dipartimento D.l.E.M. sezione Impianti



Fluid Bulk 277t Biofilm £#
1) Continuity 1) Volumefraction
_ £ =5 +) =1
Om=0 2672
2) Navier-Stokes 2) MassBalancefor Dissolved Species
u — _ _ _ — - agICI,i_ .
%*UEgradDIJ—VDDZU+EIP+[DI?']+[DW]=F 5 -=0(-D, (x)BC )+, i =1,..,N,
3) MassBalance 3) Growth Equation for Biofilm
d, (¢.t) . 1 . f
%+u|:|]:|ci=|:|[(Di(X)|:ﬂ:|Ci)+ri i=1,..,n dt _PSB‘SIO rst+—S|:pS
4) Growth Kinetics (Monod Type)
psBDIi
) ~ 2 2 2 r = —V_b
n=29 .+ 9% 2= 49 490 o THmicig, O
ox oy o0z ox* ody* o0z BD
rli:® ]LS Li
Y K+C;

Universit a degli Studi di Bologna - Facolt a di Ingegneria - Dipartimento D.I.E.M. sezione Macchine




Due to math reasons (solution in implicit forms) the representation is given

Growth Dynamic #7284 K

domains. fEEC7 R L, HIPIER 9 K br7s
—>Biofilm Growth Diminish Nonlinearly With PW Speed

il

0F

B0

a0

concentrazione, [mg/]
=
(]

> LE VIR ) koD

tempo, [=]

Universit a degli Studi di Bologna

LKt e AR MR R

in two

concentrazione, [mgf]

v =04 miz
v=0.7Tmis
v=10mis

1 1 1 1 1
0 2 4 B B 10
tempo, [=]

1 1 1 1
12 14 16 14 20

- Facolt a di Ingegneria - Dipartimento D.I.E.M. sezione Impianti



Model 227

40 I

| ~

) / \ -
4
g 1600 =
5 R
i
2 \/ D=1"=25.4mm
I
| R1=1%*D
<B_Z R2=4*D
- A0 T _
R2=8*D

Universit a degli Studi di Bologna - Facolta di Ingegneria - Dipartimento D.l.E.M. sezione Impianti




Simulation /7E
Results from FLUENT release 5.5 #Z¥4&

=/ 0.4 m/s EK\
"Ra 0 pum
=\/ 0.6 m/s
*Ra 0 pum
= \/ 0.8 m/s
"Ra 0 um
=\/ 1.0 m/s

Universit a degli Studi di Bologna - Facolta di Ingegneria - Dipartimento D.l.E.M. sezione Impianti



V=04m/sRa=0 um

5.03e-01
4.52e-01
4.02e-01
3.52e-01
3.02e-01
2.51e-01
2.01e-01
1.51e-01

1.01e-01

I 5.03e-02
0.00e+00

Contours of Velocity Magnitude (m/s)

Jul 09, 2003
FLUENT 5.5 (2d, segregated, S-A)
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5.03e-01
4.52e-01
4.02e-01
3.52e-01
3.02e-01
2.51e-01
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1.51e-01
1.01e-01

— I 5.032-02 -

0.00e+00

5.03e-01
C———

I 4.52e-01
4.02e-01
3.52e-01
3.02e-01
2.51e-01

2.01e-01

— 1.51e-01

1.01e-01

I 5.03e-02
0.00e+00

Contours of Velocity Magnitude (m/s)

Jul 09, 2003
FLUENT 5.5 (2d, segregated, S-A)

Contours of Velocity Magnitude {m/s)

Jul 09, 2003
FLUENT 5.5 (2d, segregated, S-A)
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V=0.8m/sRa=0 um

1.06e4+00

1.068+00 B
. — 9.50e-01
9.50e-01
8.44e-01
8.44e-01
7.39e-01
7.39e-01
6.33e-01
6.33e-01
5.28e-01
5.28e-01
4.22e-01
4.22e-01
3.17e-01
3.17e-01 ﬁ
2.11e-01
I1.069—01

1.06e-01
0.00e+00
0.00e+00
Contours of Velocity Magnitude {m/s) Jul 09, 2003

Contours of Velocity Magnitude (m/s) Jul 09, 2003 FLUENT 5.5 (2d, segregated, S-A)
FLUENT 5.5 (2d, segregated, S-A)

1.06e+00
9.50e-01
8.44e-01
7.3%e-01
6.33e-01
5.28e-01
4.22e-01
3.17e-01
2.11e-01

— I 1.06e-01

0.00e+00

Contours of Velocity Magnitude {m/s) Jul 09, 2003
FLUENT 5.5 (2d, segregated, S-A)
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v=10m/sRa=0

1.29e+00
1.17e+00
1.04e+00
9.06e-01
7.77e-01
647e-01
5.18e-01
3.88e-01

2.59e-01

I 1.29e-01
0.00e+00

Contours of Velocity Magnitude {m/s)

Jul 09, 2003
FLUENT 5.5 (2d, segregated, S-A)
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1.29e+00
1.17e+00
1.04e+00
9.06e-01
7.77e-01
647e-01
5.18e-01
3.88e-01
2.59e-01

— I 1.29e-01

0.00e+00

1.29e+00
-— 1.17e+00
1.04e400
9.06e-01
7.77e-01

6.47e-01

5.182-01

— 3.88e-01

2.59e-01

I 1.29e-01
0.00e+00

Contours of Velocity Magnitude (m/s)

Jul 09, 2003
FLUENT 5.5 (2d, segregated, S-A)

Contours of Velocity Magnitude {m/s)

Jul 09, 2003
FLUENT 5.5 (2d, segregated, S-A)
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Result £&£#&

Simulazione Fluent
Soluzione Analitica
Soluzione Teorica

summary

Concentration
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PRE TREATMENT IN BHC GARBAGNATE PLANT
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