Calculations walkthrough of the Predictive Crystallizer
Excel unitop

The predictive crystallizer unitop is able to calculate the solubility of asolidinaliquid
phase based upon the heat of fusion, melting temperature, and liquid activity coefficient.
The unit then “reacts’ the liquid form of a component into the solid form, allowing us to
calculate fractional crystallizations with a minimum of information.

The predictive crystallizer is an excel unit operation. Assuch all calculations are donein
an excel workbook. In this particular case, all the calculations are handled by visual
basic code. There are two main macros (visua basic subroutines) which handle the
calculations:

CalcSolubility: performs the calcul ations
Reporting: outputs values to the worksheets
CalcSolubility:

There are six main stepsin the calculation procedure:
1) add up all liquid and solid fraction of a component
2) calculate solubility of the component

3) Flash the outlet to determine new enthal py

Step 2 isaloop, because as the liquid mole fractions change, so does the liquid activity
coefficient, and thus solubility(which is dependent on activity coefficient).

Step 1) summing component flows

This step is performed using a function ComponentMoles. Component moles cycles
through all of the inlets, summing up both solid and liquid portions, to return the total #
of moles for that component coming in.

Next we use the LowestPressure function to return the lowest pressure entering the
crystallizer, and we use Total Enthalpy to sum up the total enthalpy entering the unit.

We reflash the combination of inlets at the specified temperature, and lowest pressure to
get ready for the loop.

Step 2) Calculating Solubility

The Solubility calculations are done in an iterative loop, because as the component
solubilites change so do the activity coefficients, which impact the solubility.

Thereis asecond loop level where we loop through each possible solid component,
calculating the solubility for each component one at atime. The activity coefficients are
determined by using the function GetActivityCoeff. The actual solubility of a component
iscalculated in the function xsol. A mass balance is done to split any solid fractionsto
their respective solid components.



At this point the current solubility fractions are compared to the last iterations solubility,
if the total sum of changesis|ess than .000001 mole fraction we consider the loop
converged, if more than 200 iterations have run the loop did not converge .

Step 3)Reflashing, and sending outlet stream information back into CHEMCAD. The
final steps areto transfer stream composition and unitop information back into the
CHEMCAD simulation, thisis simply a matter of calling the appropriate stream and
unitop objects and putting the information into them

Reporting:

The reporting subroutine copies process information into the Excel spreadsheet asa
summary sheet for the unitop. No real calculations are done in this subroutine, it isfor
reporting purposes only.



Sample Code:

What followsis a printout of al the code used to create this unitop. The actual unitop
may be viewed by downloading the predictive crystallizer example from our website
www.chemstations.net

CalcSolubility:
Sub Cal cSol ubil'ity(ByVal ChenmCADEntry As Cbject)

this routine is to create an overall framework for the cal cul ati ons

1) add up all liquid and solid fraction= TOTFRACTION (nol e fraction)
2) cal cul ate xsol
3) if xsol is greater than TOTFRACTION then it's all liquid

4) if xsol is less than TOTFRACTION then the liquid fraction is Xsol,

the bal ance is solid

5) TOTAL UP OTHER COVPONENT FLOWS
6) Using LowPressure and Enthal py totals, do a PE flash

' get chenCAD objects
Dm CurUnitQp As bj ect
Dmstrinfo As Object
D m strConv As (bj ect
D muoplnfo As Obj ect
Di m uopConv As (bj ect
Dim Fl ash As (bj ect

Set CurUnitOp = ChenCADEntry. Get CurUnit Qp
Set strinfo ChenCADENnt ry. Get Stream nf o

Set strConv = ChenCADEntry. Get St reanni t Conver si on
Set uoplnfo = ChenCADEntry. Get Uni t Opl nfo
Set uopConv = ChenCADENtry. Get Uni t QoSpecUni t Conver si on

Set Flash = ChenCADEntry. Get Fl ash

" Ceneral declarations

D m check As Integer

Di m Conpl ndex As I nteger

D m compCount As | nteger

D m Cnpf |l owr at esLbnol _Hr (SI ZE_COWP_ARRAY) As Single
Dmn As I|nteger

'1) Conbine fl ow ates

"Cet the total flows of each conponent into CnpFl ow atesLbrmol HR, sum
into total nole

Dimliquidnole As Single
Dim solidmole As Single
Dmtotal nole As Single



compCount = strl nfo. Get NoOf Conponent s
totalnmole = 0 ' Zero the total
For Conplndex = 1 To compCount Step 1

Cnpf | ow at esLbrol _Hr ( Conpl ndex) = Conponent Mol es( ChenCADENt ry,
Compl ndex)

totalnole = total nol e + Cpfl ow at esLbnol _Hr ( Conpl ndex)

Next Conpl ndex

"2)flash it at operating T and | owest P

D m set Tenper at ure

Diminletl Ds(SlI ZE_STREAM ARRAY) As | nteger
DmtempR As Single

Dim PresPsia As Single

Di m vapFrac As Single

DmenthBtu_H As Single

Di m conpLbnol _Hr (SI ZE_COWP_ARRAY) As Single

"Cet Lowest Pressure and total Enthal py
Dim Lowest P As Single

Di m TEnt hal py As Single

Dmnyl D As | nteger

DmnyPar (1 To SI ZE UNI TOP_ARRAY) As Single
Di m St reamlot al Ent hal py As Single

myl D = Cur Unit Op. Get Cur Uni t Opl D
check = uopl nfo. Get Uni t QpSpecByl D(nyl D, mnyPar)

