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FILTER DESIGN SOFTWARE (FDS) FOR FILTER PROCESS SIMULATION

Steve Tarleton and Richard Wakeman
Department of Chemical Engineering, Loughborough University, Loughborough, Leics., LE11 3TU, UK.

This paper details Filter Design Software™ (FDS), new Windows® software for the selection and simulation of solid/liquid
separation equipment as well as the analysis of test data. FDS has been developed in collaboration with multi-national compa-
nies spanning a wide range of industrial sectors to provide a comprehensive calculation, education and training tool that main-
tains a balance between ease of use, level of knowledge conveyed and comprehensibility.

The selection module of the FDS compares up to 7 user-defined selection criteria with information contained in databases to
produce a numerically ranked list of potentially suitable equipment. The FDS allows access to text and pictorial descriptions of
more than 70 equipment types and hyperlinks provide more specific equipment manufacturer details via the internet.

The data analysis module facilitates interactive analysis of leaf filtration, jar sedimentation and piston press test data. Calcula-
tions are performed in a hierarchical manner using the available information, if some data are not measured then the FDS per-
forms the best possible analysis using approximations. The results of an analysis can be used to refine (shorten) a list of se-
lected equipment or provide scale-up information for equipment simulation.

The two equipment simulation modules provide calculation sequences for more than 20 types of vacuum and pressure filters,
potentially involving combinations of cake formation, compression, gas deliquoring and washing. The user is able to input
filter cycle data in their preferred units and guidance is given as to suitable numeric ranges for the type of filter being simu-
lated. Results are presented on-screen in graphical and tabular forms and a mass balance is given for the solid, liquid and dis-
solved solute components present. The results are also made available in data sheet form which can subsequently be imported
into a spreadsheet.

INTRODUCTION full set of FDS modules offers many equipment selection
The specification of filters is generally capabilities, including: e Full analysis capabilities for leaf
perfqrmed through rules-of-thumb A(or e A catalogue and explanation of the filter, jar sedimentation and
heuristics) rather than by ?pply}ng main operational and design expression test results to give the
fund.amental. theoretical r.elat10n§h1ps. features of 70+ equipment types parameters required for scale-up
Equipment is rarely specified without and a procedure for ranked and simulation of solid/liquid

recourse to extensive laboratory and
pilot scale tests, and the data produced
can lead to erroneous specification
and scale-up of separators unless care

and consistency are observed. The St

lack of a standard approach can lead

to the poor specification and sizing of i .

filters with the result that required REITEEICty SOIIEE R
production rates may not always be v v

achieved and unforeseen difficulties Equipment ||  Experimental _
arise in filter cycle operations. selection data analysis "

A \

Progressive developments have
facilitated a combined theoretical and ) ngf;e
experimental approach to the use of SEEE— 'gtg:r?it;e <> togive
computer software in filter Ranked list (f(f:s'fa‘:]g
specification and simulation [1-3]. of potentially

: . . suitable
The philosophy considers that with o e —
the present state of knowledge of Simulation of batch

. . . . & continuous filters
suspensions, and their behaviour in
separat'ors, 1t.1s most appropriate to Consult with v
have interactive computer software information | Results
that forms an integral part of an SOULCES comparison

N N (e.g. internet)

experimental program (Figure 1). i
Within this context, the Ellter Design e ol
Software (FDS) [3], designed to run and equipment
under Windows®, has been developed. ! 7

The FDS is a sequence of interlinked End End

modules that can be wused
independently from one another. The Figure 1: Flowsheet showing the integration of selection, analysis, scale-up and simulation.
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separation equipment

Comparison of data sets from a
range of tests or trials

Simulation of 20+ types of vacuum
and pressure filters

The ability to import data files
from other software (e.g.
spreadsheets)

Web access to equipment suppliers.

