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OVERVIEW - ABOUT ACFAMP

Aircraft Cartridge Filter Analysis Modelling Program (ACFAMP) is a Finite
Element Based (FEM) FORTRAN computer code designed to simulate the
hydrodynamics and design parameters for pleated filter cartridge fabrication. It allows
the user to enter the cartridge filter specifications, filtration operating conditions such
as inlet volumetric flow rates, physical properties of the fluids used in filter testing
and the filter media characteristics in order to evaluate critical parameters such as
optimal pressure drop. ACFAMP also quantifies the compression effects and
apparent losses in cartridge filtration area, which are of prime importance in cartridge

design, sizing and manufacture.
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TECHNICAL SPECIFICATIONS

1. ACFAMP is written in FORTRAN 90.

2. ACFAMP is a 2 - dimensional Porous flow and combined Free/Porous flow
simulation package. The solution scheme for ACFAMP is based on the U-V-P
finite element method. Porous flow simulation is based on Artificial
Compressibility Method whilst the combined flow simulator employs both the

Artificial Compressibility and Taylor-Hood schemes.

3. ACFAMP solves the DARCY and STOKES momentum balance equations and
the CONTINUITY equation for incompressible flow problems in the Cartesian
co-ordinate system using the Weighted Residual Standard Galerkin Finite
Element Method (WRSGFEM).

4. ACFAMP can program the solution of non-Newtonian and non-isothermal

incompressible transient and steady flow problems.

5. ACFAMP has inbuilt mathematical permeability models (based on actual

experimental test data) for different filter media.

6. ACFAMP can perform “2-D hydrodynamic simulation for a pleated
cartridge without any compression effects” and also “simulates compression
factors and apparent losses in filtration area” for a given filter cartridge.

7. Algebraic equations in ACFAMP are solved by a frontal method.

8. Post-processing files generated by ACFAMP can directly be exported to
SURFER, TECPLOT and COSMOS for purposes of visualisation.

9. AFCAMP has 23 subroutines that are directly accessible to the user and can be

easily modified depending on the modelling requirements.
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SYSTEM REQUIREMENTS & INSTALLATION

1. System Requirements (Essential)

a. The recommended hardware for the system consists of a Desktop PC
with a Pentium type processor having at least 32MB RAM. However,
we would specifically recommend a Pentium - 4 (3.2 GHz) processor
with 512 MB RAM for faster computations.

b. Microsoft Windows 95, 98, ME, NT, XP or 2000 operating system.

c. Compaq Visual Fortran 6.6 for ACFAMP compilation and

execution.

2. System Requirements (Auxiliary)

a. Installed COSMOS/M 2.6 for mesh generation and visualisation
b. Installed TECHPLOT 8.0 for visualisation.
c. Installed GOLDEN SOFTWARE SURFER for visualisation.

3. Installation Procedure

a. Make a sub-directory for ACFAMP in the main WINDOWS directory
and position the ACFAMP program with accompanying Input data
files for comprehensive cartridge filter analysis in the sub-directory.

b. Right click on the ACFAMP program and open it with COMPAQ
VISUAL FORTRAN 6.6 compiler.

C. Go to the COMPAQ VISUAL FORTRAN 6.6 main menu, click on
Build command Compile ACFAMP Execute ACFAMP
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GETTING STARTED

Working Step 1

Use the auxiliary FORTRAN program FILTERdataprep.f to prepare the information
data file containing the geometrical characteristics and operational experimental data
pertaining to a specific filter cartridge. It should be noted that approximate loss in area
factors are required for performing simulations using ACFAMP and should be

manually referred from the filter database PLEBASE.

Working Step 2

For the execution of ACFAMP three data files are the requisites

File created using the auxiliary program FILTERdataprep.f
GFM file created after the mesh generation step using COSMOS 2.6/M

Default file df.dat containing the elemental connectivity of the filter mesh

Once ACFAMP is executed it prompts the user to input the names of the three files

and thereafter the number crunching starts.

Working Step 3

The simulated results are presented in three separate files which can be directly used

for post-processing procedures,

Aerout.txt contains the data for finite element simulations in form of nodal
velocities and pressures which can be visualised in COSMOS 2.6/M,
TECHPLOT and SURFER

Excel.txt contains cartridge design parameters such as apparent losses in
filtration area, medium compression and pressure gradients inclusive and

exclusive of medium compression and loss in area effects.
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PROGRAM SUBROUTINES - HEIRARCHY

SUBROUTINES, LEVEL 1

WO R WD =

AREALOSS
CARTRIDGE
EXCELPRINT
GETELM
GETMAT
GETNOD
GFMFEM
HYDROFILTER
PLEATBC

SUBROUTINES, LEVEL 2

NNk W=

CLEAN
CONTOL
FLOW
OUTPUT
PUTBCV
SECINV
SETPRM

SUBROUTINES, LEVEL 3

NNk W=

DERIV
FRONT
GAUSSP
PERM
SHAPE
VISCA
MINIMAX

SUBROUTINES, LEVEL 4

1.

BACSUB

Called by ACFAMP
Called by ACFAMP
Called by ACFAMP
Called by ACFAMP
Called by ACFAMP
Called by ACFAMP
Called by ACFAMP
Called by ACFAMP
Called by ACFAMP

Called by HYDROFILTER
Called by HYDROFILTER
Called by HYDROFILTER
Called by HYDROFILTER
Called by HYDROFILTER
Called by HYDROFILTER
Called by HYDROFILTER

Called by FLOW
Called by FLOW
Called by FLOW
Called by FLOW
Called by FLOW
Called by FLOW

Called by OUTPUT

Called by FRONT

Please note that all the subroutines at a particular level have been listed alphabetically
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PROGRAM SUBROUTINES - FUNCTIONS

AREALOSS

BACSUB

CARTRIDGE

CLEAN

CONTOL

DERIV

EXCELPRINT

FLOW

FRONT

GAUSSP

Evaluates the loss in filtration area factor for velocity
correction and the apparent percentage loss in filtration
area at a given flow rate

Uses the Back substitution method for finding the final
solution vector

Reads the cartridge specifications such as number of
pleats, height of the filter element, length of the pleat,
diameter of the inner core, total filtration area, different
inlet flow rates, viscosity of the fluid coordinates of the
cartridge filter mesh

Cleans the arrays and prepares them for solution

Makes a check for the convergence of variables

Calculates the Jacobean matrix, the determinant of the
Jacobean matrix and global derivatives of the shape
functions used in finite element calculations

Prints the simulated pressure drop values with no
compression and no loss in area, with compression and
no loss in area, and with compression effects and loss in
filtration area; percentage compression and apparent
loss in filtering area at a given flow rate

Calculates the velocities and pressures based on finite
element method

Employs the frontal method for solving the final set
of equations

Specifies the gauss points and weights for quadrature
integration
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PROGRAM SUBROUTINES - FUNCTIONS

GETELM

GETMAT

GETNOD

GFMFEM

HYDROFILTER

ouTPUT

PERM

PLEATBC

PUTBCV

SECINV

Specifies the nodal connectivity array for every element

Reads the material parameters

Reads the coordinates of the filter mesh from the
MESH.FEM file

Generates the mesh coordinates of the filter to be used
in finite element simulations

Simulates the 2-D hydrodynamic field in a filter without
any compression and loss in area effect, with
compression effects and with compression effects and
apparent losses in filtration area

Prints the final solution in form of 2 - dimensional
velocities (x and y components) and the pressure field at
different times

Calculates the permeability of the filter cartridge media
used in analysis at different pressure drop values

Generates the inlet velocity boundary conditions for
filter cartridge simulation from the specified inlet
volumetric flow rates

Imposes the primary boundary conditions for velocity

Calculates the second invariant of rate of deformation
stress tensor, which depends on the velocity gradients
for a particular time step
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PROGRAM SUBROUTINES - FUNCTIONS

SETPRM Sets the location data for nodal degrees of freedom that
are the velocities and the pressures associated with each
node in the cartridge mesh

SHAPE Calculates the shape functions and their derivatives used
in finite element calculations

VISCA Calculates the viscosity according to the power law
model valid for shear thickening hydraulic fluids used
in aircraft filters
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aa:
actpress:
alpha:
ak:
areabase:
b:

be:

cartrid:

cg:

comfactor:

cord:
da:

del:
deltap:
deltat:
density:
detj:

di:

el:

enp:

errp:

errv:

eta:

excel:

farea:

frate:

Left hand side finite element stiffness matrix
Normalised value of nodal pressure
Time-stepping parameter

Right hand side finite element stiffness matrix
Percentage loss in area factor

Measure of Gaussian integration

Array for storing boundary constraint value
Reference ID for each filter cartridge element
Weighting functions for Gauss integration
Compression factor for filter medium

Array storing coordinate values of each nodal point
Global derivative of shape function

Local derivatives of shape function
Experimental pressure drop

Value of time step used in calculation iterations
Density of fluid used for each set of experiment

Determinant of Jacobian matrix

Diameter of inner core of the filter cartridge element

Length of pleat

Number of pleats in each filter cartridge element

Square of discrepancy between pressure values calculated in two

successive iterations

Square of discrepancy between velocity values calculated in two

successive iterations

y-coordinate in local coordinate system

Array for storing simulated values of pressure drop in each step

of calculation procedure
Filtering surface area of cartridge

Flow rate values for each experiment

10
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LIST OF PRIME VARIABLES - AFCAMP

gamad: Rate of deformation of viscous stress tensor

guessp: Pressure with compression and loss in area

hp: Height of filter cartridge element

icord: Switch for changing the coordinate system of equations
maxbc: Limit for maximum number of boundary constraints that

can be specified

maxdf: Limit for maximum number of nodal degrees of freedom
maxel: Limit for maximum number of elements in mesh

maxnp: Limit for maximum number of nodal points in mesh

maxst: Maximum dimension of finite element stiffness matrix

nbc: Total number of boundary-node constraints

ncn: Number of nodes associated with each finite element

ncod: Array for constraint switch defined for every degree of freedom
ndf: Total number of nodal degrees of freedom

ndim: Dimensions of the solution domain

nel: Total number of elements in pleated cartridge mesh

ngaus: Number of quadrature points required for Gaussian integration
nmat: Total number of fluids

nnp: Total number of nodal points in pleated cartridge mesh

node: Array for nodal connectivity of elements

ntd: Number of sets of experiment

nter: Number of solution iterations

num: Number of integration points per element

p: Finite element shape or interpolation functions

pd: Experimental pressure value for each set of data

percomp:  Percentage value of filter medium compression

permstepl: Permeability of filter medium without compression

permstep2: Permeability of filter medium with compression

permx: Permeability of the filter medium in x-direction
permy: Permeability of the filter medium in y-direction
pmat: Array storing values of physical properties of the fluid

11
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LIST OF PRIME VARIABLES - AFCAMP

power: Power law index for the fluid viscosity

press: Array for nodal pressure

pressexp:  Experimental pressure drop

rpef: Reference pressure

IT: Array for storing the elemental load vector

rtem: Reference temperature

rvisc: Consistency coefficient for viscosity of fluid

sinv: Array storing components of second invariant of rate of

deformation of stress tensor

soln: Array for storing solution values calculated by Frontal Solver
step: Stage of the calculation procedure

taco: Coefficient a in the power law model

tbco: Coefficient b in the power law model

time: Amount of time for iterations

tolv: Maximum allowable tolerance for fluctuation in velocity value
tolp: Maximum allowable tolerance for fluctuation in pressure value
vel: Array for nodal velocities

velsound:  Velocity of sound in fluid

viisc: Viscosity of fluid used for each set of experiment

visc: Updated value of viscosity according to power law model
Xg: Coordinates of Gauss quadrature points for integration
Xi: x-coordinate in local coordinate system

12
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SOLUTION ALGORITHM - AFCAMP

START

A 4

Domain Discretisation
Velocity
Pressure

4

Initialisation of
Values

oy

A 4

Physical & Material
Properties
Geometrical Data
Boundary Conditionds

A

A

Time Variable Incremented

Preprogrammed Time

Reached ? Update Rheological

Parameters

Solve Flow Equations for
Pressures and Velocities

. Yes
Print Output °

Check Convergence

A 4

» STOP

13
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PROGRAM SUBROUTINES - INTERACTIONS

A PROTOTYPE CONVENTION

Called By: Name of calling subroutine

Name of Subroutine

>

Function description A

Input: Prime input variables

Output: Prime output variables

l

Step 1
Step 2

Subroutine number in Level L1

Number of level in main program

Continued....

14
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PROGRAM SUBROUTINES - INTERACTIONS
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SUBROUTINE AREALOSS, LEVEL 1

Called By: Main Program

AREALOSS

Calculates Percentage Loss in Filtration Area

L1

Input: pressexp, actpress

Output: Areafactor

l

Variables are defined and allocated Storage

l

The percentage loss in area is calculated

l

{ End of subroutine }

15
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE CARTRIDGE, LEVEL 1

Called By: Main Program

CARTRIDGE

L1

Reads cartridge geometric and experimental data

Read the number of cartridge and File Unit 511: Cartrid
open the corresponding data file

LT
Read the cartridge operational data Variables: Farea,
from the data file density, viiisc
—

Enter geometrical data of the cartridge Variables: Enp. h
from the data file ana 3" d;lp, P;

l

{ End of subroutine }

16
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE EXCELPRINT, LEVEL 1

Called By: Main Program

EXCELPRINT

Writes output data file in MS-Excel format

L1

Open output data file

File Unit 61: excel

loss in area

Write flow rate, viscosity, experimental &
simulated pressure drop, compression factor and

Variables: fr,
viiisc, pd, excel

L=

End of subroutine

17
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE GETELM, LEVEL 1

Called By: Main Program

GETELM

data file

Reads elemental connectivity of mesh from input

L1

Opens input data file for the program

File Unit 51: filnam

______ » Read elements and corresponding Variable: node
connecting node numbers
z
Opens output data file File Unit 61: aerout
______ > Write elements and corresponding Variable: node |-

connecting node numbers

End of subroutine

18



Aircraft Cartridge Filter Analysis Modelling Program

User’s Manual

PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE GETNOD, LEVEL 1

Called By: Main Program

GETNOD

Reads nodal coordinates

L1

Opens input data file for the program

File Unit 51: filnam

Read nodes and their coordinates from
the input data file

Opens output data file

File Unit 61: aerout

Variable: cord <

Write nodes and their co-ordinates in
formatted form in aerout

End of subroutine

Variable: node |«

19
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE GETMAT, LEVEL 1

Called By: Main Program

GETMAT

L1

Reads physical property data from input data file

Opens input data file for the program File Unit 51: filnam

Variables: rvisc,
Reads physical properties of fluid pref, power, tref, €

....... > taco, tbco, ,
[~
Opens output data file File Unit 61: aerout
______ > Write physical properties in the output Variable: node |€—
data file
—

End of subroutine

20
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE HYDROFILTER, LEVEL 1

Called By: Main Program

HYDROFILTER

“Calculates Velocity and Pressure for 2-D
Cartridge Filter Using Finite Element Method”

Y

Call Subroutine : Clean L2
(Clean the array to be used in calculations)
Call Subroutine : Setprm
(Sets location data for nodal degrees of L2
freedom for velocity and pressure)
\
Call Subroutine : Putbev
(Substitutes boundary conditions in order in 1.2
the finite element working equations to be
solved)
\
Call Subroutine : Flow
(Calculates the values of velocity components and L2
pressure for each nodal point in the cartridge)
Call Subroutine : Secinv
(Calculates second invariant of rate of deformation L2
tensor)
o
{ End of subroutine }

21
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE PLEATBC, LEVEL 1

Called By: Main Program

PLEATBC

Cartridge Flow Simulations”

“Calculates boundary Conditions

for Porous

L1

Input: cord, frate, farea, areafactor

Output: vx, vy, vbe

!