Lowest P = LowPr essur e( ChenCADEntry, nyl D)
TEnt hal py = Tot al Ent hal py( ChenCADEnt ry, mnyl D)
St reanilot al Ent hal py = TEnt hal py

set Tenperature = nyPar(2)
"Flash it

check = Fl ash. Defi neFeedSt rean( set Tenperature, LowestP, TEnthal py,
Cnpf | owr at esLbnol _Hr)

check = Fl ash. Cal cul at eTPFl ash(set Tenper at ure, LowestP)

"get the outlet liquid Stream data
D m Li qui dCpFl owr at esLbrol _hr ( SI ZE_COWP_ARRAY) As Single

check = Fl ash. GetLi qui dStream(tenpR, PresPsia, enthBtu_Hr,
total nol e, Liqui dCpFl ow at esLbnol _hr)

"CGet the liquid and solid conponents together

' get parameters and cal culate fractions
Di m | i qui dConponent (5), Sol i dConponent (5) As | nteger
D m TOTFRACTI ON(5) As Single



Dm Trel t K(5) As Single
Di m Hf usi on(5) As Single

For n =1 To 5

[ i qui dConmponent (n) = nyPar(5 * n + 1)
Sol i dConponent (n) = nyPar(5 * n + 2)
TreltK(n) = (5# / 9#) * nyPar(5 * n + 4)
Hf usi on(n) = nyPar(5 * n + 3)

Next n

'cal cul ate Xsol

LR R kR O R R R I O S R S

Di m converged As | nteger
DmError As Single

Dim Solid(5) As Single
Dimlterations As I|nteger
Dim |l astSolid(5) As Single
Di m Act Coeff (5) As Single
Di m XSol ubi lity(5) As Single

unitop parameters 2 and 3 define the liquid and solid conponents

Di m Li qui dActivityFlows(1 To SIZE COW_ARRAY) As Single 'used to pass

flows to activity coeff fcn
Di m Tot al Li qui dnol es As Singl e

Di m Tenper K As Single

‘convert Tenp data
TemperK = (5# / 9#) * nyPar(2)

"initialize last iterations val ues
Iterations = 0

For n =1 To 5

| ast Sol i d(n) = Li qui dCnpFl ow at esLbnol _hr ( Sol i dConponent (n))

Act Coeff(n) =1
Next n

Do Wi le converged = 0

'reset error value for this iteration
Error = 0O

check = Fl ash. Defi neFeedSt r ean( set Tenperature, LowestP, TEnthal py,

Li qui dCnpFl owr at esLbrol _hr)
check = Fl ash. Cal cul at eTPFl ash(set Tenper ature, LowestP)

"get the outlet liquid Stream data



check = Fl ash. GetLi qui dStrean(tenpR, PresPsia, enthBtu_Hr,
total nol e, Li qui dCpFl ow at esLbnol _hr)

For n =1 To 5
Conpl ndex = |i qui dConponent ( n)

I f Conplndex = 0 Then
XSolubility(n) =0
GoTo ski p:

End I f

' Speci al case for pure conponent
I f (Liqui dCpFl owr at esLbmol _hr (1i qui dConponent (n)) +
Li qui dCnpFl owr at esLbrol _hr ( Sol i dConmponent (n))) / totalnole = 1 Then

If TenperK < TneltK(n) Then
XSolubility(n) = O#

El se
XSolubility(n) = 1#

End | f

El se

Act Coeff(n) = GetActivityCoeff(ChenCADEntry, Conpl ndex,
nmyPar (2), PresPsia, enthBtu_Hr, LiquidCnpFlow atesLbnol _hr)

Thi sWor kbook. Acti veSheet. Cell s(3 + n, 6).value =
Act Coef f (n)

XSol ubi lity(n) = Xsol (TenperK, TneltK(n), Hfusion(n),
Act Coeff (n))

If XSolubility(n) < 0 Then
XSolubility(n) =0
End | f

End If

"put Xsol in unit par #6, 15, 20, 25, 30
myPar (5 * n + 5) = XSol ubility(n)

Tot al Li qui dnol es = Li qui dSum( ChenCADEntry, nyPar (2), PresPsia,
Li qui dCnpFl owr at esLbrol _hr)

I f Total Li qui dnoles > 0 Then
TOTFRACTI ON(n) = (Li qui dCrpFl owr at esLbrol _hr ( Sol i dConponent (n))
+ Li qui dCnpFl owr at esLbnol _hr (1'i qui dConponent (n))) / Tot al Li qui dnol es
El se
TOTFRACTI ON(n) = O#
End I f

"check if Xsolubility> TOTFRACTION then solid fornms, otherwise it's
all liquid



I'f XSol ubility(n) > TOTFRACTI ON(n) Then

Li qui dCnpFl ow at esLbnol _hr (1i qui dConponent (n)) =
Cnpf | ow at esLbnol _Hr ( Sol i dConponent (n)) +
Cnpf | ow at esLbnol _Hr (1i qui dConponent (n))

Li qui dCmpFl owr at esLbmol _hr ( Sol i dConponent (n)) = 0 ' No
solid

El se "solid forns

Li qui dCnpFl ow at esLbnol _hr (1i qui dConmponent (n)) =
XSol ubi lity(n) * Total Li qui dnol es