EQUIPMENT SELECTION
AND EQUIPMENT
CATALOGUE MODULE

The general procedure developed by

must be specified, and the Settling and
Filtration characteristics which are
optional entries. In the example, an
item in each drop down list has been
chosen indicating that experimental
data are available. If equipment
selection is performed by specifying
only the items for Duty then a longer
list of equipment is likely to result.
Choosing the “Select” command
button displays the “Selected
equipment list” box towards the top
right of the screen where the user
specifications have been compared
against the FDS database of
separation equipment. Choosing an
equipment item subsequently displays

Purchas [1], and the use of ranking
indices, provide the basic
functionality for the equipment
selection module of the FDS. Figure
2 shows a typical screen display.

When the software starts only the
“Specifications” box in the top left
hand corner of the screen is displayed.
The available entries allow the user to
select up to 7 items from drop down
lists. These define the Duty, which

the text and pictorial information
towards the bottom of the display.
Additional features of the module

functionality include:

e “Selected Equipment List”: Ranked
listing of solid-liquid separation

that
The

equipment

specifications. five

matches

the

indices

shown for each equipment type
range between 0 and 9 where the

latter indicates

best possible

- Specifications

Feed rate [m”3¢h] |5-50 =

batch -
washed solids 'I

|D1 5=
Supernatant clarity Iguud A
Sludge proportion [%] |2-20 A

|< 0.0z ‘I

Dty Operation

Obijective

Setting rate [cm/s]

Settling

Cake growth rate

Filtration el

Result

A v| Savels
il
Reset Save results Seleot

Filtration Solutions

performance. The listing can be
prioritised according to solids
dryness, liquid clarity etc. and
equipment that is a marginal choice
is noted.

e “Equipment Descriptions”: General
and detailed technical and design
information about the chosen

equipment

e “Equipment Schematic etc.”:
Schematic diagrams and
photographs of the chosen

equipment. Additional information
which can help to eliminate
equipment from the ranked list is
available as is a customisable
display of equipment suppliers.
The ability to “cut and paste” the
web address of a supplier to an on-
line browser is provided.

In addition to the Equipment Selection
procedure an Equipment Catalogue
can be accessed by the user. The
display is broadly similar to that in
Figure 2, but the FDS equipment
database is categorised according to

11 classes (e.g. continuous vaccum

i Selected equipment fist: 13 items

Waming | 1] (2

14) ]

Paiticle size [um] Solids conc. [www]

Basket [pendulum] centifuge

Circular basin thickener
aphiragm filter

Filter press

High gradient magnetic separator

Low gradient fintensity magnetic separator

Law shear crossflow microfilter

Multi- [horizontal] element leat pressure filker

Multi- [vertical] element leaf pressure filter

Multi-element leaf vacuum filter

Screen classifier 18 5100000
Single leaf (Mutsche] pressure fiter 30 1200
Tube press 26 1-200

Sort options
l—F“EnamE (1] Solid | [2) Liquid | [3] Washi [4) Crystal

. ali iU ashing st
Aphabelic drphess clarity ability breakage (3) Overal
Abandan

~ Equipment descriptions

— Equipment schematic 1

Variable volume filters and presses - general

A, family of fiters devised to handle suspensions of finer
solids that are difficutt to pump andfor fiter. Typical feeds
include suspensions of gelatinous and fibrous materials
and those particulates containing occluded liguid within an
inherent porous structure

Diaphragm filter press 1=
Typical uses Batch processing of suspensions forming
compressible fiter cakes where dry cakes andior

etficient post-trestment are required weeh
et
Pracess ratings

Solid product dryness and state: §C
Washing performance: §

Liquid product quality: & feed
Crystal breakage: 7

Foed properties o disc
Particle size range: 1-200 pm
Solicds concentration range: 0.3-30+ Swefay

These machines are similar in form and general operstion

to fiter presses. However, the plate surfaces are

modified by the addition of flexible disphragms to form
‘membrane plates'. Athough variants exist, feed pumping
operations are generally stopped after 80 % of the

required volume of fitrate has been produced. The hd

T ;o0 ST, L waetzhrs U2

cveread uaport 1o ellow sereration of merbrane piatas

fixed end plate

ane plate

LY —

Schematic

DIARHRAGM FILTER PRESS (firstoniwashingdeliquorng)

Phatograph LI il

Additional info
Larger image: I List suppliers

jad cake

[ I A |

memorane plaes

2l 8]

Figure 2: Example screen display from the Equipment Selection module of the FDS.
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filter, gravity sedimentation) and
arranged in the form of a reference
manual in order to provide education
and training.