Convert the flow rate in velocity frate

Variable: e

[T

Modify the original value of velocity
by loss in area factor

Variable: |
frate >

e

Y

Calculate inlet velocity boundary

Variables: vx

conditions for each boundary node (ncod =1), vy
(ncod = 2)
\Ly
Specify the value of pressure Ncod = 3
boundary condition

22
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PROGRAM SUBROUTINES - INTERACTIONS

Specify the value of Concentration Necod = 4
boundary condition
Y ) File Unit 70:
If (Step = 1) Open the input data file velbestepl
l ]
N i .
Enter the boundary conditions Variables:
in the file in order: ncod, -
Node No, Variable No., Value value
Y , _ File Unit 80:
—>| Open the input data file velbssstep3
l -
Enter the boundary conditions Variables:
in the file in order: ncod, "
Node No, Variable No., Value value

output data file of the program

¢

Write the boundary conditions in the| File Unit 60:

aerout.txt

23
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PROGRAM SUBROUTINES - INTERACTIONS

B

y

Close the datafiles

File Unit 70: velbcstep1
File Unit 80: velbsstep3

Y

End of subroutine

24
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE CLEAN, LEVEL 2

Called By: subroutine HYDROFILTER

CLEAN

“Cleans the used array variables and makes them
ready for further calculations”

L2

Assign a null value to the Variables: r1, be, ncod
components of array variables

[

[ End of Subroutine }

25
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE CONTOL, LEVEL 2

Called By: Subroutine HYDROFILTER

CONTOL

“Calculates discrepancy in values of velocity and L2
pressure obtained in two successive iterations of
calculation procedure”

Calculate the square of difference in “velocity”
values obtained in two successive iterations for
each nodal point and calculate the total error

Variable: errv

Lz

Calculate the square of difference in “pressure”
values obtained in two successive iterations for
each nodal point and calculate the total error

Variable: errp

S

[ End of Subroutine }

26
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE FLOW, LEVEL 2

Called By: Subroutine HYDROFILTER

FLOW

“Solves the governing flow equations by finite
element formulations”

Input: node, cord, pmat, sinv, pressexp, compfactor
Output: vel, press

Variables: rvisc, rpef,
power, rtem, tbco, taco,
roden, gamad

Reassign the values of physical
properties to new variables to be used
in the calculations

[
Call Subroutine : PERM L3 @
(Calculates permeability of the filter media)
pa——
Call Subroutine : GAUSSP 1.2
(Specifies Gauss Integration Points)
o

Start the calculation iterations

27
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PROGRAM SUBROUTINES - INTERACTIONS

y

) Call Subroutine: SHAPE L3
If (Tteration = 1)

(Calculates shape functions)

l B
Call Subroutine: DERIV

(Calculates derivatives of shape 1.3
functions and measure of Gaussian

integration)

l

Store the values of shape
functions, derivatives in a
temporary data file

e

File Unit 15

Read the values of shape
functions, derivatives in a
temporary data file

File Unit 15

28
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PROGRAM SUBROUTINES - INTERACTIONS

v
(®

Call Subroutine: VISCA

(Calculates viscosity of fluid by
constitutive equation)

L3

Evaluate the components of
stiffness matrices

Variables: aa, ak

L=

Evaluate the components of
elemental load vector

Variables: akf

e

Call Subroutine : FRONT

Method)

(Solves the matrices using Frontal Solver L2 @

L=

End of Subroutine

29
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE OUTPUT, LEVEL 2

Called By: Subroutine HYDROFILTER

OuTPUT

L2

“Calculates Velocity and Pressure for 2-D
Cartridge Filter Using Finite Element Method”

v

Converts the calculated pressure Variable: Actpress
in suitable units

ST

v

Write nodal values of calculated File Unit 60: | Variables: vel
velocity and pressure in output ’

data file

Call Subroutine: MINIMAX

(Calculate minimum and maximum values of L3
velocity and pressure in cartridge)

'

Write the minimum and File Unit 60: Variables: nvxm,
maximum values of velocity and ¢ txt ' nvxl, nyxm,
pressure in output data file aerout.ix nvyl, np, nm

aerout.txt actpress

L=

L

Y
[ End of Subroutine }

30
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE PUTBCV, LEVEL 2

Called By: Subroutine HYDROFILTER

PUTBCV

L2

“Arranges and imposes velocity and pressure
boundary conditions in order”

Variables: be, ncod, jbe

[ End of Subroutine 1

31
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE SECINV, LEVEL 2

Called By: Subroutine SECINV

SECINV

L2

“Calculate second invariant of rate of
deformation to be used in Subroutine VISCA”

Input: vel
Output: sinv

i

Start the calculation at Gauss integration points

'

derivatives and measure of

Read shape functions, File Unit 15

Variables: p,
del, b, da

integration from data file
i

Calculate component of components
of rate of deformation tensor

Variables: ull, ul2,
u2l. u22

!

Calculate second invariant of rate of

Variables: sinv

deformation tensor

[ End of Subroutine }

32
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE SETPRM, LEVEL 2

Called By: Subroutine HYDROFILTER

SETPRM
[13 M L2
Sets location data for nodal degrees of
freedom”
Variables: node, ndf, mdf, nopp
[ End of Subroutine }

33
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE DERIV, LEVEL 3

Called By: Subroutine FLOW

DERIV

L3

“Calculates Jacobian matrix and measure of
Gaussian Integration”

Input: p, del, cord, cg

Output:b, da
Calculate the Jacobian matrix of derivatives Variables: del,
of nodal shape functions associated with cord, node, cg
each element
L=

i

Calculate determinant value of the Jacobian matrix | Variables: cg, detj

—

y

If (Determinant <= 0) AY){ Stop the entire calculation

34



Aircraft Cartridge Filter Analysis Modelling Program User’s Manual

PROGRAM SUBROUTINES - INTERACTIONS

Calculate global derivatives of nodal shape

i L . X Variables: ¢j, detj, b
functions at Gaussian integration points

L—

Calculate measure of integration at

L . 3 Variables: cg, detj
Gaussian integration points

[ End of Subroutine 1

35
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE FRONT, LEVEL 3

Called By: Subroutine FLOW

FRONT

L3

“Solves the final set of equations by frontal
matrix solver method”

Input: aa, rr
Output: vel, press

Assemble the stiffness matrices and load Variables: aa, rr
vectors of all the elements into final mega
matrix

e

Solve the final jumbo matrix using frontal
elimination technique using diagonal pivoting

Call Subroutine: BACSUB Variables: soln,

(Back-substitution of solution values L4 solnl, vel,
into velocity component and pressure) press

End of Subroutine

36
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE GAUSSP, LEVEL 3

Called By: Subroutine FLOW

GAUSSP

L3

“Specify the Gauss points and weights for
quadrature integration”

Check the required number of integration points Variable: ngaus

Depending on the number of integration points,

specify the point coordinates and Gauss weights Variable: xg, cg

Lz

[ End of subroutine }
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE MINIMAX, LEVEL 3

Called By: Subroutine OUTPUT

MINIMAX

L3

“Calculates minimum and maximum value of
velocity and pressure”

Check values of calculated pressures
and velocities at all nodal points

Variables: vel, actpress

Calculate minimum and maximum
values of each velocity components in
the cartridge domain

Variables: nvxl, nvxm,
nvyl, nvym

Calculate minimum and maximum values
of pressures in the cartridge domain

[

Variables: np, nm

End of subroutine

38
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE PERM, LEVEL 3

Called By: Subroutine FLOW

PERM

L3

“Calculate the permeability of the filter medium”

Convert the experimental pressure drop

i the units of Pascal Variable: pressexp, deltap

Calculate the permeability value for
each step of the calculation procedure

) |

Variable: step, permx, permy

Y Calculate compression Variables:
factor and percentage compfactor,
compression percomp
L=

End of subroutine
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE SHAPE, LEVEL 3

Called By: Subroutine FLOW

SHAPE

“Calculates nodal shape functions and its derivatives”

L3

Check the number of nodes per each element

Variable: nen

Depending on the number of nodes per
element, calculate the nodal shape functions

and its local derivatives

Variables: p, del, xi, eta

e

[ End of subroutine
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE VISCA, LEVEL 3

Called By: Subroutine FLOW

VISCA

L3

“Calculates viscosity of fluid by power law equation”

Input Variables: rvisc, gamad, power
Output Variable: Visc

Calculate viscosity of fluid by power law equation

[ End of subroutine }

41
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PROGRAM SUBROUTINES - INTERACTIONS

SUBROUTINE BACSUB, LEVEL 4

Called By: Subroutine FLOW

BACSUB

L4

“Back substitution for finding final solution vector ”

Input Variables: vfix, ntotl
Output Variable: sol, soln

Back Substitute the solutions of frontal solver into velocity
components and pressure

[ End of subroutine }
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LISTING OF SOURCE CODES

1. ACFAMP
2. Auxilliary Program
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ACFAMP : Adrcraft Cartridge Filter Analysis Modelling Program
Developed by : Navraj & Hanspal & Atul N Waghode
Supervised by : Prof V.Nassehi & Prof. R.J.Wakeman

Latest Version: 23rd May, 2005

i b R R L LT T S e P TP,

Description

Projact Title: ! AEROFIL

1. The program has been developed using a windows based FORTRAN 50 compiler.

2 ﬂsmm program stores the basic data required for simulating hydrodynamics
in pleated cartridge filters.
3. This program prompts the user to input the data in form of 3 separate data files,
(a) Default data file containing nodal connectivity: "df.dat"
{b) Finite element mesh GFM file
{c) Reference cartridge ID file generated by auxilliary program "filterdataprep.£"
4. This program is virtually linked with the auxilliary program which generates the
data file containing the geometrical specifications and the physical data.
5. This is a program for the solution of non-newtonian, isothermal,incompressible fluid

flow problems in porous media using the weighted residual galerkin finite
element methad.

6. The solution scheme is based on the U-V-P method.

7. Velocity components and pressure are the prime unknewns in the flow field.

Pressure gradients inclusive and exclusive of compression and apparent
loss in filtration area effects can be determined.

9. Percentage compression and less in are are also evaluted for a given
cartridge filter specification.

10. Algebraic eguations are solved by a frontal method.

11. The program consists of a main module and subroutines.

unit contents
|||||ma| M mnzlnwym for finite element computatisnal mesh -
14 M used as a work file in the solver routine
15 w stores shape functions and their derivatives at
% "full' integration points
51 w default data file
60 W output file for documentation
Bl W output file for printing data in exeel format
511 w input data file containing cartridge characteristiec dara

aa: Left hand side finite element stiffness matrix
actpress: Normalised value of nodal pressure
alpha: Time-stepping parameter

1

nnnnnnnnnnr\nnnnnnnnqn-—;nnnnnnnnﬂnnannﬂnnnnnnnnnnnnnnnnnnr:nr:nﬂnnnnnnnnnnnnnnnnnnnano

ak:
areabase:
b

be:
cartrid:
cg
comfactor:
cord:

da:

del:
deltap:
deltat:
density:
deti:

di:

al:

enp:
BXrp:

Brrvi

eta;
excal:

farea;
frate:
gamad:
guessp:
hp:
icord:

maxbe :

maxgf:
maxel :

B
pd:
parcomp:
permstepl:
permstep?:
permk:
permy:
pmat:
power:
press:
pressexp:
rpef:

EE:

rtem:
rvisc:
sinv:

soln:
step:
taco:
theo:
time
tolv:
tolp
vel:
velcartridge:
velsound:
viisc:

visc:

xg:

xiz

Right hand side finite e¢lement stiffress matrix
Percentage loss in area factor

Measure of Gaussian integration

Array for storing boundary constraint value

Reference ID for each filter cartridge element
Weighting functions for Gauss integration

Compression factor for filter medium

Array storing coordinate values of each nodal point
Global derivative of shape function

Local derivatives of shape function

Experimental pressure drop

Value of time step used in calculation iterations
Denzity of fluid used for each set of experiment
Determinant of Jacobian matrix

Diameter of inner core of the filter cartridge element
Length of pleat

Number of pleats in each filter cartridge element
Square of discrepancy between pressure values calculated
in twoe successive iterations

Square of discrepancy between velocity values caleulated
in twe successive iterations

y-coordinate in local ceordinate system

Array for storing simulated values of pressure drop in
each step of caleulation procedure

Filtering surface area of cartridge

Flow rate values fer each experiment

Rate of deformation of viscous stress tensor

Pressure drop with compression and loss in area

Height of filter cartridge element

Switch for changing the coordinate system of
equations

Limit for maximum number o
that can be specified
Limit for maximum number of nodal degrees of freedom

Limit for maximum number of elemsnts in mesh

Limit for maximum number of nodal points in mesh

Maximum dimension of finite element stiffness matrix

Total number of boundary-node constraints

Number of nodes associated with each finite element

Array for constraint switch defined for every degres

of freedom

Total number of nodal degrees of freedom

Dimensions of the solution domain

Total number of elements in pleated cartridge mesh

Number of guadrature points required for Gaussian integration
Total number of fluids

Total number of nodal points in pleated cartridge mesh
Array for nodal connectivity of elements

Number of sets of experiment

Number of solution iterations

Nurber of integration points per element

Finite element shape or interpolation functions
Experimental pressure value for each set of data

Percentage value of filter medium compression

Permeability of filter medium without compression
Permeability of filter medium with compression

Permeability of the filter medium in x-direction
Permeability of the filter medium in y-direction

Array storing values of physical properties of the fluid
Power law index for the fluid viscosity

Array for nodal pressure

Experimental pressure drop

Reference pressure

Array for storing the elemental lead vector

Reference temperature

Consistency coefficient for viscosity of fluid

Array storing components of second invariant of rate of
deformation of stress tensor

Array for storing solution walues calculated by Frontal Solwer
Stage of the calculation procedure

Cosfficient a in the power law model

Coefficient b in the power law model

Amount of time for iterations

Maximum allowable tolerance for fluctuation in velocity walue
Maximum allowable tolerance for fluctuation in pressure value
Array for nodal velocities