Li qui dCpFl ow at esLbrol _hr ( Sol i dConponent (n)) =
( Cnpf | owr at esLbnol _Hr ( Sol i dConponent (n)) +
Cnpf | ow at esLbnol _Hr (1i qui dConponent (n))) - (XSolubility(n) *
Tot al Li qui dnol es)

End If

' check convergence

Solid(n) = Liqui dCrpFl ow at esLbrol _hr ( Sol i dConponent (n))
If Solid(n) > 0 Then
Error = Error + (Abs(lastSolid(n) - Solid(n)) / (Solid(n)))
El self lastSolid(n) > 0 Then
Error = Error + 1
End I f

| ast Sol i d(n) = Solid(n)

ski p:
Next n
If Error < 0.000001 Then
converged =1
End |f
If Iterations > 200 Then
converged = -1
End I f
Iterations = Iterations + 1
Loop

"Reflash it, to calculate heat duty



check = Fl ash. Defi neFeedSt rean( myPar (2), Lowest P, TEnt hal py,
Li qui dCnpFl owr at esLbnol _hr)
check = Fl ash. Cal cul at eTPFl ash(nyPar (2), LowestP)

' Get Vapor and Liquid outs
Dim Tout As Single
D m Pout As Single
Di m vapor Hout As Single
Di m Li qui dHout As Single
Di m vapor Tnol es As Single
DimliquidTnol es As Single
Di m Vapor Qut Mol es( SI ZE_COVP_ARRAY) As Single
Di m Li qui dQut Mol es( SI ZE_COWP_ARRAY) As Single

check = Fl ash. Get Vapor St rean( Tout, Pout, vaporHout, vapor Tnol es,
Vapor Qut Mol es)

check = Fl ash. Get Li qui dStrean{ Tout, Pout, LiquidHout, |iquidTnoles,
Li qui dQut Mol es)

Dim Qutl et Ent hal py As Single
Qut | et Ent hal py = vapor Hout + Li qui dHout

"wite out heat duty
myPar (3) = CQutl et Enthal py - Streanilotal Ent hal py

"Cet outlet IDs

Dimoutletl Ds(1 To SI ZE_STREAM ARRAY) As | nteger

check = CurUnitQp. GetQutletl Ds(outl etl Ds)
"If there is one outlet, it all goes out it, if 2 outlets, vapor out
the first, s+l out second.

Di m conponent count As | nteger
Di m Tot al ConpQut ( SI ZE_COWP_ARRAY) As Single
D m Bl ankConpArray( Sl ZE_COVP_ARRAY) As Single

If CurUnitQOp. Get NoOFQutlets = 1 Then 'only one outl et

For conmponentcount = 1 To Sl ZE_COVP_ARRAY
Tot al ConpQut (conponent count) =
Vapor Qut Mol es( conponent count) + Li qui dCut Mol es(conponent count)
Next conponent count

" Cal cul ate vapor fraction safely
D m vaporfrac As Single
vaporfrac = Vapor Fraction(vapor Tnol es, |iquidTnol es)



check = strinfo.PutStreanByl D(outletlDs(1), Tout, Pout,
vaporfrac, QutletEnthal py, Total ConpQut)
End I f

"If there are two outlets vapor goes out the first
"Liquid goes out the bottom
[f CurUnitQOp. GetNoOfQutlets > 1 Then

check = strinfo.PutStreanByl D(outletlDs(1), Tout, Pout, (1#),
vapor Hout , Vapor Qut Mol es)

check = strinfo.PutStreanByl D(outletlDs(2), Tout, Pout, (0#),
Li qui dHout , Li qui dCut Mbl es)

For n = 3 To CurUnitQp. Get NoOF Qutl ets
check = strinfo.PutStreanByl D(outletlDs(n), Tout, Pout,
(0#), (0#), Bl ankConpArray)
Next n

End I f
"wite out unitop paraneters

check = uopl nfo. Put Uni t QoSpecByl D(nyl D, mnyPar)
End Sub



Component Moles function

Functi on Conponent Mol es(ByVal ChenCADEntry As (bject, Conplndex As
I nteger) As Doubl e
"returns the sumof noles entering the unitop for conponent conpi ndex
Dmninlets, i As Integer
DminletlDs(1 To Sl ZE STREAM ARRAY) As I nteger
DmtenmpR As Single
Di m vapFrac As Single
DimenthBtu_H As Single
Dim PresPsia As Single

Di m conpLbnmol _Hr (1 To SIZE COVP_ARRAY) As Single
Di m check As I nteger
Dimid As Integer

' get chenCAD objects
DmCurUnitQp As (bject
Dmstrinfo As Obj ect
D m strConv As (bj ect
D m uoplnfo As Obj ect
Di m uopConv As Obj ect

Set CurUnitOp = ChenCADEntry. Get Cur Unit Qp
Set strinfo ChenCADENnt ry. Get Stream nf o

Set strConv = ChenCADEntry. Get St reanbnit Conver si on

Set uoplnfo = ChenCADEntry. Get Uni t Opl nfo

Set uopConv = ChentCADENt ry. Get Uni t QoSpecUni t Conver si on
‘zero it

Conponent Mbles = 0
ninlets = CurUnitQOp. Get NoOf I nl ets
check = CurUnitQp. GetlnletlDs(inletlDs) ' sets the array of streamids

For i =1 To ninlets
id=inletlDs(i)

check = strinfo.GetStreanByl D(id, tenpR, PresPsia, vapFrac,
ent hBtu_Hr, conpLbnol _Hr)

