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PowerInput; /*
Ext_of_Bio[cormpMax];/*
Ext_of_Sor[conmpMax];/*
Ext_of_Stp(conpMax] ;/*

struct
AERATION_BASIN

TricklingFilter {
NRC_Modgel;
Ext_of_BRio[compMax] ;
Ext_of _StplcompMax] ;
Depth;

HydLoading;
RecycleRatio;
OperTemp;
WeighingFactor;
n_constant;
Treat_Factor;
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Kw/m3 */

Extent of biocdegradation */

Extent of sorption */

Extent of stripping * /
AerationBasin AFRATION BASIN;
*AerationBasinPtr;

/* If True NRC Model is used */
/* Extent of biodegradation */
/* Extent of stripping */

/* m */

/* m3/m2-h */

/* QOperating Temperature of Filter, °C */
/* Used in NRC Model */

/* Used in Eckenfelder Model */

/* 1/4, Used in Eckenfelder Model */

theta; // temp. correction for treatability facto
OrgLoading; /* kg BOD5/d */
Area; /% m2 */
Yield; /* Biomass vield, g/g x/
struct TricklingFilter TRICKLINGFILTER;
TRICKLINGFILTER *TricklingFilterPtr;
Thickener ({
SetFluxSpec; /* TRUE if Settling Flux is User Specified */
Circular; /* TRUE 1f circular design is used */
ModelType; // Type of model to be used in flux calculation
SetFlux; /* Settling Flux, m3/m2-h */
SVI; /* Sludge volume index, mL/g */
Paraml; /* Parameter in Generic Model, m/h */
Param?2; /* Parameter in Generic Model, mL/g */
Area; /* Thickener area, m2 */
Diam; /* Diameter of circular Clarifier, m */
Length; /* Length of rectangular Clarifier, m */
width; /* Width of rectangular Clarifier, m */
L_W_Ratio; // Ratio Length/Width for rectangular Clarifier

Part_Conc_In_Sludge;/* solids concentration in sludge, mg/liter */
RemovFrac [compMax]; /* Removal fraction for each component */

struct Thickener THICKENER;
THICKENER *ThickenerPtr;

AnaercbicDigestion {

HighRate; // If True user specifies high rate digester
VolumeSpec; // If True ligquid volume is specified
DigestTenp; // Digestion Temp. °C for high rate digester

ActiveVol; // Active Digester Volume, m3
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Totalvol; /7
SRT; //
Ratio; /7
PowerInput; /7
UtilEff; /7
HeatEff; //
HeatingvValue; /7
SolidConc; !/
GasProduct; /7
DigestGasRequired; //
AddHeatDuty; /7
NaturalGasRequired; //
Stoich([compMax]; /7

SludgeFrac [compMax];//
GasComp [compMax] ; /7
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Total Digester Volume, m3

Solids Retention Time, d

(Active/Total) Volumes

KW/m3

Waste Utilization Efficiency

Heating Units Efficiency

Heating Value of digester gas, kcal/m3
Solid Concentration in sludge, mg/L

Gas Production, m3/h

Digestion Gas Required for heating, m3/h
additional Heating Duty, kcal/h

Nat. Gas Required for additional heati, m3/
stoich coefficients

Fraction of component transferred in sludge
True if that component is a digestion gas

struct AnaerobicDigestion ANAEROBIC_DIGESTION;

ANAEROBIC_DIGESTICN

Belt Filter {

widthSpec; /¥
Tot_Sol_Cake; /%
Sludge_Rate; Iad
RBelt_Width; /*
Sol_Recov; /*
WashFlow; /*

RemovFrac[compMax]; //

*AnaerobicDigestionPtr;

True if specified by user */

Total solids in cake, weilght percent */
Sludge-loading rate, kg/m-h */

Belt width, m */

Solids recovery, percent */

Washwater flowrate, m3/m-h */

Removal fraction for each particle componen

struct Belt_Filter BELT_FILTER;
BELT _FILTER *Belt_FilterPtr;

Rotary_ Drver {

Direct; // Direct Heating - Indirect Heating
DrumDiameter; // Drum Dilameter, m

MaxDrumDiameter; // Max. Drum Diameter, m

EvaporaticnRate; // Overall Evaporation Rate, kg solvent/m3-h

DryingTenp; // Drying temperature, °C
L_D_Ratio; // L/D Ratio
DrumLength; // Drum Length, m

SpecHeatReqguiremnment ;

// Solvent Vaporization Heat, kcal/kg solven

SpecPowerRequirement; // Power per unit drum area, kW/m2
NetDryingGasRequirement; // Net Drying Medium Reguirement,