Velocity of fluif through filter media

Velocity of sound in fluid

Viscosity of fluid used for each set of experiment

Updated value of viscosity according to power law model
Coordinates of Gauss guadrature points for integration
x-coordinate in local coordinate system

m

boundary constraints
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arealoss evaluates apparent percentage loss in filtration area

bacsub backsubstitution method for finding the final
solution vector

cartridge reads the cartridge specification data

clean cleans the arrays and prepares them for
solution

contol makes a check for the convergence

deriv calculates the jacobian matrix, its determinant
and global derivatives of the shape Ffunctions

excelprint prints the simulated results in excel format

flow calculates the velocities and pressures

front frontal method for solving the final set
of equations

gaussp specifies the gauss points and weights for
quadrature integration

getelm specifies the nodal connectivity array

getmat reads the input material data

getnod reads the nodal co-ordinates for cartesian
and axisymmetric systems

gfmfem generates mesh co-ordinate files

hydrofilter simulates 2-D hydrodynamics in cartridge filters

output prints the final solution

perm caleulates permeability of filter cartridge media

pleatbec generates inlet velocity and exit pressure boundary
conditions

putbcv imposes the primary boundary conditiens for
velocity

secinv calculates second invariant of rate of deformation
of stress tensor

setprm Sets the location data for nodal degrees of
freedom

shape calculates the shape functions and their
derivatives

visca calculates the viscosity

Program DarcyFILTER

parameter
parameter
parameter
barameter
parameter
parameter
parameter

{maxel = 2500 ]
(maxnp =11000 }
(maxbe = 2000 1
(maxdf = maxnp*3

(maxst = 27 )
{maxfr = 1000 1
{ndim =3 )

implicit real*s (a-h,o0-z)

Storage allocation

dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimensicn
dimensicn
dimension
dimensicn
dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimension

character
character

title ( an)

node (maxel, 27) ,pmat (maxel, 9) ,cord (maxnp, 2)
ncod  (maxdf i be (maxdf )

ibc {maxbe ydbe  (maxhe } .vbe  {maxbc i
vel (maxdf \press (maxng )

wet (maxdf spet (maxnp 1
nopp  (maxdf
aa (maxst, maxst) ,rr (maxst

i
)
rl {maxdf ) .sinv (maxel, 13)
)
)

)
=g g i}y ,cag ( 3)
D ¢ 9) ,del { 2, 9) ,b { 2, 9)
ldest (maxst } kdest (maxst ) ok [maxst ]
eq (maxfr, maxfr) ,lhed (maxfr ) khed (maxfr 1
kpiv (maxfr } Jlpiv (maxfr ) ,Jmod {(maxfr ]
ag (maxfr ) spvkol (maxfr )
md £ {maxdf ) sndn (maxdf ]
ldse (22 ) ,excal( 6)
temp  (maxnp ] sactpress{maxnp }
fr (20 ) ,velcartridge(20) ,pd (20 )
viiisc (20 ) ,areabase( 20)
*20 filnam
*20 filnaml

3

manann

a0

Opening of input and output data files

This data file contains the Humerical Parameters and Nodal Connectivity

pring », *
HIV’w**nsIﬁ*»**»‘l*.»ﬁ”**&*k’*ﬁx

print *, *

H * wn
) 15 5 s h L LS

1 " it ddEy HRARA0H o # EI b
PrAgE. ¥, -

1 i # 4 # # #o# i L # ¥
prdnt-'», =

1 % # # # # tof# AR # Ll
print *, -

1 * i # # (R R R # #F & & wRdhA oild
PrAnt e M

1 - Ay # it plRREGL 8 f# 2
print . x; "

1 x # # 4 i it # ¥ o# £
peint-*;

T i # # d##ALE 0 # # # i i L
HUann» " -
pringe ®; ¥

H * .
prEint- A

1 * May 2005 i
pring-*, *

1 * .
print *,

1 S I T S LA T T T RS A U R T )

write(*, 1101}

write(*, 1111}

write{*, 1121}

write(*; 1131)

print *, *

b Frogram Developers: N.S Hanspal and A.N. Waghode®
print *, "

1 Project Advisors: Prof. R.J. Wakeman and Prof. V. Nassehi®
pring ~, "

1 Advanced Separation Technologies Group®
print =, *

1 Department of Chemical Engineering"
print *. ¢

g Loughborough University”

print *, *

1 Loughborough, Leicestershire"

pEing *, *

1 LE11l 3TU, United Kingdom"

write(#*, 1131)

write {*, 1101)

print*, 'Enter the name of DEFAULT data file'
read(*,2000}) £ilnam

openfunit=51,File=filnam, access="'seguential', form="'formatted',
1 status="unknown", lostat=ios)

This is the output file containing the results

cpen(unit=60, file='aerout.txt', K access='sequential', form='£formatted’,
1 status="unknown", iostat=ios)

open({unit=61, file='excel.txt', access="sequential’', form='formatted"',
1 status="unknown", iostat=ios)

These are scratch files used in computation




User’s Manual

Aircraft Cartridge Filter Analysis Modelling Program

aonn

5010

5020

5030

5050

5060

5070

5080

5090

5100

5110

anon

openfunit=14, form='unformatted' 6 status='scratch', iostat=ios)
open(unit=15, form="unformatted', status='scratch',k iostat=1o0s}

Checks for opening of files

if(ios==0)then

print*, "files opened"
else

print*, "files not opened"
stop
end if

rewind 20
rewind 51
rewind &0
rewind 61

Initialize arrays

do 5010 itl = 1,maxel
do 5010 dvl = 1,27
node (itl,ivl) =0
continue
do 5020 itl = 1, maxel
do 5020 ivl = 1,8
pmat (itl,divl) = 0:0
cantinue
do 5030 itl = 1,maxnp
do 5030 ivl = 1,2
: cord (itl,ivl) = 0.0
continue
do 5050 itl = 1,maxdf
; vel (itl ) = 0.0
continua
do 5060 itl = 1, maxdf
ncod (itl) =)
rl (itl) = 0.0
be (itl) = 0.0
vet (itl) = 0.0
mdf (itl) =0
ndn (it} =y
nopp (itl) =0
continue
do 5070 itl = 1,maxnp
pet (itl) = 0.0
: press [(itl) =" 0.0
continue
do 5080 itl = 1,maxbc
ibe {itl1) =0
ibe {itl) =0
vbe {itl) = 0.0
continue
do: 5090 4itl = 1,9
del (1,4£l) = 0.0
del (2,itl) = 0.0
continue
do 5100 itl = 1,maxst
ldest (itl )} =10
kdest (itl ) =10
) nk il ) =0
continue
do 5110 itl = 1,maxfr
lhed (itl )} =10
khed (itl } =20
kpiv (il )} =0
1piv  {itl ) =0
jmod (itl )} =0
agq el ) =D
pvkel {(itl } =:0.0
do 5110 111 = 1, maxfr
eq {itl,ill)= 0.0
continue
Title of the program
5

8}

aaononnoonononon

ana

an nn no

an

nao

o0

if{inot. eof{51)) read (51,2010} title
write(60,4010) title

Element description data

if (.not. eof(51)) read (51,2020} necn ,ngaus
write(60,4020) nen ,ngaus

Mesh, boundary condition and material parameters

if (.not. eof(51)) read (51,2030) nnp ,nel ,nbc ,nmat
if {.not. eof(51)) read (51,2040) ntep ,icord

if(icord.eq.0) write(60,4030)
if(icord.eg.l) write(60,4040)

write(60,4050)

if({ntep.eg.0) ntep=1

Zz=== SSS=SS=SsSSsSsSSssssEsssssssssEs

icord=0 coordinate system is cartesian ( planar !
icord=1 ccordinate system is cylindrical (axisymmetric)

if ntep = 1 then computed result after every iteration will
be printed ;if you do not need the result of intermediate
computations choose your own ntep;the result of first and
converged solutions will always be printed.

if (nnp .eq.0 .or.nnp .gt.maxnp) then
write (60,4060}

elseif (nel .egq.0 .or.nel .gt.maxel) then
write(60,4060)

elseif (nbe .eq.0 .or.nbc .gt.maxbc) then
write(60,4060)

elseif (nmat .eq.0 .or.mmat .gt.maxel) then
write(60,4060)

print*, "the pregram is aborted"
stop

endif
write(60,4070) nnp ,nel ,nbc ,nmat
if (.not. eaf(51)) read(51,2060) tolv ,tolp
maxer=maxel

call getmat(nel,nmat, pmat, 51, 60, maxel, rtem, rpef)

Conversion of GFM file (from GEOSTAR) to MESH.FEM file

call gfmfem

Read the nodal co-erdinates from MESH.FEM file

call getnod(nnp,cord, 3, 60, maxnp, ndim, icord)
Read the Nodal Connectivity

call getelm(nel,ncn,nede,51, 60, maxer)

Read experimental data for catridge filter element ID file

areabase, xab,vab, xikl, yjkl, xfgfd, yfafd,
x1dkdid, yldkdjd, xadbd, yadbd)

B
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print *, "Total Number of Data sets for Analysis = *, ntd
do 7001 iiii=1,ntd

print *, "Loss in area facter = ", areabase(iiii)

c Flow rate (lit/min)} and corresponding loss in area factor
B e e o R R e e e e
frate =
ndata =
o] Corresponding
A S T LR e R e e s e e bl
do 6021 iel =1, nel
pmat (iel,1) = viiisc(iiid)
pmat {iel,8) = density

6021 continue

c = SSssssESsnEnzEs==msm=ssssssooooaEs

(<] Start of the time loop

- - e

{ &

< Set control parameters (default values are overwritten by input data

c if specified)

c

Q ncn number of nodes per element

c ngaus number of integration points

[~ nter maximum number of iterations for non-newtonian case

o ndim number of space dimensions in the solution domain

c

nter = §
num = 13

do 5125 iel = 1 maxel
do 5125 lg = 1,num
sinvi{iel,lg)= 0.00

5125 continue
do 5140 item= 1,maxnp
temp(item} = rtem

5140 continue

& L N e UL P = === ==

======z======

o=t HYDRODYNAMIC SIMULATION 2-D PLEAT USING COMPRESSED PERMEABILITY FOR ESTIMATION OF COMPRES

SION FACTORS

call pleatbe
1 (Erate, farea, nbe, ibe, jbo, vbe, maxbe, maxnp, ndim, cord, step,
2 areafactor, xab, yab, xjkl,yikl, xfgfd, yfafd, x1dkdid, yldkdid,
3 xadbd, yadbd)

call hydrofilter
1l {nter,ndata,deltat, icho, nnp, nen,nel , maxel, maxst, maxdf, be, ncod,
rl,node, ndn, ntrix, mdf, nopp, nbe, ibe, jbe, vbe, maxbe, cord, step,
pmat, vel, press, temp, ldest, kdest, nk, eq, lhed, khed, kpiv, ntep,
lpiv, jmod, gg, pvkol, ngaus, p,del, b, max£r, ndim, aa, xg, da, num,
icord, rr,alpha, sinv, maxnp, actpress, errov, errop, vet, pet,
comfactor, percomp, pressexp, permstepl, permstep?, velcartridge,

areabase,density, excel)

A R

call excelprint (iiii, excel, fr, pd, wviiise)

7001 end do

close(unit = 1)
close(unit = 2}
close(unit = i)
closeflunit = 14}

closeiunit = 15)
close(unit = 20)
close(unit = 51)
close(unit = 61)
close{unit = 70)
close (unit = 511}

= = - TTi P

(o} print statements

F memen B T S e

110t formak(' *,/)

1111 format (/' ACFAMP calcualtes percentage compression of the
lpermeable media ', /' and predicts pressure drop across pleated
lcartridge filters ', /' including effects of compression and losses
1 in effective filtration area')

1121  format(" ', 2(/})

u.u-wu. MDHI_..:WW_"__ AR AL R R R R R e R R S R RS S AR R R R R RS
F*!**n***ﬂ*5l1k50$‘w

c z====zz=== m=smssosososmcosossosossssososssoscssssssssssssssss=ss

(=i Read statements

e === == ====

[

2000 format (a)

2010 format (BOa)

2020 format (215}

2030 format (415)

2040 format(2i5)

2050 format(2£10.0)

2060 format{3£10.5)

&

po 5 ~

[a] Write statements

e o e e L A G o o S iy i e e S

4010, format (! B Y Y 20K G0 E) Y O e S8, VAL
1* ', 20%,'*',' A two dimensional finite element model of & ',
L A 20x,'*',' non-newtonian isothermal flow using ',

3205 "Wy Y30k, tA Y the UVE method, ), 39, RN 00 20, R
S98a, Wl O GO AN 2080 (e VY Y 200 B0
620x,80('-'),/4/)

o

4020 format(' ',20x,3('['})," element description data',10('."},/
125x, 'no.of nodes per element =T 0
225x, 'no.of integration points =1L
341D

2

4030 format (' ¥** poordinate system is cartesian {planar) **%')

4040 format('*** coordinate system is cylindrical {axisymmetric) *¥#'}

4050 format{' ')

4060 format(' *,10('["),'input data unacceptable',10({'1'})///)

(=

4070 format{' ',20x,3{ ), mesh description data ', 10('.'},/
125x, 'no.of nodal points LA o o
225%, 'no.of elements =',;110,/

125%, 'no.of nodal constraints on boundary =, a1, f
425x%, 'no.of different materials =",110,/4)

o]

4080 format(///'TIME STEP no.', i5,//)

c4100 format({i5,2el3.4)

cdl1l0 formati{5eli.d)

o

c m=m====s=szc=z=z===z=z=s=====zzo== s=zz===szss=s==s=sssss=s===
end program

P - 2 o N 1 DO SO RO SO - e

c Soomosmss=ssscsoocoocoosss—ssssoossossssssssssoossssossoossossosoossssssos

c a n d a £ D fn a a 3 a m

I i I e e R - S SR < e

ot

c

c

4

©

e S o et

3 START OF SUBRQUINTES

T o e——————

¢  ===mmm=== =======s===s==ss====== ========sss====

subroutine gaussp(ngaus,xg,cg)

c

implicit double precision{a-h,o-z)
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x(g) ubwn%m%mm the coordinates of the Gauss points
clgl specifies the Gauss weights

dimension xg(3),cg(3)

if (ngaus.eqg.l) then

xg (1)=0.0

cg(l)=2.0
elseif(ngaus.eqg.2) then
xg(l) = 0,57735026919400
xg(2} = -xg(1)

cg{l) = 1.00

cg(2) = 1.00

else

®xg(l} = 0.77459666924d400
xg(2) = 0.0

xg(3) = -xg(l)

cg(l) = 0.55555555556d00
cg(2) = 0.B88BEAREEASA00
cg(3) = cgl1)

endif
return
end

subroutine shape ( xi , eta , p ,del , nen )
implicit double precision {a-h,o-z}

DIMENSION p(9) ,del(2,3)

if (ncn.eg.4) then
del{l,1}=-0.25*(1-eta}
del{l,2}= 0.25*(l-eta)
del(l,3)= 0.25%(l+eta)
del(l,4)=-0.25*({1l+eta)
del(2,1)=-0.25*(1-xi}
del (2,2)=-0.25*(1+xi)
del(2,3)= 0.25%(1+xi)
del(2,4)= 0.25%(1-x1i)