DATA ANALYSIS MODULE
The Data Analysis module of the FDS
allows for the interactive analysis of
constant pressure and constant flow
filtration, jar sedimentation and piston
press (expression) tests. Data obtained
at the laboratory, pilot and even full
scale can be analysed in a consistent
manner to either give additional
information for equipment selection
or (by repeated use) scale-up
correlations for equipment simulation.
An example of the screen display for
filtration analysis is shown in Figure 3
whilst Figure 4 shows the screen
display during the calculation of
scale-up coefficients for cake
formation and consolidation.

Referring to Figure 3, the user is
initially required to type or select
choices in the “General Information”
box toward the top left hand corner of
the display. Descriptions for the test
to be analysed can be typed and the
Data and Unit Files selected. The Data

r General Information

File is specific to the type of analysis,
in the case of constant pressure
filtration the data is time vs.
cumulative volume of filtrate, and can
either be typed by the user or
imported from a spreadsheet as
required. The Unit File allows the user
to enter information in their preferred
units by selecting from a list. The
“Experimental Data” box is used to
enter other relevant data from a test,
including properties of the feed and
operational parameters for the test
apparatus.

Even with well conducted tests, some
of the necessary input data can be
missing yet the best possible analysis
must be done with the available
information. The FDS deals with this
situation in two ways. Firstly, when
the input data are entered they are
checked as far as is possible and if the
FDS suspects that the data may be
incorrect it warns the user or does not
accept the data. In many cases the
FDS displays a range of acceptable
values for the data as a guide to the
user. Secondly, the calculation
sequences within the FDS are
hierarchical. ~Depending on which

data are missing, a sequence of
assumptions are made in order to
carry out the calculation. After an
assumption has been made, a warning
may appear against item(s) of output
data in the “Tabulated Results” box
towards the bottom of the display.

Results of an analysis can be
displayed in either tabulated form, as
shown in the example, or graphical
forms. For each type of analysis a
“Characteristic Plot” is produced
toward the bottom right hand corner
of the display, for constant pressure
filtration this is time/volume wvs.
cumulative volume. Vertical line
cursors are used to identify the linear
region of the plot and these are
initially positioned by the FDS,
however, the user has the facility to
interact with the software and move
them as appropriate. The results of an
analysis can be saved to disc on the
computer (in spreadsheet accessible
form) and the results of several
analysis can be recalled in order to
compare and contrast results and/or
evaluate scale-up correlations for
equipment simulation as shown in
Figure 4.

 Data Sequence, Uit Preferences ele. ~ Experimental Data
 Notes — Data sequence = Unit preferences Filter diameter |7 2 &
) "Write general description here ;I time, volume Time 3 i Prassura diference 100 LPa
Eeesineny 0 - Lisuid volume s
= 9100 = . Solids density [2500 LT
Sofids  [solids description 1313'?3”00 :'te' LTS E: - Liquid density [1000 kg/m™3
-
Liquid Jiquid description ;g E‘U%UU [ - Liquid viscosity 0.001 Pas
19305280 DD EoiLEd j‘ Feed slury concentration IU 05 vol frac
— MNames L A i
152800 Lavidviscosty [Pz 7] \Wet cake mass [200 g
Data file IAnaIysls demo cpf j 127 900 . lﬁ
227'_‘ om0 Slurry concentration |val frac ¥ Ipedemes I? g
Edit| Hew 2
2701100
3191200 Sl s = a Cake depth |4 1 cm
Urit fle [ Analysis demo cpf | 371.1300 L
425,1400
ﬂl MI 4851500 Update calculation I
548, 1600 il
Resultfile  |Analpsis dema cpf ¥ | Saveds 15,1700
562,1800
7581500
536,2000 -
Reset Save esuls I Display method I J —I M‘
i~ Characteristic Plat r~ Tabulated Results
Identification of linear region Specific cake resistance 317E+09  mekg
1.00E+06 Filter medium resistance 1.38E+10  14m
Effective feed concentration  [203.1 kasm™3
‘?’ Mass dry cake/filter area 3807 ka/m*2
g e
< MAwerage cake growth rate 01547 cmdmin
H
% using mass uzing mass uzing cake
E atend at cursor depth
- Cake solids canc. [wiv] |D R79 N7 |D 130 |D Erl
ol Cake moisture content (%] |22 0 18] |72 3] |4D_3?
o 0.004 Cake wet/diy mass ratio 1290 3677
Volume of filrate [m™3) Displap warnings
- R — i< —