EvapFrac[compMax] ; // Evaporation fraction
struct Rotary_Dryer ROTARY_DRYER;
ROTARY_DRYER *Rotaxry_DryerPLr;

Spray_Drver {

DryerDiameter; // Dryer Diameter, m
MaxDryerDiameter; // Max. Dryer Diameter, m
EvaporationRate; // Overall Evaporation Rate, kg solvent/m3-h
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DryingTermp; // Drying temperature, °C
H_D_Rat%o; // H/D Ratio
PryerHeight; // Dryer Height, m

SpecHeatRequirement; // Solvent Vaporization Heat, kcal/kg solvent
SpecPowerRequirement;// Power per unit feed volume, kW/m3
NetDryingGasRequirement; // Net Drying Medium Requirement

EvapFrac [compMax) ; // Evaporation fraction
struct Spray_Dryer SPRAY_DRYER;
SPRAY_DRYER *Spray_DryerPtr;

Absorption {

DesignConp [32]; /* name of design componenc */
m_operationMode; // Operation mode 0O: Diameter specified
/7 1: Overall DP specified
/7 2: DP/Z specified
RemovFrac[compMax]; /* frac of each comp removed */
atot; /* total specific area of packing material */
dp; /* nominal diam of packing material */
sigmaCrit; /* critial surface tension of packing material */
sigmaliq; /* actual surface tension of liquid */
LigVisc; /* visc of liquid phase, kg/m-sec */
GasVisc; /* visc of gaseous phase, kg/m-sec */
Diff_L; // diffusivity of design comp in liquid phase, cm2/sec
Diff_G; /* diffusivity of design comp in gas phase, cm2/sec */
Ct; /* constant depending on packing, p.196 Treybal */
HTU; /* height of transfer unit [m] */
Height; /* column height [m] */
Diam; /* column diameter [m) */
MaxDiam; /* max colwm diameter [m] */
NTU; /* num of transfer units */
DeltaPres; /* pressure drop, bar */

m unitHeightDeltaP; // Unit Column Height Delta Pressure Pa/m

struct Absorption ABSORPTION;

ABSORPTION *AbsorptionPtr;

Cyclone {

UserSpecEff; /* TRUE if user specifies efficiency */

a; // Height of the inlet cross sectional area, m
b; // Width of the inlet cross sectional area, m
D; // Cyclone body diameter, m */

De; /* Gas outlet diameter, m */

h; // Height of upper cylindrical body of cyclone,
S; /* Outlet length, m * /

H; /% Overall cyclone height, m */

B; /* Outlet duct diameter for dust, m */

vel; /* Inlet gas velocity, m/s */

visc; /* viscosity of gas, cp */

dens; /* density of gas, kg/m3 */

bpP; /* Pressure drop, bar */

DPmax; /* Max. Allowable Pressure drop, bar */
Eff; /* Qverall collection efficiency */
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float PartDens; /* Particle Density, kg/m3 */

float RemovFrac[compMax]; /* Fraction of component removed */

float MeanPartSize{l0]; /* Mean Particle Size in a Range */

float Fraction_In _Range[10]); // Fraction of componet at a given range
i

typedef struct Cyclone CYCLONE;

typedef CYCLONE *CyclonePtr;

struct BagHouseFilter { -

Boolean FiltrationTimeSpec; /* True if specified by user */

short ncompart ; /* number of compartments */

float A /* maximum pressure drop, Pa */

flcat Maxvel; /* maximum filtering velocity, m/min */
float ctime; /* cleaning time, min */
float ftime; /* filtration time, min */
float acloth; /* net cloth area, m2 */
float ke; /% effective drag coefficient, Pa-min/m */
float ks; // specific drag coefficient, Pa-min-m/kg
float RemovFrac (compMax]; // Removal fraction for each particle componen
}i

typedef struct BagHouseFilter BAGHOUSEFILTER;

typedef BAGHOUSEFILTER *BagHouseFilterPtr;

struct E_Precipitator

Boolean UserSpecEff; /* True if specified by user */

float GasVel; /* entering gas velocity, m/min */

int Nd; /* number of ducts */

int Ns; /* number of sections */

float PlatHet ; /* plate height, m */

float PlatLen; /* plate length, m */

float OVELf; /* overall efficiency */

float L _Ratio; /* aspect ratio, number */

float PlatSep; /* plate separation, m */

int Np; /* number of plates x/

float dp; /¥ pressure drop, Pa */

float A; /* overall collection area, m2 */

float MeanPartSize{10); /* mean particle size, micron */

float Fr_In_Range{l0]; /* fraction in size range */

float MVel In Range[10];/* migration velocity in size range, m/min */
Y

typedef struct E_Precipitator ELECT_PRECIPITATOR

typedef ELECT_PRECIPITATOR *E_PrecipitatorPtr;
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/****k*****************************k*************************************

Date: January 1993 - Revised September 1993

Reference 2:

Solve_FEgualizer (LINK unitPtr)

{

*
*
*
*®
* Reference 1:
*
*
*
*

SOLVE EQUALIZER

Wastewater Enginnering, Metcalf & Eddy Inc.