Lo S s L

p(1)=0.25%{1-xi}*(1-eta)
D(2)=0.25%(1+xi)* (1-eta)
p{3)=0.25%{1+xi)*{1+eta}
pi4)=0.25%(1-xi)*(1l+eta)

elgeif (ncn.eq.8) then
del(1l,1)=0.5*x1i-0.5%xi*eta-0.25%eta**2+0.25%ata
del(l,2)=0.5*xi-0.5*xi*eta+0.25%eta**2-0.25%eta
del(l,3)=0.5*xi+0.5*xi*eta+0.25%ata**2+0.25%eta
del{l,4}=0.5*xi+0.5*xi*eta-0.25%eta*+*2-0.25*%eta
del(l,5)=xi*(-1+eta)
del(1,6)=0.5-0.5%etar*2
del(1,7)=-xi*(1l+eta)
del(l,8)=-0.5+0.5*%ata**2

e v R e A R

del(2,1)=0.5*eta-0.25*xi**2-0.5*xi*eta+0.25%1

del{2,2)=0.5%eta-0.25*xi**2+0.5%eta*xi-0.25%%1

del({2,3)=0.5%eta+0.25*xi**240,5%xi *eta+,25%x1i

del(2,4)=0.5%eta+0.25*xi**2-0.5%xi *ata-0.25%xi

del(2,5)=-0.5+0.5%xi**2

del(2,6)=-(1+xi) *eta

del(2,7)=0.5-0.5*%xi**2

del(2,8)=(-1+xi) *eta

pil)=0.25%({1-xi)*(l-eta)*{-l-xi*eta)

p(2)=0.25%(1+xi)*(l-eta)* (-1+xi-eta)

p(3)=0.25%(1+xi)*(14eta)* (-1l+xiteta)

p(4)=0.25%(1-xi)}*(1+eta)* (-1-xi+eta}

P(5)=0.5"(1-xi**2)*(l-eta)

P(6)=0.5%(1+xi)*(1-eta**2)

P(71=0.5*({1-xi**2)*[1l+eta)

PIB)=0.5%(1-xi)*(l-eta*+2)

elseif (ncn.eq.9) then

del(l,1)=0.25*(2*xi-1)*(eta**2-eta)
del(l,2)= -xi*(eta**2-gta)
del(l,3}=0.25*%(2*xi+1)*(eta**2-eta)
del(l,4}=0.5 *(2*xi+l)*(l-eta**2)
del(l,5)=0.25*(2*xi+1}* (eta**2+eta)
del{l,6)=-xi *{eta**2+eta)
del(l,7)=0.25*{2*xi-1) *{eta**2+eta)
del(1,8)=0.5 *{2*xi-1)*({l-eta**2)

c

S

no

6020
6010

3010

6030

nno

nnno

del(l,9)=-2 “*xi*{l-agar*2)

del(2,1)=0.25* (xi**J-xi}*(2%ata-1)
del(2,2)=0.5 *(1-xi**2)*(2*eta-1)
del (2,3)=0.25% (xi**2+xi) *(2*eta-1)
del(2,4)=—eta® (xi**2+xi)

del (2,5)=0.25% (xi**24xi) *(2*eta+1)
del(2,6)=0.5 *{1-xi**2)*(2%eta+l)
del(2,7)=0.25% (xi**2-xi) * (2*eta+l)
del(2,8)=-eta* (xi**2-xi)
del(2,9)=-2 *eta%(l-xi**2)
P(1)=0.25*%(xi**2-xi) * (eta**2-eta)
pl2)=0.5%(1-xi**2] % (eta**2-eta)
P(3)=0.25*(xi**2+xi)* (eta**2-ata)
P(4)=0.5* (xi**Z4xi)* (1-eta**2)
p{5}=0.25% {xi**2+xi)* (eta**2+ata)
p(6}=0.5%(1-%i**2)* {ata**2+eta)
Pp{7)=0.25% [xi**2-xi)* (eta**2+eta)
pl8)=0.5" (xi**2-xi)* (1-eta*¥2)
Pl9)={l-xi**2)*(l-eta**2)

endif
return
end

subroutine deriv
I {iel ,igy Pl 5 o} del ,b ,nen ,da ol ] (node,
2 cord ,maxel,maxnp, maxst)

implicit double precision{a-h,o-z)
dimension p(9),b{2,9),del(2,9),cq{3),ci(2,2),0ji(2,2)
dimension node(maxel,27},cord(maxnp,2)

QOmﬁ.Hcmuu:
do 6010 1=
gash=0.0

do 6020 k=1,nen

a=iabs (node(iel, k))

gash=gash + del(j,k)*cord{a,l)

cj{i,1)=gash

detj=ciil,1)*ci(2,2)- ci{l,2)*%ci(2,1)

if(detj.le.0.0) then

write(60,3010) iel,det]

format (lx ,' BError: Zere or Negative Jacobian. ', 16,g20.5)
stop

endif

2
2

€jifl, 1) = ej(2:2) / det]
c€3i(1,2) =-ej{1,2} / detj
cji(2,1) =-eji2,1) / detj
ejif2,2) = cj(1,1) / detj

do 6030 j=1,2

do 6030 1=1,ncn

b(j,1)=0.0

do 6030 k=1,2

bii.1} = b(i,1) + ciiid, k) * delik,1)

da= detj*cg(ig}*cgiig)

raturn
end

subroutine front

1 {aa KL yiel  ,nep  ,maxel,maxst,ldest,kdest,nk (maxfr,
2 eq +lhed ,khed ,kpiv ,lpiv ,dimed ,qg (pvkel,vel ,rl "
3 necod |, be ynopp ,mdf  ,ndn  maxdf,nel ,maxte,ntov ,lcol
4 nell ,ntra, press )

Frontal elimination routine using diagonal pivoting

implicit double precision({a-h,o-z)

dimension aa {maxst,maxst) ,rr [maxst)
dimension nop (maxel,maxst)
dimension ldest(maxst) kdest (maxst) ink (maxst)
dimension eq (maxfr maxfr) ,lhed (maxfr)  khed (maxfr)
dimension kpiv (maxfr) JAlpiv (maxfr)

10
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nnn

00

nnan

6030
6020

6010

e
6040

6050
6060

6070

nnann

6090
6100

UIMENS10n Jmod (maxtr) . g {maxfr)
dimension vel (maxte) ' xl (maxdf)
dimension be (maxdf) ynopp  (maxdf)
dimension ndn (maxdf} s Press (maxdf)

pvko
yncod
ymdf

1 (maxfr)
{maxdf)
{maxdf)

nlp and ndl are the file specifiers for units 60 and 14 respectively

nlp=60
ndl=14

Prefront

nmax=maxfr

neric=20

nlarg=maxfr-10
if(iel.eq.1}) nell 1}
if{iel.eq.l) ntra 1
if (ntra.eq.0) goto 6040
nmax = maxfr

ntra = 0
ncrit = 20
lfron = 0

nlarg = nmax-10

L [}

Find last appeareance of each node

nlast = 0

do 6010 1 = 1,ntov
do B020 n = 1,nel
jdn = ndn(n})

do 6030 1 = 1,jdn

if(nop(n,1) .ne.ijgo to 6030
nlastl = n

nlast = n

1L = 1

continue

continue

if (nlast.eqg.0) go to &010
nop({nlast,11) = -nopinlast,11)
nlast = 0

continue

ntrix = jdn

Assembly

continue

if (iel.gt.1) go to 6060
lcal = 0

do 6050 i =
do E6050 3 =
eq(i,i) = 0.
continue

1, nmax
1, nmax

nn = napln,
m iabs(nn)

k = nopp(m}

idf = mdf (m)

rl{m) = rr{j)+rlim)
do 6070 1 = 1,idf
ko = ko+l

continue

Set up heading vectors

do 6080 1k = 1,kc

nade = nk(lk)

if (lcol.eg.0)goto 6100

do 6090 1 = 1,1col

11 =1

if (iabs(node).eg.iabs(lhed{l)})go to 6110
continue

lcol = lcol+l

ldest (1k) = lecol

11

6110
6080

6130

6160

6180
6170
6190

6200

6220
6210

(¢}

00

c
c6230

lhed(lcol) = node

go to 6080

ldest({lk) = 11

lhed{ll) = node

continue

ifileel.le.nmax)ge to 6130
nerror = 2
write{nlp,3010)nerror

stop

continue

do 6140 1 = 1,ke

11 = ldest{l)

do 6140 k¥ = 1, kc

kk = ldest (k)

eqlkk,11) = egikk,1l)+aa(k,1)
continue
if(lcol.lt.ncrit.and.nell.lt.nel) return

Find out which matrix elements are fully assembeled

le = 0

Ir-=0

do 6160 1 = 1,1col

kt = lhed(l)
if(kt.ge.0)go to 6160
lo = 1+l

lpivile} = 1

kro = iabs(kt}

if (neod(kro) .ne.l)go to 6160
ir = ir+l

jmod (ir) = 1

need (kro) = 2

rlfkro) = bec(lkro)

continue

Modify equations with applied boundary conditions

if{ir.eq.0)go ta 6190
do 6170 irr = 1,ir

k = jmod(irr)

kh = iabs{lhed(k))

do 6180 1 = 1,1col
eqik, 1) = 0.

1h = iabs(lhed(l})
if({lh.eq.kh)eq(k,1) = 1.
continue

continue

continue

if(le.gt.0)go to 6200
ncrit = nerit+10
write(nlp, 3020)ncrit
if(ncrit.le.nlarg) return
nerror = 3
write(nlp,3030)nerror
stop

continue

Search for absolute pivot

piveot = 0.

do 6210 1 = 1,1¢c
lpive = lpiwv(l)
kpivr = lpive

piva = eqgikpivr,lpivc}
if(absipiva) .1lt.abs (pivot)igo to 6220
pivot = piva

lpiveo = lpive

kpivro = kpivr

continue

continue

if(pivet.eq.0.0) return

Normalise pivotal row
iabs(lhed{lpivco)})
lea

if{nit.eq.0.or.npra.eq.0)go to 6230
continue

if(abs (pivot).lt.0.1d-28) write(nlp, 3050}
do 6240 1 = 1,1col

12
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6240

3

6260
6270

6280
6290
6250
6300

6320
6330

6340
6350
6310
6360

6370

6380
6390

na

cE400

qaill) = eglkpivro,1)/pivot

continue
rhs = rl(kro}/pivot
rl(kro) = rhs

pvkol (kpivro) = pivot

Eliminate then delete pivatal row and column
if (kpivro.eqg.l)go to 6300
kpivr = kpivro-1

do 6250 k = 1,kpivr

krw = iabs(lhed(k)}

fac = eqlk, lpivco)

pvkol (k} = fac
if(lpivco.eq.l.or.fac.eq.0.)go to 6270
lpive = lpivco-1

do 6260 1 = 1,1pive

eqlk,1l) = eq(k,1)-fac*gg(l)
continue

if (lpivco.eq.lcol)ge to 6290
lpive = lpivco+l

do 6280 1 = 1pive, lcol
eq(k,1-1} = eqg(k,1l)-fac*qq(l)
continue

rl(kxw) = rl(krw)-fac*rhs
continue

if (kpivro.eq.lcol)go te 6360
kpivr = kpivro+l

do 6310 k = kpivr,lecol

krw = iabs{lhed(k))

fac = eqg(k, lpivco)

pvkol (k) = fac

if (lpivco.eqg.1l)go to 6330
lpive = lpiveo-1

do 6320 1 = 1,1pive

eq(k-1,1) = eqtk,l)-fac*qg(l)
continue
if(lpivco.eq.lcollgo to 6350
lpive = lpiveo+l

do 6340 1 = lpive,leol
eq(k-1,1-1) = eq(k,l}-fac*gg{l}
continue

rl{krw} = rl(krw)-fac*rhs
continue

continue

Write pivotal equation on disc

write(ndl) kro,lcol,lpivco, (lhed(1),qq(l),1 = 1,1lcol)
do 6370 1 = 1,1col

eq(l, lcol) 0.

eq(lecol, 1) 0.

conkinus

Rearrange heading vectors

lcol = leol-1
if(lpivco.eq.lcol+l)ge to 6390
do 6380 1 = lpiwvco,lcol
lhed(1) = lhed{l+1)

continue

continue

Determine whether to assemble,eliminate,or backsubstitute

if(lcol.gt.ncrit)go ta 6150
if({nell,lt.nel) return
if{lcol.gt.l)go to 6150

leo = iabs(lhed(1))

kpivro = 1
pivet = eqfl, 1)
kro = lco
lpiveo = 1
qg{l) = 1.

if(nit.eqg.0.or.npra.eq.0)go to 6400
write{nlp, 3040} lco, kro, pivot

if{abs(pivet).lt.1d-28)ge to 6410

continue

13

rl{kro) = rlikro)/pivat
write{ndl) kro,lcol, lpiveo, lhedil),qg(l}

start back-substitution

non

call bacsub
N E (ntov ,nced ,bc X1 ,vel ,press, maxfr,gg +lhed , ndl}

<
€ main exit with solution
{4

6410 continue

(=4
3010 format{/' mnerror=' 6 i5//
1 % the difference nmax-ncrit is not sufficiently large'
1/' to permit the assembly of the next element---°
1/' either increase nmax or lower ncrit’
1/)
€3020 format(' <frontwidth value=',id)
3030 format{/' nerror=',i5//

1 ' there are no more rows fully summed,this may be due to---'
1/ ({llincorrect coding of nop or nk arrays’

1/" (2)incorrect value of ncrit. increase ncrit to permit’

T whole front to be assembled’

1/)

nwopcmoHEWnprruw<0nmwnosu,wp.wmsbw¢0nmpncwcanu‘»h.qs uw<cnn_mmc.pc
c 1)

3050 format(' warning-matrix singular or ill econditioned')

return
end
e
¢ S=ss==szz=========
subroutine bacsub
1 (ntotl, ifix ,vfix ,rhs  soln ,solnl, mfrnt,rwork, iwork, idv2
{+4
o
implicit double precision{a-h,o-z)
dimension ifix (ntotl),vfix (ntotl),rhs (ntotl),soln (ntotl)
dimension rwork(mfrnt) ,iwork(mfrnt) ,solnl(ntotl/3)
-]
c
c
do 6010 ipos=1,ntotl
soln(ipos}) =0.0
if{ifix(ipos) .ne.0) soln{ipos)=vEix(ipos)
6010 cantinue
do 6020 kpos=1,ntotl
c
backspace idv2
read(idv2) ipos, ifrnt,jfrnt, (iwork (k) , rwork (k}, k=1, ifrnt)
backspace idv2
[ &4
if({ifix(ipos).ne.0) go to 6020
c
W = 0.0
rworkijfent) = 0.0
c
do 6030 k=1,ifrnt
Jpos=iabs {iwork (k)
ww  =ww - rwork(k)*soln{jpos)
6030 continue
[+

soln (ipos)=rhs(ipos)+ww
6020 continue

do 6040 ipos {(2*ntotl} /3)+1 , ntetl
i ipos -{12*ntotl)/3)