Component Mbl es = Conponent Mol es + conplLbnol _Hr ( Conpl ndex)
Next i

End Functi on



GetActivityCoeff function

Function GetActivityCoeff(ByVal ChenCADEntry As (bject, ComponentlD As

Integer, tenpR As Single, PresPsia As Single, enthBtu H As Single,
Li qui dCnpFl owr at esLbmol _hr) As Single

' Returns a single activity coefficient

Di m act Fl ash As (bj ect

Di m act kval ues As (bj ect

Di m check As | nteger

Dim act CurUnitOp As bj ect

Di m act uopl nfo As (bj ect

Dimn, i As |nteger
Dimtenpflowates(1l To Sl ZE _COWP_ARRAY) As Single

Set act Fl ash = ChenCADEntry. Get Fl ash

Set act kval ues = ChentCADENnt ry. Get Kval ues

Set act CurUnitOp = ChenCADEntry. Get Cur Unit Op
Set actuopl nfo = ChenCADEntry. Get Uni t Opl nfo

Dimnyl D As | nt eger
Dim nyPar (1 To SIZE UNI TOP_ARRAY) As Single

myl D = act Cur Uni t Op. Get Cur Uni t Opl D

check act uopl nf o. Get Uni t QpSpecByl D{ nyl D, myPar)

For n 1 To Sl ZE COVP_ARRAY

tenpfl ow ates(n) = Li qui dCnpFl ow at esLbnol _hr (n)

For i =1 To 5
If n=nyPar(5 * i + 2) Then
tenpfl ow ates(n) = 0#
End I f

Next i
Next n

check = actFl ash. Defi neFeedStrean{tenpR, PresPsia, enthBtu_Hr,
t enpf | ow at es)

I f act Fl ash. Cal cul at eTPFl ash(tenpR, PresPsia) = 1 Then
" try vtflash
I f act Fl ash. Cal cul at eVTFl ash(0#, tenpR) = 1 Then
' try vpflash
I f act Fl ash. Cal cul at eVPFl ash(0#, PresPsia) = 1 Then
"Flash didn 't converge
End I f
End I f
End I f



Di m Li qui dconpLbrmol _Hr (1 To SI ZE_COWP_ARRAY) As Single
Di m Vapor conpLbnol _Hr (1 To SI ZE COVP_ARRAY) As Single
Di m Tot al LFl ow As Singl e

Di m Tot al VFl ow As Singl e

Dim Li quidHBtu_Hr As Single

Di m VaporHBtu_Hr As Single

'now separate the vapor and liquid
If Not (actFlash. GetlLiquidStrean(tenpR, PresPsia, LiquidHBtu_Hr,
Tot al LFl ow, Li qui dconpLbrol _Hr)) > 0 Then
For n = 1 To SI ZE _COVP_ARRAY
Li qui dconpLbrol _Hr (n) = tenpfl ow at es(n)
Next n

End If

check = actFl ash. Get Vapor Strean(tenpR, PresPsia, VaporHBtu_Hr,
Tot al VFI ow, Vapor conpLbnol _Hr)

"send the vapor and liquid to the kval ue object

check = actkval ues. Defi neLi qui dStream(t enpR, PresPsi a,

Li qui dconpLbnol _Hr)

check = actkval ues. Def i neVapor St r eanConponent Rat es( Vapor conpLbnol _Hr)

"get the activity coefficients
D m ActivityC(SI ZE_ COVWP_ARRAY) As Single

check = actkval ues. Get ActivityCoefficients(ActivityC)

If ActivityC(ConponentlD) > 0 Then
Get ActivityCoeff = ActivityC(Conmponentl D)
El se
Get ActivityCoeff =1
End I f

End Function



LiquidSum function

Functi on Li qui dSun{ ChenCADEntry As Object, tenmpR As Single, PresPsia As

Singl e, conponentflows) As Single
Dim Fl ash As (bj ect

Di m Kval ues As bj ect

Di m check As | nteger

Dim CurUnitOp As bj ect

Di m uopl nfo As (bj ect

Dmn, i As Integer

Set Flash = ChenCADEntry. Get Fl ash

Set Kval ues = ChenCADEnt ry. Get KVal ues

Set CurUnitOp = ChenmCADEntry. Get Cur Uni t Op

Set uoplnfo = ChemCADEntry. Get Uni t Opl nfo

Dimnyl D As | nt eger

DimnyPar (1 To S| ZE UNI TOP_ARRAY) As Single

Di m tenpconponentflow(1l To SIZE COWP_ARRAY) As Single
nyl D = Cur Unit Op. Get Cur Uni t Opl D

check = uopl nfo. Get Uni t QoSpecByl D(nyl D, mnyPar)

For n 1 To SIZE_COW_ARRAY

t enpconponent f1 owm( n) = conponent fl ows( n)
For i =1 To 5

If n=nyPar(5 * i + 2) Then

t enpconmponentflow(n) =0

End If

Next i

Next n

check = Fl ash. Defi neFeedStrean(tenmpR, PresPsia, 0, tenpconponentfl ow)
check = Fl ash. Cal cul at eTPFl ash(tenpR, PresPsi a)

Di m Li qui dconpLbrol _Hr ( SI ZE_COVP_ARRAY) As Singl e
Di m Vapor conpLbnol _Hr ( SI ZE_COMP_ARRAY) As Single
Di m Tot al LFl ow As Singl e