Section 6-3, p203-212

Industrial Water Pollution Control,W.W. Eckenfelder
2nd ed, McGraw-Hill, 1989

KAk Ak Ak A I I A KK R Ak hh kKK A ATk hk ok kkkkkk kAR Kk ke kkkkk kb Ak dkhdk kkkxk hkkkkhkkx*

*

*

I I R T N

EqualizerPtr elgPtr;

St_CompPtr OutputConpPtr, FeedCompPty;

St_LINK FeedStr, OutputStr, shead;

St_LINK assStream[1];

short 1, StrNum;

short StreamPoints;

double AvgFlow[26]; // hverage Inflow during the time period, m3/min
double InfluentConc(26];: // Influent conc. during the time interval, mg/L
double EffluentConc(26); // Effluent conc. during time interval, mg/L
double VolumeInBasin[26];// Volume remaining at the end of each period, n
double Basinvolume; // Volume of equalization basin

double CumVolFlow; // Cumulative Volume at the basin, m3

double difference; // Difference between avg. outflow and avg inflc
double AvgOutFlow; // Average Output Flow, m3/h

short NumOfIntervals; // Number of intervals

double Duration; // Time duration of each interval

double TotalTime; // The total time of equalization

double PositiveDiff;

double NegativeDiff;

double max; // Maximum influent or effluent conc., mg/L
double InfluentPF; // Peaking factor of Influent = max/mean

double EffluentPF; // Peaking factor of Effluent = max/mean

double mflow, minInflow;

double TotalInfluentlLoading, MeanInfluentConc;

short empty_index, min_index;

elgPtr = (EqualizerPtr) unitPtr->theModel;

FeedStr = assStream(0};

// FIND FEED AND PRODUCT STREAMS
shead = stream head;
Find Ass_Stream( unitPtr, assStream, shead, FEED, &StrNum };

shead = stream head;
Find Ass_Stream( unitPtr, assStream, shead, PROD, &StrNum );

OutputStr = assStream[0];

// CHECK IF FEED FLOWRATE IS ZERO
mflow = FeedStr->MassFlow;

1f{ mflow < 0.0000001

{

BioAlert (BIO_ALRT_QOK,

*The input mass flowrate 1s zexro!");



)

regurn;

// GET CURRENT DATA STRUCTURE VALUES
NumOfIntervals = elgPtr->NumOfIntervals;
Duration = elgPtr->InterDuration;

tor
{

}

(1=0; iNumOfIntervals; i++)

AvgFlow(i] = elgPtr->aAvgFlow(i];
InfluentConc[il = elgPtr->InfluentConcil;

// CALCULATE THE TOTAL EQUALIZATION TIME, min
TotalTime = NumOfIntervals*Duration;

// CALCULATE TOTAL CUMULATIVE VOLUME, m3
CumvolFlow = 0.0;

for

(1=0; i<NumOflIntervals; i++)

CumVolFlow += AvgFlow(i] * Duration;

// ASSIGN SIZE INFORMATION
unitPtr->8ize = Estim VolFlow(FeedStr);

// CHECK IF CUMULATIVE VOLUME IS ZERO
if (CumVolFlow < 1.0e-8)

{

}

// MATERIAL BALANCES
Copy_Stream( FeedStr, OutputStr );

// ESTIMATE PURCHASE COST OF EQUALIZATION BASIN
Cost_Equalizer{ unitPtr );

// BESTIMATE ENVIRONMENTAIL PROPERTIES OF THE EXIT STREAM
Estimate_EnviroStreamProperties{(OutputStr};

return;

// CALCULATE EQUALIZED QUTPUT VOLUMETRIC FLOW, m3/min
AvgOutFlow = 0.0;

for

(i=0; i<NumOfIntervals; i++)
AvgOutFlow += AvgFlow[i]:

AvgOutFlow /= NumOflntervals;

// CALCULATE THE AVERAGE INFLUENT CONCENTRATION, mg/L
TotalInfluentLoading = 0.0;

for

(1=0; i1<NumOfIntervals; 1++)
ToralInfluentLoading += InfluentConcii]*avgFlow[i]*Duration;

MeanInfluentConc = TotalInfluentlLoading / CumVolFlow;

if( elgPtr->UserSpecvol )

{

BasinvVolume = elgPtr->BasinvVolume;