3
solnl{j) = soln(ipos)

non

6040 continue

return
end

nn

subroutine flow(iit,node,cord ,pmat ,nopp ,mdf ,ndn ,ncod Jbo L vel
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n 0 nan

onNonn

6010

‘opLess, T., Temp; laest,kdest,nk ,eq ,lhed ,khed | kpiv ,1piv,
2jmed, qg, pvkel, iter ,nel ,ncn , ngaus, p, del, b, ntrix, maxel,
Imaxnp, maxst, maxfr, maxdf ,ndim ,aa ,xg ,da ,ntov ,num, icoxd,
4rr, iel, deltat,alpha, idvd, sinv,nnp, step, permx, permy, guessp,
Scomfactor, percomp, permstepl, permstep2)

implicit double precision{a-h,o-z)

dimension node (maxel,maxst),pmat (maxel, %) cord (maxnp, ndim)

dimensien ncod (maxdf be (maxdf Jisinv (maxel, 13

dimension vel (nnp, ndi y ¥l (maxdf )

dimensicn aa (maxst, maxst), rr (maxst )i ldest (maxst 1

dimension xg { { 3}, kdest (maxst )

dimension x { { 2),nk [maxst )

dimension bicn { (8 2)

dimension p { { 2, g8, b { 2, 9)

dimension eg (maxfr, maxfr) (maxdf |

dimension ldsc |

dimension lhed (maxfr (maxfr ), jmod {(maxfr }

dimension lpiv (maxfr (maxfr }iqg (maxfr )

dimension pvkol (maxfr (maxdf J.ndn  (maxdf ]

dimension ppp (9 : 9).pp {9 }

dimension ak {maxst,maxst),akf (maxst }

dimension NQ (4] ; 9}, NP {3 . 4

dimension C© ({maxst ) temp {(maxnp ]

dimension press(maxnp ) SHAPELD(3 )

dimension gdsf | 2, )

dimension dmass(maxst,maxst)
rvisc = pmat(iel, 1)
rpef = pma el,2)
power = pmat(iel,3)
rtem = pmat{iel,d)
thco = pmat{iel,5)
tace = pmat(iel,s)
roden = pmat{iel, B}
gamad = pmat({iel,9)

velsound = 1150.0

call perm
listep, permx, permy, guessp, comfactor, percomp, permstepl, permstep?)

i£{iit == 1) then
permstepl = permx
permstep? = permstepl

else if {iit.gt.l) then
permstep? = permx

end if
percomp = (permstepl-permstep2)*100/permstepl
if{iel == 1) then

print *, "permstepl = ", permstepl

print *, "permstep2 = ", permstep2

print *, "permcomp = *, percomp
end if

do 6010 idf= 1,ntrix

ry (1idf) = 0.0
akf(idE} = 0.0
o S B . L = 0.0

do 6010 jdf= 1, ntrix
aa (1df, jdf)=0.0
dmass (idf, jdf)=0.0
ak {id£f, jdf)=0.0
continue

call gaussp{ngaus,xg,cg)

1g=0
do 6020 ig=1,ngaus
g = xglig)
do 6020 jg=1,ngaus
h = xg{jg)
15

nan

5333

nnn

6050

6060

noaono

lg = 1g + 1
if(iter.eq.l) then

call shape (g,h,p,del,ncn)

call deriv (iel,ig,jg,p,del,b, nen,da, cg, node, cord,
1 maxel , maxnp, maxst)

iig=ig

Jjg=ig

write{15) iel ,ig wig +p ,del ,b ,da

else

if{.not. EOF(15))read(15) iel,iiqg,ijg,p ,del ,b , da

endif

calculation of viscosity based on the constitutive equation.

spress =
stemp =

oo

0.
0.

do 5333 ip = 1, nen

jp = iabs(node(iel,ip))
continus

epsii = 1.d-10

gamad = sinviiel, lqg}
if{srate.lt.epsii) srate = epsii

call visca

l({rvisc,power, visc, stemp, rtem, theo, spress, rpef, taco, gamad)

prepration of the convective acceleration terms/balancing

dissipation is used

do 6050 idff= 1,2

*(idEf) = 0.0

v{id£E) = 0.0

hh{idEf) = 0.0

continue
do 6060 icn = 1 ,ncn

jen = iabs{node(iel, icn})

do 6060 idff=1 , 2
x(idff) = x[idff) + plicn)*cord(jcn,idff)
v{idEff) = v{idff) + p(icn)*vel (jcn,idff}
continue

if(icord.eq.1) then
modify da for axisymmetric computations.
da = da * x(1)
endif
column indes
do 6070 i=1,ncn
ji1= i

312= i + nen
J13= i + 2*nen

do 6070 j=1,nen
j2l= 3
322= j + ncn
§23= j + 2*nen

Stiffness Matrix of Left Hand Sid
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For Transient state (Cartesian co-ordinate system)

aa(jll,j21}=aa(§11,421)
1
2
aa{jll,j22)=aa(j11,422)
aa(j1l,3j23)=aa(jll, j23)

aa(jl2,j2l)=aa{jlz,321})

aa(jl2,322)=aa(412,j22)

5
6

aa(jlz,323)=aa(jl2, §23)

aa(j13,321)=aa (313,521}

1

aa(3jl3,j22)=aa({§13,322)

1

aa(il3,j23}=aa{jl3, j23)

¥

+

+*

pli)*p(j) *da
{alpha*deltat*visc*p(i)*p(J)*da)
/ (roden*permx)

0.0

alpha*deltat*b(l,i)*p(q)*da

(i) *pli)*da
(alpha*deltat*visc*p(i)*p() *da)
/ {roden*permy)

alpha*deltat*b(2,i) *p(i)*da

alpha*deltat*velsound*velsound*
pli)*b(1,7)*da

alpha*deltat*velsound*velsound*
p{i)*b{2, j)*da

pli}*pli)*da

For Transient state (Cartesian co-ordinate system)

ak(jll, j21)=ak(j11,321)

1
2

i
2

X

&

ak (311,322) =ak(j11,322)

ak(j11,323)=ak(j11,5423)

ak (j12,921)=ak{jlz, j21)

ak{jlz,j22)=ak(j12,422)

ak({j12,323)=ak(j12,323)

ak(jl3,421)=ak({j13,321)

ak(j13,922)=ak(313;322)

+

p(i)*p(])*da
({l.0-alpha)*deltat*visc*p(i)*p(i)*da}
/ {reden*perm:)

0.0

{1.0-alpha) *deltat*b{l,i)*p{i) *da

p(i)*pli)*da
{{1.0-alpha)*deltat*visc*p(i)*p(]} *da}
/{reden*permy)

{1.0-alpha) *deltat*k{2,1i)*p(j) *da

{1.0-alpha) *deltat*velsound*velsound*
p{i)*b(1l,j)*da

(1.0-alpha)*deltat*velsound*velsound*
pi(i)*b(2,3)*da

17

6070
6020

nnaon

G080

an

6085

no

ann

ak(413,423)=ak(413,323) + p(i)*p(q)*da

continue
continue
For Transient State (Cartesian Co-ordinate System)
Term one on RHS is evaluated
do 6080 i=1,ncn
JLd=-3
jl2= i + nen
jli= 4 + 2%necn
do 6080 j=1,ncn
321= 4
j22= j + nen
j23= j + Z*nen
nn=iabs{node(iel, i} )
akf(j11)=akf(§11) + ak(§11,321)*vel(nn, 1) +
i ak(j11,322) *vel(nn,2) +
2 ak{jl1,323) *press(nn)
akf{3j12)=akEf(j12) + ak{j12,421)*velinn, 1} +
1 ak(ql2,322) *velinn,2) +
2 ak(312,323)*press (nn)
ak£(jl3)=akf(j13) + ak{ild,j21)*vel{nn,1) +
1 ak{j13,322)*veli{nn,2) +
2 ak{jll, 323) *press(nn)
cantinue
Evaluation of Elemental Load Vector

do 6085 i=1,ncn
j12= i # ncn
j13= i + 2*ncn
For Transient State (Cartesian Co-ordinate System)
re{jll}=akf(j11)+C{411)
rr{ijl2)=akf(j12y+C(j12}
rr{jl3)=akf(j13)+C({j13)

continue

maxte=maxdf

call front

1{aa »IT +iel ,node ,maxel;maxst;ldest,kdest,nk ymaxfr
2,84 +l1hed ,khed ,kpiv ,lpiv ,djmod ,qg ypvkol,vel ,ril
3,ncod ,bc snopp ,mdf  ,ndn ,maxdf,nel ,maxte,ntov ,lcol

4,nell ,ntra, press )

return
end

subroutine getnod (nnp ,cord ,idvll ,idv2 ,maxnp, ndim, icord)

implicit double precision(a-h,o-z}

arguments
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napnnn

c
c

naoaananan o

(3]

6010

6020
]

c
1010
3010
aozo
x,

e

n

nononoAnnNaonnn N

n

nnp total number of nodal points in the mesh
cord array for nodal coordinates

idvll input device id. == MESH.FEM file

idv2 output device id.

ndim See below

dimension cord(maxnp, ndim)
rewind (3)

if (.NOT. EOF{3)) read (3,1010) tinp , {cord{inp, idf), idf=1,2)

e . Jnp=1, nnp)

if (icord.eq.0) write{idv2,3010)
if(icord.eqg.1) write(idv2, 3020)
write(idv2,3030) (jnp , (cord{jnp,idf),idf=1,2) ,jnp=1,nnp)

return

format (i5
format

g20.8,920.8)
GHEEY 200 %), Y nodal coordinates ', 200w

vl

1 ', (T, 'id. ', 13x, 'x-coord’, 13x, 'y-coord', 20%) /)

3020 format(' ', ///" ',20{'*'),' nodal coordinates b ol T A5
L', 2(7=, '4d/ " Tx, ‘r-coord’ , Tx, 'z-coord!, 20x) /)

3030 formatf{' ',il0,10x,£10.6,10x,£f10.6)

C

1
1

1

end

subroutine getelm (nel ,non ,nede ,idvl ,idv2 ,maxel}
implicit double precision(a-h,o-z}

arguments

nen number of nodes per element

node array for element connectivity data
idvl input device id.

idv2 cutput device id.

maxel see below

dimension node (maxel, ncn}

do 6010 iel = 1 ,nel
if {.not. eof{S5l))read (idvl,1010) iel , (nede(iel,icn},icn=1,necn)
print*, 'nodal connectivity array read"
write(idvz, 3010)
do 6020 jel = 1 ,nel
write(idv2, 3020) jel , (node(jel,ien),ien=1,ncn)

return

formac (10i8)

format{' ',/ /4,0 rp200re), " elemerit connectivity ', 20({'%'},//
' Yy'ddo'wEx,'nodal-point entrieas', )

format (15, 5x, i5, 5x, 45, 5x,15, 5%, 45, 5x,15, 5%, 15, 5x, 15, 5x, i5, 5x,
is)

end

mﬂﬁﬂoﬁnwzm getbed (nbe ,ibec  ,dbe  ,vbe
yidvl ,idv2 ,maxbe)

implicit double precisionfa-h,o-z)

arguments

nibe numbar of nodal constraint data

ibec array for censtrained nocdal points

jbe array for constrained degree of freedom
vbo array for boundary values

idwl input dewvice id.

idwvz output device id.

maxbc see helow

dimension ibe (maxbe) ,jbe  (maxbe),vbe  (maxbe)

if {.not. eof(51)}read (idvl,1010) (ibclind) ,jbciind) ,vbc{ind)
,ind=1, nbe)

print*, "boundary conditions array read"

write(idwv2,3010)

write(idw2,3020) (ibe(ind) ,jbe(ind) ,vbc(ind) ,ind=1,nbec)

18
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return

format (215,g20.8)

'Y, ' nodal constraint ',20('*'}./}

1!V (Bx, vdid, ', Tx, "dot!, 10x, "valua', 10x) /)

format {5x,15, 5x, 15, £17 .4}

end

subroutine puthcv

1 {nnp ,nbc ,ibc ,jbc ,vbc ,ncod ,be ,maxbc,maxdf, maxel,
2. node)

implicit double precision{a-h,o-z)

arguments

ncod array for constraint switch defined for every d.o.f.
be array for storing contraint value

maxbc see below

mazd f see below

dimension ibc (maxbe) ,jbc  (maxbc) ,vbe (maxbe)
dimension ncod (maxdf) ,bc (maxdf) ,node (maxel,27)

do 6010 ind = 1 ,nbc

if (jbc(ind)>3) goto 6010

jind = ibc{ind)+(jbe{ind}-1) *nnp
be {ind) = vhel{ind)

ncod (jnd} = 1

continue

specifying the stress free condition on node number 84

iel=16
inp=24
ke=iabs (node(iel,inp))

return
end

1
2

subroutine clean
{ncn ,nel ,ndf ,nede ,rl ymaxel, maxst, maxdf
beo ncod L icho )

implicit double precision{a-h,c-z)

arguments

all arguments are defined elsewhere.

dimension rl (maxdf) ,node(maxel, maxst)
dimension bc (maxdf) ,ncod{maxdf }

function

cleans the used arrays and makes them ready for solution

]
-
=3
@
=
ot
h

non
o

continue
ntrix = ndf *ncn
do 6020 iel 1,nel
do G020 inp 1 peydae
node (iel,inp) = iabs(node(iel,inp))
continue
if({icho.ne.1l)then
do 6030 iel = 1,nel
write(11,3010)iel, (nodeliel,3),i=1,ncn)
format (10i5)
continue

[

endif

return
end
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6010

6020

nao

n nanoonNnana n

nn

SULLIULANE SECRIM
1 (nnp ,nel ,ncn  ,node ,ndf (maxel ;maxst,ndn ,ntrix,

2 maxdf,ntov ,mdf nopp )

1

implicit double precision{a-h,o-z)

arguments

all arguments are defined elsewhere.

dimension node (maxel,maxst), ndn (maxdf)
dimension mdf (maxdf )y nopp (maxdf)

function

Sets the location data for nodal degrees of freedom

do 6010 iel = 1 ,nel
ndn{iel) = ntrix
do 6010 icn = 1 ,nen
ken =node(iel, icn)
jen =ien+t (ndf-2) *nen
len =ken+ (ndf-2) *nnp

acn =icn+ (ndf-1) *ncn
ben =ken+ (ndf-1) *nnp

node(iel, jen) = len
node(iel, acn} = ben

continue

do 6020 idf
mdf (id£)
nopp (1d£)

continue

1,ntov
2 5

L [ 1

idf

return
end

nmat number of materials

pmat array for material constants for each element
idvl input device id.

idv2 output devide id.