Di m Tot al VFl ow As Single

Dim Li qui dHBtu_Hr As Single

Di m VaporHBtu_Hr As Single

'now separate the vapor and liquid

check = Fl ash. GetLi qui dStream(tenpR, PresPsia, LiquidHBtu_ Hr,
Tot al LFl ow, tenpconponentfl ow)

Li qui dSum = Tot al LFl ow

End Functi on



LowPressure function

Functi on LowPressure(ChemCADEntry As Cbject, UnitlD As Integer) As
Singl e

"Returns the | owest NONZERO pressure in psia fromfeed streans, neant
to find the | ow pressure

Dim CurUnitOp As bj ect

Dimstrinfo As (bject

DmtenpR As Single

Di m vapFrac As Single

DimenthBtu_Hr As Single

Di m conpLbnol _Hr (1 To SIZE COWP_ARRAY) As Single

Di m check As | nteger

Dimninlets As Integer
DminletlDs(1 To SI ZE_STREAM ARRAY) As I nteger

Set CurUnitOp = ChenmCADEntry. Get Cur Uni t Op
Set strinfo = ChenCADEntry. Get Stream nfo

ninlets = CurUnitQOp. Get NoOf I nl ets
check = CurUnitOp. GetlnletlDs(inletlDs)

Di m Pressurearray(Sl ZE_STREAM ARRAY) As Single
Dimi As Integer

For i =1 To ninlets
check = strinfo.CGetStreanByl D(inletlDs(i), tempR
Pressurearray(i), vapFrac, enthBtu_Hr, conpLbnol Hr)
Next i

i =1 '"reset counter

"Now find the | owest non-zero pressure

LowPressure = Pressurearray(1l)

For i = 2 To 13

If (Pressurearray(i) < LowPressure And Not (Pressurearray(i) = 0)) Then
LowPressure = Pressurearray(i)

End | f

Next i

End Functi on



Reporting Subroutine

Sub Reporting(ByVal ChenCADEntry As (bject)
' The purpose of this subroutine is to Copy reporting information into
t he Excel Spreadsheet

On Error Resunme Next

generate a table of inlet streamdata in current user units

get chenCAD obj ects
m CurUnit Op As Obj ect
mstrinfo As (bject
m strConv As (bj ect
m uopl nfo As (bj ect
m uopConv As (bj ect

Sl vivRvaw}

Set CurUnitOp = ChenCADEntry. Get Cur Unit Qp
Set strinfo ChenCADENnt ry. Get Stream nf o

Set strConv = ChenCADEntry. Get St reanbnit Conver si on

Set uoplnfo = ChenCADEntry. Get Uni t Opl nfo

Set uopConv = ChentCADEntry. Get Uni t QoSpecUni t Conver si on
"inlets

D m check As Integer
Dmninlets As |nteger
D m noutl ets As | nteger

ninlets = CurUnitQp. Get NoOFInlets
noutlets = CurUnitQp. Get NoOF Qutl ets

DminletlDs(1 To SI ZE STREAM ARRAY) As I nteger
DmoutletlDs(1 To SI ZE_STREAM ARRAY) As I nteger
check = CQurUnitQp. GetQutl etl Ds(outl etl Ds)

' setup table header
DmtempUnit As String
DimpresUnit As String
DmenthUnit As String
Dim nol eRateUnit As String
Dim massRateUnit As String
Dim stdLRateUnit As String
Dim stdVRateUnit As String
Dim compUnit As String

Di m conpCat egory As String

check = -1

"check = strConv. Get CurUser Uni tBStr (tenmpUnit, presUnit, enthUnit,
nmol eRat eUnit, massRateUnit, stdLRateUnit, stdVRateUnit, compUnit,
compCat egory)

strConv. Get CurUserUnitString tempUnit, presUnit, enthUnit,
nmol eRat eUnit, massRateUnit, stdLRateUnit, stdVRateUnit, compUnit,
conpCat egory

Di minl et Sheet As Wr ksheet
Set inletSheet = Wrksheet s(" | NSTREAMS")



i nl et Sheet. Cel | s(STREAM ROW SECTI ON_TI TLE, STREAM COL_NAMES) . val ue
= "Inlet Streans"

i nl et Sheet. Cel | s(STREAM ROV | D, STREAM COL_NAMES) . val ue = "Stream
| Ds*"

i nl et Sheet. Cel | s(STREAM ROW LABEL, STREAM COL_NAMES). val ue =
"Label s"

i nl et Sheet . Cel | s( STREAM ROW TEMPERATURE, STREAM COL_NAMES) . val ue
"Tenper at ure"

i nl et Sheet. Cel | s( STREAM_ ROV TEMPERATURE, STREAM CCOL_UNITS) . val ue
t emrpUni t

i nl et Sheet . Cel | s( STREAM_ROW PRESSURE, STREAM CCOL_NAMES) . val ue
"Pressure"

i nl et Sheet . Cel | s( STREAM_ROW PRESSURE, STREAM CCL_UNITS). val ue
presUni t

i nl et Sheet. Cel | s( STREAM _ROW ENTHALPY, STREAM COL_NAMES) . val ue
" Ent hal py"

i nl et Sheet. Cel | s( STREAM _ROW ENTHALPY, STREAM COL_UNITS). val ue
ent huni t

i nl et Sheet . Cel | s( STREAM ROW MOLE_FRACTI ON, STREAM COL_NAMES) . val ue
"Vapor Mol e Fraction”