Figure 3: Example screen display of a constant pressure filtration analysis using the Data Analysis module of the FDS.
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- General Information  Comparison Selections
i~ Notes
Diatash Pressure Feed conc. Cake resistance Cake conc. [w/hv] Congalidation
i | atasheet hame [MFa] (] [mkg) Filiation  Consolidation  coeff. [m”2/s]
File 1 IExpeHmenH pp j |EEED | 125 | B29E+12 | 0350 | 0413 | 214E-08
[l File 2 IExpEHmEn[ 2pp j [ 16 [ 125 [1AEE+13 [ 047 [ o4r2 [ 7z6E-08
— @i (e EEE |Ewe”menl 3pp j [ 23 [ 125 [1.33EN3 [ 0am [ 0485 | 783E08
337 125 1EDE+1Z 0.438 0.433 1.04€-07
IAna\ys\s BEmals j File 4 IExpeHmenl 4dpp j | | | © I | I
File § IExpeHmenl 5 pp j [ 108 [ 125 [ 3.44E+13 | EEEE] [ osa | 1.40E07
Edit Mew
[Eedl) [ it | = | | T | T
Filename
Reset I
I Abandon I
i Data Comparisans
i K Scale-up Coefficient YWalues
Soecific cake esistance vs Pressure Coefficient 1 Coefficient 2 Carrelation
1.00E+14 1) =2 cosff [R™2)
;-‘ . Specilic cake resistance [m/kg) EE2E+11  mikakPa'c2) 0478 10,9850
E
‘§ Cake concentration, filtration [w/v] 0.209 0.091 0.9528
=
1
hod
g Cake concentration, consolidation [+/+] 0233 0,095 09896
% Consclidation coefficient (m”™2/s) T04E09 w24z kPa'c2) 0.550 10,9599
1O0E+12 4
100 100000
Pressure (kPa]
Ispecific cake resistance vs pressure j
Figure 4: Example screen display of scale-up correlations obtained from a sequence of
expression tests using the Data Analysis module of the FDS.
r~ General Information = Eycle Configuration, Unit Freferences ete. - Simulation Data
— Motes — Eycle configuration: — Wit preferences r Phase 2 T Phasze 2 T
A example simulation ﬂ Phase 1 lm Filter dimensions Im j Filter 1__Suspension | Phase 1
hd Density kg/m™3  *
Phase 2 m - — Dirum diameter 5 m
— Names hd
Phase 3 |gas deliguor = Surface tensi o = Erm et M2 "
Canfig. fle [ Config fle dema idbfr | e [ Htece tenson |7 Dium submergence 013
Edt] New] e B & asa faction - washing [022
Pure & _ Data Sequence sokicons [k <] Area fraction - gas deliquor [0.26
aua e Solute diffusivity  |m™2/s = Phase not used l—
- Pz e o = Riatational speed 0.06 radds
Unit file IUmt file demo b =] Wacuum kPa his Filter medium resistance l? 1/m ||
Edit NewI A -
2l 4 =
wash N Update calculat
. - B pdlate calculation
curve files - -
Filename A >
Resultfle | Simulation demo rdbfr | Sawe As 4
Fiotational speed |rad/s -
Reset Save results I Digplay cycle —I m' Time mn i
— Schematic mass balance r— Graphical Results
Il ph
Wash Curnulative volume of liguid vs Anale |a = j
Liquid: 1.9 0z —
Feed Cake liquid volume s angle -
Solid: 28 SRR Solid: 28 _ I =
Liquid: 5.8 ! Liquid: 1.2 2
Solute: 0.018 o SEPARATOR - Solute: 000714 T
T
5
W n
Filtrate Washings g
Liuid: 4.7 Liquidt 1.8 &
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Figure 5: Example screen display for a rotary vacuum drum filter simulation using the FDS.
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SIMULATION MODULES
Two simulation modules are
available. The Vacuum Filter module
allows simulation of Nutsche, multi-
element leaf, belt, drum, disc, table
and tilting pan filters. The Pressure
Filter module is able to simulate
single and multi element leaf filters,
diaphragm and filter presses as well as
the tube press. Figure 5 shows an
example screen display for the
simulation of a bottom fed rotary
drum filter fitted with a knife
discharge.