// USER SPECIFIES EQUALIZER VOLUME
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// CALCULATE EFFLUENT CONCENTRATION AT THE END OF EACH PERIOD, mg/L

// CALCULATE THE EFFLUENT CONCENTRATION FOR THE FIRST INTVERVAL, mg/L
EffluentConc{0] = (InfluentConc(0]*Duration*avgFlow(0] +
MeanIntluentConc*Basinvolume) / (Duraticon*AvgFlow[0] + BasinvVolume);

// CALCULATE THE EFFLUFNT CONC. FOR EACH INTERVAL AFTER THE FIRST, mg/L
for (i=1; i<tumOfIntervals; i++)

EffluentConc[i) = (InfluentConcli)l*Duration*AvgFlowli] +
EffluentConc{i-1]*BasinVolume)/ (Duration*avgFlow(i] + BasinvVolume)

else // SYSTEM ESTIMATES EQUALIZER VOLUME

//  CALCULATE MAXIMUM POSITIVE AND NEGATIVE DIFFERENCES

// BETWEEN THE CUMULATIVE VOLUME AND THE EQUALIZED DISCHARGE
PositiveDiff = 0.0;
NegativeDiff = 0.0;

CumvolFlow = 0.0;
for (i=0; i<NumOfIntervals;: i++)
{
CumVolFlow += AvgFlow(i] * Duration;

difference = CumVolFlow - avgQutFlow* (1i+1)*Duration;

1f( difference > PositiveDiff )
PositaiveDiff = difference;

if( difference < NegativeDiff )
NegativeDiff = difference;

}

BasinVolume = PositiveDiff + fabs(NegativeDiff);
elgPtr->RBasinvolume = BasinVolume:

// FIND THE INDEX OF THE PERIOD WITH THE MINIMUM INFLUENT FLOWRATE

min_index = 0;

minInflow = AvgFlow([0]);

for (1=0; i<NumOfIntervals:; i++)
{

if(AvgFlow(i]l < minInflow)

minIntlow

avgFlow(i];
min_index i;

i

nou

}

// IDENTIFY IN WHICH TIME PERIOD THE EQUALIZER IS EMPTY
erqpty_index = 0
for (1=0; i1dNumOfIntervals: 1++)
{
1f(min_index !z NumOfIntervals - 1)

{
1if(({avgFlow({i] - avgOutFlow)* (AvgFlow[i+1l] = AvgOutilow)

A



0.0) && (AvgFlow[i+1l] > AvgFlow[i]) && (1 >= min_index))

{

empty_index = i;

break;

}

else // THE MINIMUM INFLOW IS THE LAST ENTRY

1E{{(AvgFlow[i] - AvgOutFlow)* (AvgFlow[i+1]

0.0) && (avgFlow{i+l] > AvgFlow(il))

{

empty_index = 1;

break;

)

// CALCULATE VOLUME REMAINING AT THE END OF EACH PERIOD, m3

volumeInBasin{empty_index] = 0.0;

for (1 = empty_ index; i<NumOfIntervals

i

1++)

vVolumeInBasin{i+l] = VolumeInBasin[i] + (AvgFlow[i+1]

AvgOutFlow) *Duration;

VolumeInBasin{-1] = VolumeInBasin[i-1];

for (i = 0; i<empty_index ; i++)

VolumeInBasin(i] = VolumeInBasin[i-1] + (AvgFlow[i]

AvgQutFlow) *Duration;

// CALCULATE EFFLUENT CONCENTRATION AT THE END OF EACH PERIOD, mg/L

for (i = empty_index; i<NumOfIntervals ; i++)
EffluentConcli+l] = (AvgFlowli+l]*Duration*InfluentConcli+l] +
VolumeInBasin{i]*EffluentConc([i])/ (AvgFlow[i+1]*Duration +
VolumeInBasin([i]);

EffluentConc([-1] = EffluentConc(i-1};

for (1 = 0; 1 <= empty_index ; i++)
EffluentConc{il = (AvgFlow[il]l*Duration*InfluentConc(i] +

VolumeInBasin{i-1}*EffluentConc({i-1])/ (AvgFlow{i]*Duration +

VolumeInBasin[i1-11};
}

// CALCULATE INFLUENT PEAKING FACTOR
max = 0.0;
for (1=0; i<NumOfIntervals; i++)
{
if (InfluentConc[i] > max)
max = InfluentConc(il];

}

if (MeanInfluentConc > 1.0e-8)
InfluentPF = max/MeanInfluentConc;
else
InfluentPF = 1.0;

// CALCULATE EFFLUENT (EQUALIZED) PEAKING FACTOR

max = 0.0;
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for (1=0; 1<NumOfIntervals; i++)
{
1f (EffluentConcli] > max)
max = BEffluentConcii];