i nl et Sheet. Cel | s(STREAM ROV MOLE_FLOARATE, STREAM COL_NAMES) . val ue
"Total Ml e Fl owRrate"

i nl et Sheet. Cel | s(STREAM ROV MOLE_FLOARATE, STREAM COL_UNI TS). val ue
nol eRat eUni t

i nl et Sheet. Cel | s( STREAM _ROW MASS_FLOWRATE, STREAM COL_NAMES) . val ue
"Total Mass Fl owRrate"

i nl et Sheet. Cel | s( STREAM ROW MASS FLOARATE, STREAM COL_UNI TS). val ue
massRat eUni t

i nl et Sheet . Cel | s( STREAM ROW STD_LI Q VOLRATE,

STREAM COL_NAMES) . val ue = "Total Std. Lig. Vol. Fl owRate"
i nl et Sheet . Cel | s( STREAM ROV STD_LI Q VOLRATE,

STREAM COL_UNI TS) . val ue = stdLRateUnit

i nl et Sheet . Cel | s( STREAM _ROW STD_VAP_VOLRATE,

STREAM COL_NAMES) . val ue = "Total Std. Vap. Vol. Fl owRate"
i nl et Sheet . Cel | s( STREAM ROW STD_VAP_VOLRATE,

STREAM COL_UNI TS) . val ue = stdVRateUnit

Wor ksheet s(" 1 NSTREAMS") . Act i vat e

Cel | s( STREAM_ROW COVPFLOW VALUE, STREAM CCOL_NAMES) . val ue
conpCat egory

Cel | s( STREAM_ROW COVPFLOW VALUE, STREAM COL_UNITS). val ue = conmpUni t

"intl et Sheet. Cel | s(STREAM ROW STD_VAP_VOLRATE, STREAM COL_VALUE +
1) . Val ue = Tot al St dvVol Fl owRat e()

Di m Conpl ndex As I nteger
D m compCount As | nt eger
D m cur Row As I nt eger

Di m conpNane As String



Di m conpl D As I nteger
cur Row = STREAM ROW COVPFLOW VALUE
compCount = strl nfo. Get NoOf Conponent s

For Conplndex = 1 To compCount Step 1
conpNane = strl nfo. Get Conponent NameByPosBaseOne( Conpl ndex)
conpl D = strl nfo. Get Conponent | DByPosBaseOne( Conpl ndex)

i nl et Sheet . Cel | s(cur Row + Conpl ndex, STREAM CCOL_NAMES) . val ue
conpNane
i nl et Sheet . Cel | s(cur Row + Conpl ndex, STREAM COL_UNITS). val ue
conpl D
Next Conpl ndex
' prepare flash data
DmtenpR As Single
Dim PresPsia As Single
Di m vapFrac As Single
DmenthBtu_H As Single
D m conpLbrol _Hr (1 To SI ZE_COVP_ARRAY) As Single

Dim Pressure As Single

D m ent hal py As Single

Dimtenperature As Single

Dmnmf As Single

D m nol eRate As Single

D m massRate As Single

Dim stdLRate As Single

Dim stdVRate As Single

D m compRate(1 To SI ZE COVWP_ARRAY) As Single

D m st ream ndex As | nteger
Dmid As Integer

D midcopy As Integer

D m col As I|nteger

D m cur Col As Integer

cur Col = STREAM COL_VALUE

D m val Keeper As I nteger

For streamindex = 1 To ninlets Step 1
val Keeper = streamnl ndex
id = inletlDs(stream ndex)
i dcopy = id

check = strinfo.GetStreanByl D(id, tenmpR PresPsia, vapFrac,
ent hBtu_Hr, conpLbnol Hr)

Rem These two statenents are al ways used toget her

check = strConv. DefineStream nlnternal Unit(tenmpR, PresPsia,
ent hBtu_Hr, conpLbnol Hr)

check = strConv. Get Stream nCurUserUnit(tenperature, Pressure,
ent hal py, nol eRate, massRate, stdLRate, stdVRate, conpRate)

col = curCol + val Keeper
i nl et Sheet. Cel | s(STREAM ROV I D, col).value =
i nl et1Ds(val Keeper)



i nl et Sheet. Cel | s(STREAM ROW LABEL, col).value =
strinfo. GetStreaniabel Byl D(i dcopy)

i nl et Sheet . Cel | s( STREAM RON TEMPERATURE, col).val ue =
t enperature
i nl et Sheet . Cel | s( STREAM ROW PRESSURE, col).value = Pressure
i nl et Sheet . Cel | s( STREAM ROW ENTHALPY, col).val ue = ent hal py
i nl et Sheet . Cel | s(STREAM RON MOLE_FRACTI ON, col ). val ue = vapFrac

i nl et Sheet. Cel | s( STREAM_ RON MOLE_FLOARATE, col). val ue
nol eRat e

i nl et Sheet . Cel | s( STREAM ROV MASS FLOARATE, col). val ue
massRat e

i nl et Sheet . Cel | s(STREAM ROV STD LI Q VOLRATE, col).value =
stdLRat e

i nl et Sheet . Cel | s( STREAM ROW STD _VAP_VOLRATE, col).val ue =
st dVRat e

For Complndex = 1 To conpCount Step 1
i nl et Sheet. Cel | s(cur Row + Conpl ndex, col).value =
conmpRat e( Conpl ndex)
Next Conpl ndex

stream ndex = val Keeper
Next stream ndex

generate a table of equipnent paranmeters in current user units
" unitop ID

Dimnyl D As | nteger

nmyl D = Cur Unit Op. Get Cur Uni t Opl D
' get paraneters

DmnyPar (1 To SI ZE UNI TOP_ARRAY) As Single

Dim nyParl nUserUnits(1l To Sl ZE UNI TOP_ARRAY) As Single

check = uopl nfo. Get Uni t OQpSpecByl D(nyl D, mnyPar)
check = uopConv. From nt ernal Uni t sToCur User Uni t s( nyPar,
myPar | nUser Uni t s)