The “General Information” box
towards the top left hand corner of the
display is used to start a simulation
procedure. The cycle configuration is
defined here, for a vacuum filter this
may comprise combinations of cake
formation, washing and gas
deliquoring; the FDS prevents
impractical stages on particular filters,
for instance, cake washing on a rotary
disc filter. Similar to the Data
Analysis module, the Unit File allows
the user to specify their preferred
units for data entry and the default
washing model can be over-ridden by
the specification of an experimentally
measured wash curve.

The remainder of the information
required for simulation is typed by the
user in the “Simulation Data” box
toward the top right hand corner of the
display. Each “tab” corresponds to a
phase in the filter cycle or provides
facility to enter data specific to the
filter or the feed solids, liquid and
solute. The results of a simulation are
shown towards the bottom of the
display.

Some key features of the Vacuum and
Pressure filter simulation modules
include:

e Simulation of the different modes
of cake formation as determined by
the type/method of pumping used
(constant pressure, constant flow
and variable pressure/variable
flow), compression filtration/
consolidation and cake post-
treatment processes (cake washing
and cake deliquoring)

e Checking of input data — for each
required entry the FDS displays a
range of numerical values to guide
the user as to what is realistic for a
particular filter

e Where possible the simulation

calculation sequences within the
FDS are hierarchical - depending
on which data are missing, a
sequence of assumptions are made
in order to carry out the calculation

e The FDS takes account of practical
constraints, for example, the
minimum cake thickness that can
be discharged from a particular
filter

e Graphical or tabulated output of
results

e On screen display of a process
mass balance, indicating the input/
output amounts of solid, liquid, and
dissolved solute components

e The ability to save results to disk
for later recall and viewing in
spreadsheets.

CONCLUSIONS
This paper has described the principal
features of Filter Design Software.
The four integrated modules
comprising the software, which can
also be used in isolation, have been
developed to enable:

1. A selection procedure that
facilitates ranked listing and access
to on-line equipment and process
information from a knowledge of
the required duty and basic
experimental data

2. The consistent analysis of filtration,
expression and jar sedimentation
tests to allow the accurate
determination of the parameters
required for process simulation and
the basic information needed for
equipment selection

3. The detailed simulation of process
scale batch and continuous filters
involving combinations of
filtration, consolidation, washing
and deliquoring.

By doing so a number of benefits
arise, including:

1. The ability to investigate new plant
and ask ‘what-if® questions about
filter installations to facilitate
optimum equipment selection(s),
filter sizing, cycle configuration(s)
and filter operation

2. The ability to troubleshoot existing
filter installations and identify
potential solutions

3. Consistent experiment analysis to
give characterisation and scale-up
parameters

4. Unbiased information on solid/
liquid separation equipment so
appropriate manufacturers can be
approached in the early stages of
equipment selection

5. The ability to educate and train a
user in solid/liquid separation
technology.
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