maxel see below

dimension pmat (maxel, 3}
write(idv2,3010)

do 6010 imat = 1 ,mmat
if {.MOT. EOF{51)}) read{idvl,1010) rvisc, power, tref, theo, taco,

dispe, pref, roden, gamad
print*, "material properties read"
ifrom = 1
ito = nel
if(rtem .eg.0.) rtem = 0.001
if(rpef .eq.0.) rpef = 0.001
do 6020 iel = ifrom ,ite
pmat{iel,1l}) = rvisc
pmat{iel,2) = pref
pmat(iel, 3) = power
pmat(iel, 4) = tref
pmat (iel,5) = tbeo
pmat {iel,6) = taco
pmat{iel,7) = dispe
pmat{iel, 8) = roden
pmat(iel,9) = gamad
rtem = tref
rpef = pref
roden density
rvisc mu nought; consistency coefficient
pref reference pressure
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power power law index

tref reference temperature

theo coefficient b in the power law model
taco coefficient a in the power law model
dispe dispersion coefficient

gamacd shear rate

continue

write(idv2, 3020) imat  ifrom ,ito ,rvise , power
write{idw2, 3030)

write(idv2,3040) tref ,thco, pref, taco

writ dv2, 3050)

write (idv2, 3060) dispc , roden , gamad

continue
return
format (3d10.5})

format(' ',//' ', 35("*'}," material properties ';AS5('x0y 04

el ' 'e2x,'id.', 5x, 'eid. (from-to) ', 3x, 'consistency co-efficient’

2,5x, 'power law index',/)
. format (' .,wu.hpw‘w»_mx‘ﬂwm.m.pmx_npm,mu
format (/x, ' reference temperature copefficient b
1 reference pressure coefficient a '/)
format (£16.3, £22.4, 6x,410.3,9x%, g10.3})
format {/x,
1'Dispersion Coefficient Density
moﬂamnﬁﬁpu.u‘umx_aq.u.mk.ﬂpm.mu

Shear rate'/)

end

subroutine contol
1{vel ,iter ,ntov ,nnp (maxnp, maxdf, errov, errop, vet,
2 pet, press)

implicit double precisionta-h,o-z)

dimension vel (maxdf), press(maxng)
dimension vet (maxdf), pet  (maxnp)

errv
torwv
errc
tore
errp
torp

nmun
ooo0oo
cCooooo

calculate difference between velocities in consecutive iterations

QOmcpomﬂrmnw

if{iter.eq.l) vet{icheck] = 0.
BLrv = errv +

1 (vel (icheck)-vet (icheck)) * (vel(icheck)-vet (icheck))
torv = terv 4+ vel{icheck)*vel {icheck)

li]

vet{icheck) = vel({icheck}

continue
errov= errv/torv

calculate difference between pressures in consecutive iterations

do 6030 icheck = 1,nnp

if{iter.eq.1l) press{icheck} = 0.0

errp = errp +
{press{icheck) -pet (icheck) ) * (press{icheck)-pet
({icheck) )}
Lorp = torp + press(icheck)*press{icheck)

B

pet{icheck) = press(icheck)

continue
Brrop= errp/torp
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nann

6010

aolo
iozo
3030
3040

3045
3050

3055
3060

3065
3070

nn

return
end

subroutine output

b {nnp ,vel ,press, maxdf, maxnp, icord, pmat, maxel,actpress)

implicit double precision(a-h,o-z)

arguments are already defined

dimension vel (maxdf i press(maxnp)
dimension pmat(maxel, 9), actpress(maxnp)

write(60,3010)
if(icord.eg.0) write(s0,3020)
if(icord.eq.1) write(60,3030)
roden=pmat (1, 8)
do 6010 inp = 1,nnp
jnp = inp + nnp
actpress (inp) =roden*press{inp)
write (60,3040}inp ,vel (inp),vel (op), actpress (inp)
continue

call minimax

1{ cmax, pmax , vel, press , maxnp, nOnp, nc, np |,
2 mm ,ncm o mvm o, nvym, nvxl , nvyl |, pmin, emin
3 wvaanax, vxmin, vymax, vymin, ndim, maxdf, actpress )

write (60, 3045)
Zwamnmo‘u0m0¢3¢23.<mpﬂddxau.dcxw.<muﬁbdxwu

write (60,3055}
!n»ﬂwﬁmo.uomo_n<wa.qmwﬁ:bu+n<H§H.dd%w.¢mpﬁnzv+:<wwu

write(60,3065)
write(60,3070)np, press (np), nm, press (nm)

format (/' nodal velecities and pressures '/)

format (' did. usx uy press'/)
format(* id. ur uz press'/)

format (i5,2el3.4,e22.8)

format { 'nede no. max ux node nao. min ux'/)
format (15,e22.8,15,e22.8)

format('node no. mAX uy node no. min uy'/)
format (i5,e22.8,15,e22.8)

format ('node no. max p ncde no. min p'/}
format (i5,e22.8,1i5,e22.8)

return

end

4
2

1

subroutine visca
anwmn_vosmn.awmn.mnmaﬁ.nnma_nwno.mvnmmm‘unﬁm_ﬂmnc
Jgamad )

implicit double precision{a-h,o-z)
visc = H<»Mﬂtﬁﬁh,am5mnu;»ﬁnUoimHJH.cvmm:
return

end

subroutine minimax
{ cmax, pmax , vel, press , maxng, nop , n¢  , np

23

o

noannn

1 nm ,ncm s nvxm . nvym oonvxl  , nwyl |, pmin, cmin
1 wvimax, vxmin, vymax, wvymin, ndim, maxdf, actpress |}

6020

1
2
3

implicit real*8 (a-h ,o-z)
dimension wvel (maxdf)

dimension press | maxnp |
dimension actpress (maxnp)

vxmax = wvel(l)
vimin =  yel(l}
vymax = vel(nnp+l}
vymin = wvelinnp+l)
pmax = actpress (1)
pmin = actpress (1}
np = 31
nm = 1
nvam = 1
nvym = 1
nvxl = 1
nvyl = l
do 6020 i=2,nnp
pm = actpress (i)
pi = actpress (i)
VMM = velii)
VaAmn = vel (i)
VymH = vel (nnp+i)
vymn = vel (nnp+i)
e L pm.gt.pmax ) ‘then
Pmax=pm
np =i
endif
if | pi.lt.pmin } then
pmin = pi
nm = 1
endif

if ( vaxmx.gt.vxmax ) then
VHINAX= VXmx
nvxm = i

endif

if ( vymx.gt.vymax ) then
Vymaxs vymx
ovym =i

endif

1€ { wvaan.lt.vxmin ) then
vEmin= vxmn

nvxl =i
endif
if { vymn.lt.vymin ) then
VYMIn=s vymn
nyyl =i
endif
continue
return
end

subroutine secinv

(nel ,nnp ,nen | ngaus,node ,sinv ,cord T TS
del ,da svel | maxnp,maxel,maxst,ndim ,icord
maxdf, num)

implicit double precisioni{a-h,c-2)

function
calculates the szecond invariant of rate of deformation
tensor at integration points.

dimension vel [(maxdf ) yeord (maxnp, ndim)
dimension node (maxel, maxst) ,sinv (maxel, num)
dimension p { 9 ¥ adel o 20 a)
dimension b { 2, )
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rewind 15

do 5000 iel= 1 , nel
1lg = 0
do 5010 ig = 1 ,ngaus
do 5010 jg = 1 ,ngaus
lg = 1g+1
[=4
if(.not. EOF{15)) read (15) idel,iig,jjg.p,del,b,da
c
x1 = 0.0
ul = 0.0
ull = 0.0
ul2 = 0.0
uZl = 0.0
u22 = 0.0
do 5020 ien = 1 ,nen

uﬂdﬂwWannoamﬁwmu_»nnuu
men = jen + anp

¢ *** components of the rate of deformation tensar

o
{3
c

an

n

annnn

nononNnannnn

ull = ull + b{l,icn}*vel(jcn)

ul2 = ul2 + b(2,icn}*vel (fcn)

u2l = u2l + b(i,ien)*vel (men)

u22 = u22 + b(2,icn)*vel {men)
5020 continue

*** second invariant of the rate of deformation tensor

sinv(iel, 1g}=0.125*{{ull4ull)*{ull+ull)+
1 (ul2+u2l})* (ul2+u2l)+
2 (u21+ul2)* (u21+ul2)+
3 (U22+u22)* (u22+u22))

5010 continue
5000 continue

return
end

subroutine hydrofilter
HﬂnnMH.ﬁumnm,mmpnmn‘wnso.:su.:nu,ump_amxmu‘awxmn‘smxnm.Un.anoa
M,RH~:nﬂm‘:nh.:nhwx_amm.uoﬁn.:Un~on‘mvn_ﬁdn_gmk&h‘nOHQ.mnmb‘
uﬁsmn.ﬂmp,vhmmw.nmam_wnsmn.XQWMn~:x‘mﬂ.w?mﬂ_xwmm.erd.bnmu.
pyﬂw<.qsoa,pa.u<xou.:nmcm,b‘Qmu~w.awxmﬂ.sawa‘mm,xn,&w,nsa
mhnohm.Hh.mubrm‘wwbd‘amkbu‘mnnﬂnmmm,0nﬂc€.mnhou‘<mn.ﬂ¢n.
mnoamwnnoﬂ.vmﬂncab_ﬁnmmexu,ﬁmHQanbH‘ﬁmﬂamnmﬁw, velcartridge,
Tareabase, density, excel)

implicit double precisicon{a-h,o-z)

Function

Calculates the Velocities and Pressures for 2-D Filrer Analysis
dimension vel (maxdf ) .cord {(maxnp, ndim)
dimension node (maxel,maxst) ,sinv (maxel, num
dimensien p { 9 )o,del 2y 2
dimension b { 2 93

dimension velcartridge (20 ) ,dpguess(20 }
dimension press{maxnp ) cactpress {maxnp
dimension press_withcomp ( ndata)
dimension press_areacomp { ndata)

dimension areabase(ndata)
dimension excel (6)

Transient data
stime starting time
deltat time increment
nter maximum number of time steps being employed for finding solution

if{velcartridge(ndata} .le. 0.0067) then
dpguess (ndata) = 17014165.2425*velcartridge (ndata)

25

nnn

5001

nn

3]

annn

5160

5150

elseif(velcartridge(ndata) .gt. 0.0067 .and.
1 velcartridge{ndata) .le. 0.0362) then
dpguess (ndata) = 75818119.5771* (velcartridge(ndata)*+*1.3099)

elseif (velcartridge (ndata) .gt. 0.0362) then
dpguess (ndata) = 30053002.836*velcartridge (ndata)

end if

guessp = dpguess(ndata)

dags gty

print *, *Data set = *,ndata

print *, "yelcartridge = ", velcartridge(ndata)

print *, "guessp = ", guessp
print *, "inner iteratien = *, iit

do 5150 iter = 1 ,nter

TEMPORAL UPWIND SCHEME USED

alpha

time = iter*deltat
write(60,40980) iter

Print *, "Iter = "; Iter

icho=1
rewind 14
rewind 15
ndf =3
ntov = ndf * nnp
ntrix = ndf * ncn
call clean
1 (nen ,nel ,ndf ,node ,rl ,memH.waMn‘athm‘
2 be snecod |, icho
call setprm
1 {nnp  nel ,ncn  ,nede ,ndf ,maxel, maxst,ndn pntede
2 maxdf, ntov mdf |, nopp

call putbev
1 (nnp ,nbc ,ibc ,ibc ,vbhe ,rcod b, maxbe, maxdf, maxel, node)

idvd=20
do 5160 iel=1,nel

call flew (iit, node ,cord ,pmat ,nopp .mdf ,ndn ,nced ,he ,vel
1,press, rl, temp,ldest,kdest,nk ,eq ,lhed ,khed ,kpiv ,lpiw,
2jmod, gg, pvkel,iter ,nel ,ncn , ngaus, By

3del, b, ntrix, maxel, maxnp, maxst, maxfr, maxdf, ndim
d4aa ,xg ,da ,ntov ,num, icord, rr, iel, deltat, alpha,
5idvd, sinv, nnp, step, perms, permy, guessp, comfactor, percomp,
6permstepl, permstep?)

end do

iiter=(iter/ntep) *ntep
if{iter.eq.l.or.iiter.eq.iter) then
call output

1 A:nv.cmm.UHmwm‘Bmxmm.amxnﬁ,HnONm‘uamn.Bmme‘wnnﬁﬂmmmv
endif

continue
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ann
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do 5170 inp = 1, nnp
actpress (inp) = press(inp) *density
end do

if(iit==1) then
Press_nocomp = actpress{1741)
end if

press_withcomp (ndata)

actpress(6781)
press_areacomp{ndata)

guessp

call arealoss annunmmm~ncmmmﬁ‘hnmmmmnnOR,umeHOmm.waau.
postarea = peraloss
print *, ‘postarea = ", pastarea

errareal = 0.99*areabasa(ndata)
errareaz = l.(l*areabase(ndata)

print *, "errarsal = ", errareal
prant *, "errarea2 = ", errareaz

if (postarea .le. errareal) then
guessp = guessp*l.2
dpguess (ndata) = guessp
e = dhee
goto 9001
elseif (postarea .ge. errareal) then
guessp = guessp*0.8
dpguess (ndata} = guessp
ile = die 1
gota 9001
end if

If the solutiens converge and the simulated peraloss lies within the
range of error bounds assumed for the guessed value of loss in area
factor print the parameters in excel file

Store the value of pressure drop with compression and no loss in area [BAR)

excel (2} = (press_withcompindata)/99996.71053)

Store the value of pressure drop with compression and with loss in area [(BAR)

excel (5) = peraloss =
lossinarea= (excel (5))*100

print *, "pressure drop with compression and no loss in area =

1", excel(2)

print *, 'pressure drop with compression and with loss in area =

1%, excel(3)

1

print *, *% Compression = *, excel (4)
print *, "% Apparent loss in filtering arean = *, loessinarea

Print the converged velocity and pressure field in cutput file

iiter=(iter/ntep)*ntep

if(iter.eq.l.or.iiter.eq.iter) then

call output
Aasn_<mH_vummm.awxun.3mkﬁu‘hnona.usmn.smﬁmw.manvnmmu_

endif

Updating viscosity
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call secinv

1 (nel ,nnp ,nen ,ngaus,nede ,sinv ,cord ,p b,
2 del ,da ,vel ,maxnp,maxel, maxst,ndim ,icord,
3 maxdf, num)

Convergence check

call contol (vel ,iter ,ntov ,nnp,maxnp,maxdf, errov, errop
1,vet ,pet, press)

End of time loop

format (///'TIME STEP no.',i5,//)

return
end

subroutine perm
H_mnmv\nmnsx_umHB%.mmuwmv.nosmmnnon_nmnnoaa,UmnamnmEH.bmn;MnmUNH

implicit double precision{a-h,o-z)