)

if (MeanInfluentConc > 1.0e-8}

EffluentPF = max/MeanInfluentConc; // Mean Influent Conc = Mean Effluen
else

EffluentPrF = 1.0;

// UPDATE OUTPUT POINTERS

elgPtr->AvgOutFlow = AvgOutFlow;
elgPtr->InfluentPF = InfluentPF;
elgPtr->EffluentPF = EffluentPrF;

for (1=0; 1<NumOfIntervals; i++)
elgPtr->EffluentConc(i] = EffluentConc(i];

// MATERIAL BALANCES
Copy_Stream( FeedStr, OutputStr );

// ESTIMATE PURCHASE COST OF EQUALIZATION BASIN
Cost_Equalizer( unitPtr );

// ESTIMATE ENVIRONMENTAL PROPERTIES OF THE EXIT STREAM
Estimate_EnviroStreamProperties (OutputStr);

}

/***********************************************************k***k****

SOLVE CLARIFIER
Date: Jammuary 1993

Reference 1: Wastewater Enginnering, Metcalf & Eddy Inc.
Paragraphs 6.5 and 9.6 p220,472

Reference 2: Unit Operations of Chem.Engineering, 4th ed., Ch. 7

* McCabe & Smith, McGraw-Hill

KA KKK A A KA A I AR AR KR I A AR KT A A IR AR I A hh ok hdhkhhkdk Ak hkkkx ek vk F vk bk ko dkk ko

Solve Clarifier(LINK unitPtr)

* A ok Kk % ok
I S T T T A

{

ClarifierpPtr clrPtr;

St_CompPtr ClarifiedCompPty, SludgeConmpPrr, FeedCompPtr;
St_LINK FeedStr, SludgeStr;

St_LINK ClarifiedStr, shead;

St_LINK assStream{2];

short 1, StrNum;

short StreamPolints;

double Ligvisc; // Viscosity of liquid, [cp]
double LigDhens; // Density of liquid, [g/cm3]
double PartDens; // Dens:ty of particle, [g/cm3]
double d; // Particle Diameter, [microns]
double SetvVel; // Settling Velocity, [m3/m2-h]
double Depth; // Depth of Clarifier, [m]}

double Time; // Detention Time, [(h]
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double Area; // Clarifier area, [m2)

double Diam; // Diameter of circular Clarifier, [m]

double Length; // Length of rectangular Clarifier, [m]

double wWidth; // Width of rectangular Clarifier, [m]

double Volume; // Volume of Clarifier, m3

double L_W_Ratio; // Ratio Length/width for rectangular Clarifier

double K; // Criterion for Settling regime

double bl; / Constant for calculation of settling velocity

double n; // Constant for calculation of settling velocity

double g = 9.81; // accelaration of gravity, [m/s2]

double mflow; // Entering mass flow rate, [kg/h)

double Q; // Entering volumetric flow rate, [m3/h]

double nuam; /7 used in the calculation of settling velocity

double den; // used in the calculation of settling velocity

double SludgeTSS_wt_percent ; // wt% of TSS in sludge stream

double Frac_of_FeedLiquid_In_Sludge; // Fraction of the feed liquid mass
// that goes to the sludge stream

double FeedTSS_wt_percent; // Solid Conc. in feed stream, wt%

double FeedStr_LiquidMass; // Mass of liquid in feed stream

double SludgeStr_ LicuidMass; // Mass of liquid in sludge stream

double FeedStr_TSS; // Mass of TSS in feed stream,

double SludgeStr_TSS; // Mass of TSS in sludge stream,

double TSS_Removed; // Mass of TSS removed, kg/h

double SludgeStr_TotalMassFlow; // Mass flow of sludge stream, kg/h

double SludgeStr LigquidMassFlow; // Mass flow of liquid (solvent+TDS)
// of sludge stream, kg/h

short biomassIndex;

double intraInSludge, extraInSludge, totalInSludge;

double intraRemovalFrac, massFlowln;

double massFlowInl, massFlowIn2;

double intraInSludgeBefore, extralInSludgeBefore;

double intraIinSludgeAfter, extraInSludgeAfter;

double solventInSludge, totalInSludgehrfter;

clrpPtr = {(ClarifierPtr) unitPtr->theModel;

// FIND FEED AND PRODUCT STREAMS

shead = stream _head;

Find_Ass_Stream{ unitPtr, assStream, shead, FEED, &StrNum );
FeedStr = assStream[0];

shead = stream_head;
Find Ass_Stream( unitPtr, assStream, shead, PROD, &StrNum );

if( BEqualPt( assStream{0}->spoints[0], unitPtr->hpoints(2] | )
{

ClarifiedStr = assStream{0];