Di m par Count As | nteger

D m parl ndex As I|nteger

D m | eadRow As | nt eger

| eadRow = UNI TOP_COL_VALUE

par Count = uopConv. Get NoOf Par anet er s( nyl D)

D m si nDat aSheet As Wor ksheet
Set sinDat aSheet = Wbrksheet s(" SI MDATA")
si nDat aSheet . Acti vat e

Di m parName As String

DmparUnitString As String

For parlndex = 2 To parCount Step 1
val Keeper = parl ndex

check = uopConv. Get CurUser UnitString(nyl D, parlndex,
par Uni t String, par Nane)



si mDat aSheet . Cel | s(| eadRow + par | ndex, UN TOP_COL_NAMES). val ue
par Name

si mDat aSheet . Cel | s(| eadRow + parlndex, UNI TOP_COL_UNTS). val ue
parUnitString

si mDat aSheet . Cel | s(| eadRow + parl ndex, UN TOP_CO._VALUE). val ue
nmyPar | nUser Uni t s( par | ndex)

parUnitString = ""
par Name = ""
Next parl ndex

"add the header

si mDat aSheet . Cel | s(UNI TOP_ROW SEC TI TLE, UN TOP_COL_NAMES) . val ue =
"Current UnitOp Paraneters”

si mDat aSheet . Cel | s(UNI TOP_ROW I D, UNI TOP_COL_NAMES) . value = "UnitQp
| D'

si mDat aSheet . Cel | s(UNI TOP_ROWN I D, UNI TOP_COL_VALUE) . val ue

nyl D

si mDat aSheet . Cel | s( UNI TOP_ROW LABEL, UN TOP_COL_NAMES) . val ue =
"Label "

si mDat aSheet . Cel | s(UNI TOP_ROW LABEL, UNI TOP_COL_VALUE). val ue
uopl nf 0. Get Uni t OpLabel Byl D( nyl D)

"CGet Qutlet Stream Data
Di m out | et sheet As Wr ksheet
Set outl etsheet = Wbrksheet s(" QUTSTREAMS")

out | et sheet . Cel | s( STREAM_ROW SECTI ON_TI TLE, STREAM COL_NAMES) . val ue
= "Inlet Streans"

out | et sheet. Cel | sS(STREAM ROW I D, STREAM CCOL_NAMES) . val ue = "Stream
| Ds*"

out | et sheet . Cel | s( STREAM_ ROW LABEL, STREAM COL_NAMES) . val ue =
"Label s"

out | et sheet . Cel | s( STREAM_ROW TEMPERATURE, STREAM CCOL_NAMES) . val ue
"Tenper at ure"

out | et sheet . Cel | s( STREAM_ROW TEMPERATURE, STREAM CCOL_UNITS). val ue
t emrpUni t

out | et sheet. Cel | s( STREAM_ROW PRESSURE, STREAM COL_NAMES) . val ue
"Pressure"

out | et sheet. Cel | s( STREAM ROW PRESSURE, STREAM COL_UNITS). val ue
presUni t

out | et sheet . Cel | s( STREAM _ROW ENTHALPY, STREAM COL_NAMES) . val ue
" Ent hal py"

out | et sheet . Cel | s( STREAM _ROW ENTHALPY, STREAM COL_UNITS). val ue
ent huni t

out | et sheet. Cel | s( STREAM ROW MOLE_FRACTI ON, STREAM COL_NAMES) . val ue
"Vapor Mol e Fraction”

out | et sheet . Cel | s( STREAM_ ROV MOLE_FLOWARATE, STREAM COL_NAMES) . val ue
"Total Mol e Fl owRrate"



out | et sheet . Cel | s( STREAM_ ROV MOLE_FLOARATE, STREAM COL_UNITS). val ue
nol eRat eUni t

out | et sheet . Cel | s( STREAM_ ROV MASS FLOARATE, STREAM COL_NAMES) . val ue
"Total Mass Fl owRrate"

out | et sheet . Cel | s( STREAM_ ROV MASS FLOWRATE, STREAM COL_UNITS). val ue
massRat eUni t

out |l et sheet. Cel | s( STREAM ROW STD_ LI Q VOLRATE,

STREAM COL_NAMES) . val ue = "Total Std. Lig. Vol. Fl owRate"
out | et sheet. Cel | s(STREAM ROW STD LI Q VOLRATE,

STREAM COL_UNI TS) . val ue = stdLRateUnit

out | et sheet. Cel | s( STREAM ROW STD_VAP_VOLRATE,

STREAM COL_NAMES) . value = "Total Std. Vap. Vol. Fl owRate"
out | et sheet. Cel | s( STREAM ROW STD_VAP_VOLRATE,