Function

mwmmmmmMmm the Permeability of the Fiber Glass Media for Filter Analysis
Convert experimental pressure drop in bar to pascals

if (deltap .le. 1.13E+5) then

permx = 1.96735E-12

permy = 1.96735E-12

permstepl = 1.56735E-12

permstep2 =  permx

end if

if (deltap .gt. 1.13E+5 .and, deltap .le. 10.BE+5) then
permx = (1.628*0.00000000002) * { (deltap)} ** (~0.2397)
permy = (1.628*0.00000000002) *{ (deltap) **{-0.2397)
permstepl = 1.96735E-12

permstep? = permx

end if

if (deltap .gt. 10.8E+5) then

parmx = 1.0435500E-12

permy = 1.0435900E-12

permstepl = 1.967358-12

permstep? = permx

end if

end if

Calculate the compression factor and percentage compression

comfactor = { (permstepl-permstep?) /permstepl )
percomp = (comfactor*100)

return

end

subroutine arealoss

1 (actpress, guessp, areafactor, peraloss, maxnp)

implicit double precision{a-h,o-z}

dimension actpress(maxnp

Function

Calculates the Loss in Area Factor and Percentage Loss in Area
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c Convert experimental pressure drop in bar to pascals
e e R e R I e S e -
deltap = guessp
peraloss = ({deltap-actpress(6781))/deltap)
areafactor = 1.0-peraloss
print*, "Guess value of Pressure in pa = ",deltap
print*, "Simulated Pressure drop in pa = °,actpress{6781}
print*, "Percentage Loss in Area =", peraloss
print*, "Area factor for Welocity Correction =",areafactoxr
return
end
& o e
SUBROUTINE GFMFEM
IMPLICIT REAL*8 (A-H,0-2)
CHARACTER CH(400)*1,5F*4,CC*3, FNAME*30
DIMENSION NOD(3}
i FUNCTICN
C g Oy
I s R s e ey e Ly e S e
€ TRANSFORMATION OF GECSTAR GFORM FILE TO MESH.FEM FILE
c e e T e e s e e SRR e

WRITE (*,130 )
130 FORMAT (1X, ‘Enter GFM file name for the Filter Mesh ¥
READ (*,135) FNAME
135  FORMAT (A30)
OPEN (UNIT=1, PILE=FNAME, FORM='FORMATTED' )
OPEN (UNIT=2,STATUS='SCRATCH', FORM='FORMATTED'}
OPEN (UNIT=3,FILE='MESH.FEM', 6 FORM='FORMATTED")
NEC=0
108=0
HAM=0
NEM=0
DO WHILE { IOS.EQ.0 }
READ (1,100, ERR=300,END=300, ICSTAT=I0S) (CH(J),J=1,400)
CC=CH (1} //CH{2)
IF (CC.EQ.'ND')THEN
WRITE (2,100) (CH(E),K=4,300)
MM =1+ 1
ENDIF
IF (CC.EQ.'EL')THEN
WRITE (2,100} (CH(K), K=4,300)

HEM=NEM+1
ENDIF
100 FORMAT (5004}
ENDDO
300  REWIND 2
PRINT *,' !
e PRINT *, "TOTAL NO. OF HODES = ', NNM
(=] PRINT *,'TOTAL NO. OF ELEMENTS = ' NEM
Do I=1,NNM
READ (2,*) N, XY
1l = X*le-3
¥l = ¥Y*le-3
WRITE {3,110 ) N,X1,¥1l
110 FORMAT (I5,2G20.8)
ENDDO
(- PRINT ¥, 'File MESH.FEM is created '
RETURN
END
c e
SUBRCUTINE CARTRIDGE (ntd,density,fr,velcartridge, farea,viiisc,
1 areabase,xab,yab, xikl,vikl, xfgfd, yfgfd,
2 x1dkdid, yldkdid, xadbd, yadbd)
IMPLICIT REAL*S (A-H,0-2)
DIMENSION fr(20), veleartridge(20), pd(20), viiisc{20),
1 areabase (20)
=} FUNCTION
- Sogasins
= et o m— [ AL TR e s
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READS THE FILTERING AREA, FLOW RATE, VISCOSITIES, FLOW RATES & BC CO-ORDINATES FOR FILTER

MESH .

(<]

(=]
c
Lo

n nn

n

0

nnnan

na

a

oOpening of file to be cartridge filter element

et 2 m=ma=

print*, "Enter the Reference 1D of the FILTER ELEMENT'
read(*,100) cartid

anmunndwnMWuH,mwumnanme.wnnmmmu_anszn»mHA.mouau_mcﬂEMnnma_‘
1 status="unknown", iostat=ios)

Read the total number of sets of data

Read the total filtering area and density of the £luid

read(511,2005) farea, density

Read the Flow Rate in (lit/min), Pressure Drop in (bar} and Viscosity in (Pa.s)

jq=i
read(511,2002) £r(ij),areabase(ij) viiisc

end do
caleulate velocity {m/s) correspending to experimental flow rate

do i=1,ntd

ji=i .

velecartridge(33) = £r(ij)*0.001/(farea*60)
end do

fead the co-ordinates in (mm) to be used for the calculation of boundary conditions
read(511,2003) xab, yab

read(511,2002) xikl, ikl

read(511,2003) xfgfd,yfgfd

read(511,2003) xldkdid,yldkdjd

read{511,2003) xadbd, yadbd

*ab = xab*le-1

yab = yab*le-3
xikl = xjklrle-3
yikl = yjkl*le-3
xfgfd = xfgfd*le-3
yigfd =-yfgfd*le-3
x1dkdid = xldkdjd*le-3
yldkdid yldkdjd*le-3
xadbd xadbd*le-3
yadbd = yadbd*le-3

"

"

print*, xab,yab

print*, xikl,yjkl
print*, xfgfd,yfgfd
print*, xldkdjd,yldkdid
print*, xadbd,yadbd

Read the Geometrical Parameters of the Filter Element

read{511,2004) enp | Number of Pleats
print*, enp

read(511,2004) hp ! Height of Filter Element {mm}
print*, hp

read{511,2004) el i Length of Pleat { mm)
print*, el

read(511,2004) di ! Diameter of the Core {mm)
print*, di
Writing all the cartridge description in file 61 used for excel

write (61,4020) farea, enp, hp, el di,density

100 format(80a}
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2001
2002
2003

format (i5)
format (10x,d10.5, 10x,d10.5,10x%,d10.5)
format (5, £22.12, £22.12)

2004 format (10x; £10.5)
2005 format (10x,d10.5;10x,d10.5)
4020 format{' ;20 Mo mmmm e e oo cioo ool Rl
1" ', 20%,' CARTRIDGE FILTER DESCRIPTION DATA',/
2 20, e s e e e . Yl
325x, 'Filtering area of cartridge (m~2) =n, £10. 4, /
225x, 'Number of pleats =',£10.4,/
325x, 'Height of the Filter Element (o) ="', f10.4,/
425x%, 'Length of the pleat (zum}) =t . £10.4,/
525x%, 'Diameter of the cartridge (mm) =ty g
725x, 'Hydraulic fluid density (kg/m~3) =!, f10.4,/
Tl
write (61,4030)
4030 format({/' Flow Rate(lit/min) Viscosity
i (Pa.z) Pressure com(Bazx) Pressure com + area(Bar)
3 % Compression fLoss in area 1)
RETURN
END
subroutine pleathc
1 (frate, farea, nbc, ibc, jbe, vbe, maxbe, maxnp, ndim, cord, step,
2| areafactor, xab, yab, xjkl, yjkl, xfgfd, yEfafd, x1dkdid, yldkdid,

& xadhbd, yadbd)

implicit real*s (a-h,o-z)

dimension x (10101}
dimension v {10101}
dimensicn vx (10101)
dimension (10101)

y
dimension ibc (maxbec) ,jbc  (maxbe),vbe  (maxbc)
dimension cord (maxnp ,ndim)

parameter (pi=3.141592653589793238D0)

open {unit=70, file='velbestepl', form='formatted', status= 'new')
rewind (70}

Conversion of wolumetric flow rate in litres/minute to average veleecity in metres/second

frate = (frate)/(farea*60000.0)

Read the co-ordinates and store these values in arrays

end do

do i=1,40

slope={y(i+1)-yvab)/(x{i+1)-xab)
theta=atan(slope)

theta=-theta

vx({i+l)= frate*cos{theta}
vyli+l)=-frate*sin{theta}

end do
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These are the calculations for the straight part be

slope =(y(901)-y(862))/(x(901)-x(862))
slopen=(-1.0/slope)

theta=atan(slepen)

theta=-theta

do i=1,40

vx{i+861l)= frate*cos|theta)
vy{i+861})=-frate*sin(theta)

end do

These are the calculations for the curved part cd

do:i=1,40

slope= (¥ (1i+1701) -yikl) /(2 ({i+1701} -2jk1l}
theta=atan(slope)

theta=-theta

v (141701} = frate*cos|theta)

vy (1+1701)=-frate*sin (theta)

end do

do i=1,40

slopes= (¥ (1+2541) -yikl) /{x{i+2541) -xikl)
theta=atan{slope)
vx(i+2541)=-frate*cos(theta)

vy {i+2541)=—-frate*sin(theta)

end do

These are the calculations for the straight part ef

slope =(y(3382)-y(3421))/(x{3382)-x{3421))
slopen={-1.0/=lope)

do i=1,40
wvx({i+3381)=-frate*cos(theta)
vy{i43381l)=-frate*sin(theta)
end do

These are the calculations for the curved part fg

do i=1,40

slope=(y(i+4221)-yfgfd) / {x(i+4221) -xfgfd)
theta=atan(slope)

vx(1+4221)=-frate*cos({theta)
vy(i+4221)=-frare*sin(theta)

end do

These are the calculations for the curved part gf'

do i=1,40

slope=(y (145061} -yfgfd) / (% (1+5061) -xfgfd)
theta=atan(slope)

theta=-theta

wvx(i+5061)= frate*cos(theta)

vy [i+5061)=-frate*sin{theta)

end do

These are the caleulations for the straight part f'e’

slope =(y(5941)-y(5902))/(x(5941)-%(5502)
slopen=(-1.0/slope)
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theta=atan(slopen)
theta=-theta

do i=1,40

vx(i+5501)= frate*cos|theta)
vy (1+5901)=-frate*sin(theta)
end do

These are the calculations for the curved part e'd!’

do i=1,40

slope=(y(i+6741) -yldkdjd) / (x(i+6741) -x1dkdjd)
theta=atan(slope)

theta=-theta

vx(i+6741)= frate*cos(theta)

vy {i+6741)=-frate*sin{theta)

end dao

These are the calculations for the curved part d'c'

do i=1,40
slope=(y(i+7581) -yldkdjd) / {x(1+7581) -x1dkdid)
theta=atan(slope)

vx{i+7581)= -frate*cos(theta)

vy (i+7581)= -frate*sin(theta)

end do

These are the calculations for the straight part c'b’

slope =(y(8422)-y(8461)) /(x(8422)-x(8461})
slopen=(-1.0/slope)

do i=1,40
vx(i+8421)=-£frate*cos (theta)
vy (148421 )=-frate*sin{theta)
end do

These are the calculations for the curved part b'a’

do i=1,39

slopes=(y{i+9261) -yadbd) / (x(1+9261) -xadbd)
theta=atan(slope}

vx(i+9261)=-frate*cos(theta)
vy (149261 )=-frate*sin(theta)

end do

STEP 1 -: WRITE THE BOUNDARY CONDITIONS IN FILE NUMBER 70

if (step .eg. 1) then
ncount=0

Writing the boundary conditicns in the output file

vx for curve ab
do i=1,40

j=i+1

ncod =1
value=vx(i+l)

ncount = ncount+l

ibe (nocount) =3
Jbe {ncount) = neod

a3

vbe (ncount ) = value

write (70,2000) j, ncod, value
end do

vx for line bec
do i=1,40
§=i+861

ncod =1
value=vx(861+1)

ncount = ncount+l

ibc{ncount) =3
jbe (ncount) = ncod
vbe (ncount) = value

write (70,2000) j, nced, walue
end do

vx for curve cd
do i=1,40
J=1i+41701

nced =1
value=vx (1701+1)

neount = ncount+l

ibc {ncount) =3
Jbe (ncount) = ncod
vhe (ncount) = value

write (70,2000} 4, nced, value
end do

vx for curve de
do i=1,40
j=1+2541

necad=1
value=vx{2541+i)

neount = noount+l

ibe (nocount) =5
ibe (ncount) = ncod
vbc (ncount) = value

write (70,2000) j, ncod, value
end do

vx far line ef
do i=1,40
j=i+3381

ncod=1
valuesvi(i+3381)

neount = noount+l

ibe {ncount) &5
jbc {ncount) = ncod
vhe (ncount) = value

write (70,2000) j, nced, value
end do

vx for curve fg
do i=1,40
§=1+4221

neod=1
value=svx(4221+4)

ncount = ncount+l
ibc (ncount) =7
jbe (ncount) = ncod
vbe (ncount) = value

write (70,2000} j, neod, value
end do

vx for curve gf'
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do i=1,40
j=i+5061

ncod =1
value=vx (1+5061)

ncount = ncount+l

ibe (ncount) =
jbe (ncount) =
vhbe (ncount) =

write (70,2000)
end do

vx for line f'e'
do i=1,40
3=1i+5301

ncod =1
value=vx(5901+1)

3
ncood
value

i, ncod, value

ncount = ncount+l

ibe (ncount)
jbe (ncount)
vhbe (ncount)

write (70,2000)
end de

5
ncod
value

j. neced, value

vx for curve e'd’

do i=1,40
j=i+6741

ncod =1
value=vi(6741+1)

nocount = noounkt+l

ibe (neount)
ibe (ncount)
vhe incount)

write (70,2000)
end do

3
neod
value

j, ncod, wvalue

vx for curve d'c’

do i=1,40
j=i+7581

nced=1
value=vx(7581+i}

ncount = ncount+1

ibc{ncount)
jbe {ncount)
vibe (nicount) =

L[}

write (70,2000}
end do

vx for line o'b!'
do i=1,40
J=i+B421

ncod=1
value=vx(i+8421)