SludgeStr = assStream|[l];

ClarifiedStr = assStream{1];
SludgeStr = assStream(0];
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// GET CURRENT DATA STRUCTURE VALUES

LigVisc = (clrpPtr->LigVisc)*l.0e-23; // Convert cp to (Kg/m sec)
PartDens = (clrPtr->PartDens)*1l.0e+3; // Convert g/cm3 to Kg/m3

d = (clyPtr->d)*1.0e-6; // Convert microns to m
SludgeT3S_wt_percent = (clrPir->Part_Conc_In_Sludge)/1.0e6;// ng/lt to wt%
mflow = FeedStr->MassFlow;

// CHECK IF FEED FLOWRATE IS ZERO
1f( fabs(mflow) < 0.0000001 )
{

BioAlert (BIO_ALRT_OK, “The mass flowrate of the feed stream to the
'Clarifier:’

1s zero. Please increase it so that the program can function
properly 'Y},
return;

)

// ESTIMATE FEED STREAM LIQUID DENSITY [kg/m3]
LigDens = Solvent_Density (FeedStr);

// CHECK IF USER SPECIFIES OVERFLOW RATE (SETTLING VELOCITY)
if{clrPtr->0OverflowSpec)

Setvel = clrPtr->SetVel;
else // System estimates settling velocity
{

// CHECK IF PARTICLE DENSITY IS LOWER THAN LIQUID DENSITY
1f (PartDens < LigDens)

{

BiocAlert (BIO_ALRT_OK, *“The density of the design particle in the

‘Clarifier' 1s less than the liquid density! Please check your
data.");

Copy_Stream(FeedStr, ClarifiedStr);

return;

}
// CHECK THE CRITERICN FOR SETTLING VELOCITY
K = d*pow({g*LigDens* (PartDens - LigDens)/pow{Ligvisc,2.0)), (1.0/3.0)});

// SELECT CONSTANTS FOR APPROPRIATE SETTLING VELOCITY REGIME
if((K > 0.0} && (K <= 3.3))

bl = 18.5;
ns=20.6;
}
else 1f ((X > 43.6) && (K <= 2360.0))
{
bl = 0.44;
n = 0.0;
}

// CALCULATE SETTLING VELOCITY, m/sec
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num
den

4.0*g*pow(d, 1.0 + n)*{PartDens - LigDens);
3.0*bl*pow(LigVisc, n) *pow(Ligbens, 1.0 - n).

i

SetVel = (pow((num/den),1.0/(2.0 - n))}*3600.0; // Convert m/s to m/hr
clrPtr->8etVel = Setvel;

}

// ESTIMATE ENTERING VOLUMETRIC FLOW RATE [m3/h]
Q = Estim_VolFlow( FeedStr };

// CALCULATE THE SURFACE AREA OF THE CLARIFIER, m2
Area = Q / SetVel;
clrPtr->Area = Area;

// CHECK IF USER SPECIFIES DEPTH OF CLARIFIER
if (clrPtr->DepthSpec) // User specifies depth in meters

Depth = clrPtr->Depth;
Time = Depth / Setvel ;
clrPtr->Time = Time;

else // User specifies detention time in hours
{

Time = clrPtr->Time;

Depth = Time * SetVel;

clrPtr->Depth = Depth;

// CALCULATE THE VOLUME OF THE CLARIFIER [m3]
Volume = Area * Depth;
clrPrr->Volume = Volume;

// CHECK IF CIRCULAR DESIGN IS USED
1if{clrPtr->Circular)
{
Diam = pow( (4.0 * Area / PI),0.5);
clrPtr->biam = Diam;

CclrPtr->Width = 0.0; // Set rectangular characteristics zero
clrPtr->Length = 0.0;

else // Rectangular design
L_W Ratio = clrPtr->L_W _Ratio;
Width = pow{({Area/L, W_Ratic),0.5);
Length = I_W_Ratio * Width;
clrPtr->Width = wWidth;
clrPtr->Length = Length;

clrPtr->Diam = 0.0; // Set circular characteristics zero

// MASS BALANCES
Estimate EnviroStreamProperties (FeedStr)

// GET INDEX OF BIOMASS COMP AND REMOVAL FRAC OF INTRACELLULAR COMPS
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intraRemovalFrac = 0.0;
biomassIndex = GetCormponentIndex( biomassComp );

if{ biomassIndex !'= -1 )
intraRemovalFrac = clrPtr->RemovFrac{biomassIndex];

// CONSIDER REMOVAL OF PARTICULATE AND INTRACELLULAR COMPONENTS
FeedCompPtr = FeedStr->StCompList;
SludgeCompPtr = SludgeStr->StComplist;