STREAM COL_UNI TS) . val ue = stdVRateUnit

Wor ksheet s(" QUTSTREAMS") . Acti vat e

Cel | s( STREAM_ROW COVPFLOW VALUE, STREAM CCL_NAMES) . val ue =
conpCat egory

Cel | s( STREAM_ROW COVPFLOW VALUE, STREAM COL_UNITS). val ue

conmpUni t

cur Row = STREAM ROW COVPFLOW VALUE
compCount = strl nfo. Get NoOf Conponent s

For Conmplndex = 1 To compCount Step 1
conpNane = strlnfo. Get Conponent NameByPosBaseOne( Conpl ndex)
conmpl D = strl nfo. Get Conponent | DByPosBaseOne( Conpl ndex)

out | et sheet. Cel | s(cur Row + Conpl ndex, STREAM COL_NAMES). val ue =
conpNanme
out | et sheet. Cel | s(cur Row + Conpl ndex, STREAM COL_UNITS). val ue
conpl D
Next Conpl ndex

prepare flash data

cur Col = STREAM COL_VALUE

For streamindex = 1 To noutlets
val Keeper = streamn ndex
id = outletlDs(streamn ndex)
i dcopy = id

check = strinfo.GetStreanByl D(id, tenmpR PresPsia, vapFrac,
ent hBtu_Hr, conplLbnol Hr)

Rem These two statenents are al ways used toget her

check = strConv. DefineStream nlnternal Unit(tenmpR, PresPsia,
ent hBtu_Hr, conpLbnol _Hr)

check = strConv. Get Stream nCurUserUnit(tenperature, Pressure,
ent hal py, nol eRate, nassRate, stdLRate, stdVRate, conpRate)



col = cur Col
out | et sheet.
out | et | Ds(val Keeper)
out | et sheet .
strlnfo. GetStreanLab

out | et sheet .
t enperature

out | et sheet.

out | et sheet.

out | et sheet.

+ val Keeper
Cel | s(STREAM RONI D, col).value =

Cel | s(STREAM ROW LABEL, col).value =
el Byl D(i dcopy)

Cel | s( STREAM _ROW TEMPERATURE, col).val ue =
Cel | s( STREAM_ROW PRESSURE, col).value = Pressure

Cel | s( STREAM_ROW ENTHALPY, col).val ue = ent hal py
Cel | s( STREAM ROW MOLE_FRACTI QN, col ). val ue =

vapFrac

out| et sheet. Cel | s(STREAM RON MOLE_FLOARATE, col).value =
nol eRat e

out | et sheet. Cel | s( STREAM ROV VASS_FLOARATE, col).value =
massRat e

out | et sheet. Cel | s(STREAM ROW STD LI Q VOLRATE, col).value =
stdLRat e

out | et sheet. Cel | s( STREAM ROW STD VAP_VOLRATE, col).value =
st dVRat e

For Complndex = 1 To conpCount Step 1

out | et sheet. Cel | s(cur Row + Conpl ndex, col).value =

conmpRat e( Conpl ndex)

Next Conpl ndex

st r eanl ndex
Next streamnml ndex

End Sub

= val Keeper



TotalEnthalpy function

Function Tot al Ent hal py( ChenmCADEntry As bject, UnitlD As Integer) As
Si ngl e

"Returns the totalenthal py in internal units

Dim CurUnitOp As bj ect

Dimstrinfo As (bject

DimtenpR As Single

Di m vapFrac As Single

DimenthBtu_Hr As Single

Dim Pressure As Single

Di m conpLbnol _Hr (1 To SIZE _COWP_ARRAY) As Single
Di m check As | nteger

Dimninlets As Integer
DminletlDs(1 To SI ZE_STREAM ARRAY) As I nteger

Set CurUnitQp = ChentCADEntry. Get Cur Uni t Op
Set strinfo = ChenmCADEntry. Get Stream nfo

ninlets = CurUnitQOp. Get NoOf I nl ets
check = CurUnitOp. GetlnletlDs(inletlDs)
"initialize

Total Enthal py = 0

enthBtu Hr = 0

Dimi As Integer
For i =1 To ninlets
check = strinfo.GetStreanByl D(inletlDs(i), tenpR Pressure,
vapFrac, enthBtu_Hr, conpLbnol Hr)
Tot al Ent hal py = Total Ent hal py + enthBtu_Hr

Next i

End Functi on



VaporFraction function

Functi on Vapor Fracti on(Vapornol es As Single, Liquidwles As Single) As
Singl e
'Cal cul ate vapor fraction safely

I f Liquidwbles = 0 Then
I f Vapornoles > 0 Then
Vapor Fraction = 1
El se
Vapor Fraction = 0
End I f
El se
Vapor Fracti on = (Vapornol es / (Vapornol es + Liqui dwbl es))

End If
End Functi on



Xsol function

Function Xsol (Temp As Single, Tnelt As Single, Hfusion As Single,
Act Coeff As Single) As Single

Remreturns Xm(nol fraction) as a function of

Rem nel ti ng Tenp(Kel vin)

Rem Heat of fusion (cal/nol)

Rem Tenp( kel vi n)

Rem Activity Coefficient

Rem Returns -1 if there is an error

If Tenp <= 0 O Tnelt <= 0 O Hfusion <= 0 Then
Rem i nput error

GoTo Error

End | f

Xsol = (Exp((Hfusion / (1.987 * Tenp)) * ((Tenmp / Trmelt) - 1))) /
Act Coef f
If Xsol > 1 Then Xsol =1

GoTo endof F
Error:
Xsol = -1

Rem i nput error
endof F:

End Functi on