]
ncod
value

i, nced, value

ncount = ncount+1l

ibc (ncount)
jbe (ncount)
vhe (ncount)

write (70,2000)
end do

i
neod
value

i, ncod, value

vx for curve b'a‘

do i=1,40
j=i49261
ncod=1

value=vx{2261+i)

ncount = ncount+l

35

ibe (ncount) =it
ibe (ncount ) = ncod
vbe (ncount) = value

write (70,2000} i, necod, walue
end do

vx for curve ah
do i=¢,20
G=14(41=1)
ncod=1
value=0.0

ncount = ncount+i

ibe (ncount) =7
jbe {neount) = ncod
vhe (ncount) = value

write (70,2000) j, ncod, value
end do

vx for curve a'h'
do i=0,20

J=9301 +(40%1)
ncod=1

value=0.0

ncount = ncount+l

ibe (ncount) =7
ibe (ncount) = necod
vbe (ncount) = value

write (70,2000) i, ncod, walue
end do

vy for curve ab
do i=1,40

j=i+1

ncod =2
value=vy{i+l)

ncount = ncount+l

ibe (ncount) =73
jbe (neount) = nced
vbe (ncount) = value

write (70,2000) j, necod, wvalue
end do

vy for line be
do i=1,40
j=i+861

neod =2
value=yy (B61+1)

ncount = nocount+l

ibe {ncount) =3
jbe (ncount) = ncod
vhe (neount) = value

write {70,2000) j, nced, wvalue
end do

vy for curve cd
do i=1,40
j=i+1701

necod =2
value=vy (1701+1)

ncount = ncount+l

ibe (neount) =73
jbe (ncount) = ncod
vbe (ncount) = value

write (70,2000) j, ncod, valus
end do
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vy for curve de
do i=1,40
=i+2541

ncod=2

value=vy {2541+i)

ncount = ncount+1

ibe (ncount) =g
jbe (ncount) = ncod
vbe (ncount) = value

write (70,2000) j, ncod, value
end do

vy for line ef
do i=1,40
j=i+3381

ncod=2

value=vy (1+3381)

nceunt = ncount+l

ibe (neount) =3
jbc (ncount) = ncod
vbe (ncount) = value

write (70,2000} j, ncod, value
end do

vy for curve fg
do i=1,40
j=i+4221

ncod=2

value=svy (4221+1)

neount = noount+l

ibe (ncount) =3
ibe (ncount) = ncod
vbe (ncount) = yalue

write (70,2000) j, ncod, value
end do

vy for curve gf’
do i=1,40
j=145061

neeod =2
valuesvy (1+45061)

ncount = ncount+l

ibe {ncount) =g
jbe (ncount) = neod
vbe {ncount) = wvalua

write (70,2000) j, nced, value
end do

vy for line f'e'
do i=1,40
4=i+5901

ncod =2

value=vy (5301+i)

ncount = ncount+l

ibec{ncount) =5
jbc (ncount) = nced
vhe (ncount) = value

write (70,2000) j, ncod, value
end do

vy for curve e'd’
do i=1,40
j=1+6741

ncod =2

value=vy {6741+1)
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ncount = ncount+l

ibc (ncount) =i
Jibe (ncount) = ncod
vbe (ncount ) = value

write (70,2000} 3j, nced, value
end do

vy for curve d'c’
do i=1,40
j=i+7581

ncod=2
value=vy(7581+i)

ncount = ncount+l

ibe (ncount) = 3
jbe (necount) = ncod
vbhe {neount) = yvalue

write (70,2000) j, ncod, value
end do

wy for line c'hb'
do i=1,40
j=i+8421

ncod=2

value=vy (i+8421)

ncount = ncount+i

ibe {ncount) =9
jbe {ncount) = ncod
vbe {ncount) = value

write (70,2000) j, nced, value
end do

vy for curve b'a’'
do i=1,29
j=i+9261

ncod=2

value=vy (9261+1)

ncount = neount+l

ibe {ncount) =o7
jbe {ncount} = ncod
vhe {ncount} = value

write (70,2000) 3, nced, wvalue
end do

Pressure for lins hi
do i=1,40
§=821+ i
ncod =3
value=0.0

ncount = ncount+l

ibe {ncount) =3
jbe {ncount) = ncod
vbe (ncount) = value

write (70,2000) j, nced, value
end do

Pressure for curve 1j
do i=1,40
j=1661 + i
ncod =3
value=0.0

ncount = ncount+l
ibe (ncount) |
ibe {ncount) = ncod
wvhe (ncount) = value

write (70,2000) j, ncod, value
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end do

Pressure for curve ik
do i=1, 40
4=2501 + i
nced =3
value=0.0

ncount = ncount+l

ibc (ncount) =g
jbe (ncount) = ncod
vbe (ngount) = yvalue

write (70,2000} j, ncod, wvalue
end do

Pressure for curve kl
do i=1,40
=3341 + i
ncod =3
value=0.0

ncount = ncount+l

ibe (ncount) =3
jbe (ncount) = ncod
vie (ncount) =

write (70,2000) j, nced, wvalue
end do

Pressure for line lm
do i=1,40
F=4181 + i
neod =3
wvalue=0.0

ncount = ncount+l

ibe{neount) =3
jbe (ncount) = ncod
whe {ncount ) = value

write (70,2000) j, nced, value
end do

Pressure for curve mn
do i=1,40
§=5021 + i
ncod =3
value=0.0

neount = noount+l

ibe (noount) = 4
jbe (ncount) = ncod
vbe {ncount} = value

write (70,2000) j, ncod, wvalue
end do

Pressure for curve nm'
do i=1,40
=5861 + i
ncod =3
value=0.0

ngount = ncount+l

ibe (ncount} =35
ibc {ncounkt} = ncod
whe (ncount} = value

write (70,2000} 4§, nced, wvalue
end do

Pressure for line m'l'
do i=1,40

i=6701 + i
ncod =3
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value=0.0
ncount = ncount+l

ibe (ncount) =5
jbe (ncount) = ngod
vbc (ncount) = value

write (70,2000) i, ncod, value
end do

Pressure for curve l'k'
do i=1,40
3=7541 + 1
nced =3
value=0.0

ncount = ncount+l

ibc (ncount) = 5
jbc {necunt) = neod
vbe (ncount) = value

write (70,2000) i, nced, wvalue
end do

Pressure for curve k'j’
do i=1,40
1=8381 + 1
neod =3
value=0.0

ncount = ncount+l

ibe {neount) =Ly
jbe (ncount ) = neod
vhe (ncount ) = value

write (70,2000) j, ncod, wvalue
end do

Pressure for line j'i!
do i=1,40
§=9221 + i
ncod =3
value=0.0

nceount = ncount+l

ibc(ncount) = j
jbc (ncount) = ncod
vbe (ncount} = value

write (70,2000} j, ncod, value
and do

Pressure for curve i'h'
do i=1,39
§=10061 + i
neod =3
wvalue=0.0

ncount = ncount+l

ibe (neount) = 3
jbe {ncount) = necod
vhe (neount) = value

write (70,2000) j, ncod, value
end do

Concentration for curve ab
do i=1,40

J=i+l

ncod =4

value=0.2

neount = ncount+l

ibe (nocount) =

5]
jbc{ncount) ncod
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vbe (ncount) = value

write (70,2000) j, ncod, walue
end do

Concentration for line be
de i=1,40

j=i+861

ncod =4

value=0.2

neount = ncount+l

ibe (neount) =3
ibe (noount) = ncod
whe {ncount) = value

write (70,2000) j, ncod, value
end dao

Concentration for curve cd
do i=1,40

J=1+1701

ncod =4

value=0.2

ncount = noount+l

ibc (ncount} =95
Jjbc (ncount) = neod
vbe (ncount) = value

write (70,2000} j, ncod, wvalue
end do

Concentration for curve de
do i=1,40

j=ivr2541

ncod=4

value=0.2

ncount = ncount+l

ibe (heount) =3
ibe (ncount) = ncod
vbe (ncount) =

write (70,2000) j, ncod, value
end do

Concentration for line ef
do i=1,40

j=1+3381

ncod=4

value=0.2

ncount = neount+l
ibe (ncount)

ibec (ncount:)
whe (ncount)

bl
neod
value

write (70,2000) j, ncod, walue
end do

Concentration for curve fg
do i=1,40

i=i+4221

neod=4

value=0.2

ncount = ncount+l

ibe (ncount) = 4
jbe (ncount) = ncod
vhe (ncount ) = value

write (70,2000) j, ncod, value
end do

Concentration for curve gf'

a1

ncount = ncount+l

ibc (ncount) =
jbe (ncount) =
vhbc {ncount) =

write (70,2000}
end do

3
need
wvalue

j:; ncod; wvalue

Concentration for line f'e’

do i=1,40
j=1+5901
ncod =4
value=0.2

ncount = ncount+l

ibe (ncount) =
jbe(neount) =
vhe (ncount) =

write (70,2000)
end do

3
ncod
wvalue

j, ncod, value

Concentration for curve e'd’

do i=1,40
J=i+6741
ncod =4

value=0.2

ncount = ncount+l

ibe {ncount)
ibc {ncount )
vhe (neount)

write {70,2000
end do

3
neod
value

j., nced, value

Concentration for curve d'c’

do i=1,40
j=i+7581
neod=4

value=0.2

ncount = ncount+l

ibe {neount) =
jbe (ncount) =
vhe (ncount) =

write (70,2000)
end do

3
ncod

value

i, ncod, wvalues

Concentration for line c'b’

da i=1,40
j=i+B421
ncod=4

value=0.2

nocount = ncount+l

ibe (ncount)
jbe (ncount)
vbc (ncount)

oo

write (70,2000)
end do

3
neod
wvalue

i, ncod, value

Concentration for curve b'a’

do i=1,39
j=i+9261
ncod=4

value=0.2

neount = ncount+l
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ibe (neount}) = 3
jbe (ncount ) = ncod
vbe (ncount) = value

write (70,2000) j, ncod, value
end do
format (i5,2G20.12)
format (2i5,920.8)
rewind (70}
if (.not. eof(70))read (70,2000) (ibc(ind) ,jbclind) ,vbe(ind)
;ind=1, nbe)
print*, "boundary conditions array read"
write(60,3010)
write{60,3020) {(ibe(ind) ,jbc(ind) w<vnﬁwdmu ,ind=1,nbe)

end if

return

format {(215,420.8)
format (' ',// J,! ',20('*'),' nodal constraint ',20('*').,//

' iBx, id, T, def 10x, Tyalue  10x) /)
format (5x,15,5x,15, £17.4)

close(70)

return

end

subroutine excelprint(iiii, excel, fr, pd, viiisc)
implicit real*8 (A-H,0-Z)

dimension excel (6}, £r{20), pd(20}), wiiisc (20}
Function

Prints the flow rate, viscosity, simulated pressure drop .
values, compression factors and the percentage loss in filtration area

excel(5) = excel(5)*100
write(61,100) fr(iii viiise (iiid), excel(2),
excel(3), excel(d) , excel(5)
format (6({el5.4, Bx)
return
end
m- n d o 5 5 u b & o £ i
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Auxilliary Program for ACFAMP
Developed by : Navraj 5 Hanspal & Atul N Waghode
Supervised by : Prof V.Massehi & Prof. R.J.Wakeman

Latest Version: 23rd May, 2005

B B I e o o S R e S (N S A R S e

This program generates the "Reference cartridge ID file®
containing the cartridge characteristic data to be used
in main execution of ACFAMP

INPUT TOQ BE SUPPLIED BY THE USER

1. Reference ID of the FILTER ELEMENT

2. Height of pleat in (mm)

3. Height of element in (mm)

4. Filtering area in (m"2)

5, Diameter of the inner core in (mm}

f. Centre coordinates of the repetitive cartridge filter domain
7. Density of fluid (ka/m™3)

8. Total number of data sets te be used in analysis

9. Plow rate (lit/min) correspending to each data set

0. Viscosity (cSt) corresponding to each data set

1. Assumed percentage filtration area loss for each data set

Program FilterData

implicit real*8 (a-h,o-z)

dimension £r(20), pd(20), visc(20)

prine %, *

1 Program Developers: N.S5 Hanspal and A.N. Waghode"
print ;- "

1 Project Advigors: Prof. R.J. Wakeman and Praf. V. Nassehi®
pring *, "

1 Advanced Separation Technologies Group®
print *; "

1 Department of Chemical Engineering"
print *, "

K Loughborough University~

print *, *

T Loughborough, Leicestershire"
print . ¥

1 LE11 37U, United Kingdom®

g e ===== 5

prink . A

print *, °"ACFAMP AUXILLIARY PROGRAM"

e o Y A "

print *, %= bt

write(*, 11D01)
write{*, 1111)
write{*, 1121)
write{*, 1131}

Cpening of file to be used for the FILTER ANALYSIS code

print*, 'Enter the Reference ID of the FILTER ELEMENT'
read(*,100) filnam

open{unit=51,File=filnam, access="'gequential’, form="formatted",
1 status="unknown", lostat=ios)

Input the Geometrical Parameters of the Filter Element from the Excel Sheets

£ ===== =

print*, *Enter the height of pleat in (mm) ="
read*, hp

print*, "Enter the number of pleats ="
read*, ng

print®, ‘Enter the height of element in (mm) =

read*, el
print*, "Bnter the filtering area in (m*2) ="
read*, fa
print*, "Enter the diameter of the inner core in (mm) = '
readt, di
c Input the co-ordinates to be used for evaluation of Beundary Conditions
P e S P A e
print*, "Read the lst set of co-ordinate : x,v"
read*, xah, yah
print*, "Read the 2nd set of co-ordinate : x,¥7
read*, x3kl, yikl
print¥, *Read the 1st get of co-ordinate : x.y*
read*, xfgfd, vfgfd
print*, "Read the 1st set of co-ordinate : x;¥"
read*, »1dkdid, yldkdjd
print*, "Read the lst set of co-ordinate : x,y"
read* xadbd, yadbd
3 Input the Density of Fluid
e S=S==ss = =-——
print#*, "Enter the density in (kg/m*3) ="
read*, density
et Total number of date sets i.e. Flow Rate, Pressure Drop and Viscosity Data for the Filter
Element
c T A e = = =i .
print*, "Enter the total number of data sets ="
read*, ntd
= Input the Flow Rate, Pressure Drop and Viscosity Data the Filter Element from the Bxcel S
heets
g ... .S e o =
do i=1,ntd
ji=4
print*, "Enter the flow rate in (lit/min), percentage loss in area
1 and viscosity in {cSt)*®
read*, friij),pdi{ii),visc(ij)
pd{iil=pdi(ij)/100.0
end do
£ Writing in the data file to be used by Filter Analyis Code
B o msemmemmesicioisioaiiociaoo
[ Write the total number of sets of data
P 0 S SR e S S R
write(51,2001) ntd
c Write the total filtering area and density
c - s FTTE
(] Write the Flow Rate in (lit/min), Pressure Drop in (bar) and Viscosity in (Pa.s)
c R e e R S e

visc{jj)=visc(i3)*0.000001%density
write(51,2002) fri(jj) . pd(di) . visc(if)
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end do

n

Write the co-ordinates in (m} to be used for the calculation of boundary conditions

write(51,2003) xab,yab
write(51,2003) xjkl,yikl
write(51,2003) xfgfd, yvfgfd
write(51,2003) xldkdid,yldkdid
write (51, 2003) xadbd, yadbd

Write the Geometrical Parameters of the Filter Element

na

Number of Pleats

Height of Filter Element (mm)
Length of Pleat {mm)
Height of Filter Element (mm)

write(51,2004) np
write(51,2004) hp
write(51,2004) el
write(51,2004) di

100 format(E0a)
2001 format(is)
2002 format(10x,d10.5,10%,d10.5,10%,d10.5)
2003 format(5x,g22.12,g22.12})
2004 format (10x, £10.5)
2005 format (10x,d10.5,10x,d10.5)

1101 farmat(' ',/}

1111 format (/' This auxilliary program generates the Reference
lecartridge ID file *',/°' to be used in execution of ACFAMP.
1It will now ask the user te input ', /' relevant data to be
lused in cartridge filter analysis')

1121 format(' ', 2(/))

1131 format(" EEKERAANE AT RIS R NN TN SN R AR N R AR A Ak p bt btk dhh
LHEE kR kR Rk kA kAN )

close (51)
end