TSS_Removed = 0.0;
for{ i=0; i1<umOfComps; i++)

{
intraRemovalFrac = MAX( intraRemovalFrac, clyrPtr->RemovFrac(i] );
massFlowIn = FeedCompPtr->CompMassFlow*
theComps [1] ->TS*theComps[1]->TSS_TS_Ratio;
intraInSludge = massFlowIn * FeedCompPtr->ComplLocation[0] *
intraRemovalFrac;
extraInSludge = massFlowIn * FeedCompPtr->CompLocation{l] *
clrpPtr->RemovFrac{il};
totalInSludge = intraInSludge + extraInSludge;
SludgeConmpPtr->CormpMassFlow = totalInSludge;
TSS_Removed += totalInSludge;
1f{ totalInSludge > 0.000001 )
{
SludgeConpPtr->CompLocation[0] = intraInSludge/totalInSludge;
SludgeCompPtr->CompLocation(l) = extralnSludge/totallnSludge;
}
else
{
SludgeCompPtr->CompLocation([0} = 0.0;
SludgeCompPtr->CompLocation{l] = 1.0;
}
FeedCompPtr = FeedCompPtr->next;
SludgeCompPtr = SludgeCompPtr->next;
}

SludgeStr->MassFlow = Estim MassFlow({ SludgeStr );

// CHECK IF FEED TSS CONCENTRATION IS GREATER THAN THAT IN SLUDGE STREAM
FeedTSS_wt_percent = (FeedStr->TSS_Stream*Q/1000.0}/FeedStr->MassFlow;

1f( (FeedTSS_wt_percent - SludgeTSS_wt_percent) > 1.0e-8)

{
Bicalert (BIO_ALRT OK, "The concentration of solids in the feed stream is

greater than the desired concentration of solids in the sludge stream.
Please check your feed stream data or increase the solids concentration
in sludge !“};
returm;

}

// ESTIMATE AMOUNT OF LIQUID (SOLVENTS + TDS) IN FEED STREAM, kg/h
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FeedStr LiquidMass = FeedStr->MassFlow - (FeedStr->TS8S_Stream*(/1000.0);

// ESTIMATE TOTAL MASS FLOW OF SLUDGE STREAM, kg/h
SludgeStr_TotalMassFlow = TSS_Removed/SludgeTSS_wt_percent;

// ESTIMATE LIQUID (SOLVENTS + TDS) IN SLUDGE STREAM
SludgeStr_ LiquidMassFlow = SludgeStr TotalMassFlow - TSS_Removed;

// ESTIMATE FRACTION OF FEED LIQUID MASS PRESENT IN SLUDGE
Frac_of_FeedLiquid_In_Sludge = SludgeStr_LicuidMassFlow/FeedStr_LiquidMass;

// MASS BALANCES FOR THE EXTRACELLULAR FRACTION OF LIQUID AND SOLUBLE
COMPONENTS

FeedConpPtr = FeedStr->StConplist;

SludgeCompPtr = SludgeStr->StCompList;

for{ 1=0; i<NumOfConmps; i++)
{
// FEED MASS FLOW OF TDS, kg/h
massFlowInl = FeedConpPtr->CompiassFlow*
theComps [1]->TS* (1.0 - theComps[i1]->TSS_TS_Ratio);

// FEED MASS FLOW OF SOLVENTS, kg/h
massFlowIn2 = FeedCompPtr->CompMassFlow* (1.0 - theComps{i]->TS};

massFlowIn = massFlowInl + massFlowInZ;

intraInSludgeBefore = SludgeCompPtr->CompMassFlow *
SludgeCompPtr->CompLocation{0];
extraInSludgeBefore = SludgeCompPtr->CompMassFlow *
SludgeCompPtr->ConpLocation{l];

solventInSludge = massFlowIn * FeedCompPtr->CompLocation(l] *
Frac of FeedLiquid_In _Sludge;

intraInSludgeAfter = intraInSludgeBefore;
extraInSludgeafter = extraInSludgeBefore + solventInSludge;
totalInSludgeafter = intraInSludgeAfter + extralnSludgeAfter;

SludgeCompPtr->CorpMassFlow = totalInSludgeAfter;

if{ totalInSludgeAfter > 0.000001 )

{
SludgeCompPtr->CompLocation (0] =
intraInSludgeafter/totalInSludgeafter;

SludgeCompPtr->CompLocation{l] =
extraInSludgeAfter/totalInSludgeAfter;

else

SludgeCompPtr->CompLocation (0]
SludgeCompPt r->CompLocation (1]

= O
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}

FeedCompPtr = FeedCompPtr->next;
SludgeCompPtr = SludgeCompPtr->next;
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// CALCULATE
Subtract_Str

// ESTIMATE
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assFlow = Estim MassFlow( SludgeStr );

FLOWRATE AND COMPOSITION OF CLARIFIED STREAM
eam( FeedStr, SludgeStr, ClarifiedStr );

PURCHASE COST OF CLARIFIER

Cost_Clarifier{ unitPtr );

// ESTIMATE
Estimate_Env
Estimate_Env

// NEW
Sludge

% ek ok ok ok ok ok ok k%

SOLVE F
Date:

Reference
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*
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Solve_Flotat
{
FlotationPtr
St_CompPtr
St_LINK
St_LINK

St LINK
short

shoxrt

double
double
double
double
double
double
double
double
double
double
double
double
double
double

Reference 2: Waterwater Engineering, 3rd Edition

ENVIRONMENTAL PROPERTIES OF EXITING STREAMS
iroStreamProperties (ClarifiedsStr);
iroStreamProperties (SludgeStr) ;

Str->TS8S_Stream = TSS_Removed*1000.0/Estim VolFlow( SludgeStr );
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LOTATION
OCTOBER 1993

1: Industrial Water Pollution Control, 2nd Edition
By W. Wesley Eckenfelder, McGraw-Hill, 1989

By Metcalf and Eddy, McGraw-Hill, 1991
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ion(LINK unitPtr)

fltPtr;
ClarifiedCompPty,FloatConpPty, FeedCompPtr;
FeedStr, FloatStr;
ClarifiedStr, shead;
assStream([2];
1, StrNum;
StreamPoints;
RecyRati1o; // Recycle Ratio
Solair; // Alr solubility, mL/L
SatFac; // Fraction of saturation
LoadRate; // Surface loading Rate, m3/mz-hr
AirSolR; // Air to solid ratio, mlL/mg
Press; // Pressure, atm
AirReq; // Alr reguirements, m3/hr
SurArea; // Surface area, m2
FloatFrac [compMax]; // fraction of each component removed
SolConc; // solid concentration in feed, mg/L
mflow; // Entering mass flow rate, kg/h
TotSol; // Entering solid flow rate, mg/h
Qi // Entering volumetric flow rate, m3/h
Amount Removed; // Amount removed from each component

double Tot Sol In_Sludge; // Flow of solids in the sludge stream, [kg/h]
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double Part_Vol_In_Sludge;// Flow of solids in the sludge stream, [m3/h)
double TotVol_of_Sludge; // Volumetric flow of the sludge stream, [m3/h]

double FeedLigvol; // Volum. flow of liquid in the feed stream, [m3/h]

double Part_Conc_In_Sludge; // Conc. of solids in sludge. kg/m3

double Tot_Sol_In_Feed; // Flowrate of solids in the feed stream, [kg/h]

double FeedSolConc; // Solid Concentration in feed stream, kg/m3

double Frac_of_FeedLigVol_In_Sludge; // Fraction of the feed liquid volum
// that goes to the sludge stream

short biomassIndex;

double intraInSludge, extraInSludge, totalInSludge;

double intraRemovalFrac, massFlowln;

double intraInSludgeBefore, extralInSludgeRefore;

double intralnSludgeafter, extraInSludgeafter;

double solventInSludge, totalInSludgeAfter;

fltPty = {FlotationPtr) unitPtr->theModel;

/* FIND FEED AND PRODUCT STREAMS */
shead = stream _head;
Find_Ass_Stream( unitPtr, assStream, shead, FEED, &StrNum );

FeedStr =

assStream[0];

shead = stream_head;
Find_Ass_Stream( unitPtr, assStream, shead, PROD, &StrNum j;

if( EqualPt{ assStream[0]-»>spoints{0], unitPtr->hpoints(1]) ) )

{

ClarifiedStr = assStream[0];
FloatStr = assStream[l};

ClarifiedStr = assStream[l];
FloatStr = assStream{0];

}

mflow = FeedStr->MassFlow;

/* CHECK IF FEED FLOWRATE IS ZERO */
if( fabs{mflow}) < 0.0000001 )

{

BioAlert (BIO ALRT_OK, "The mass flowrate of the feed stream to the
‘Flotation Tank' is zero. Please increase 1t so that the program can
function properly !");

return;

1

/* GET CURRENT DATA STRUCTURE VALUES */

RecyRatio
SolAair
SatFac
LoadRate
A1rSclR
Press

fltPtr->RecyRatio;
fltPtr->Solair;
fltPtr->SatFac;
fltPtr->LoadRate;
flePtr->A1rSolR;
fltPtr->Press;

LT I TS 1 Y I

Part_Conc_In_Sludge = (fltPtr->Part_Conc_In_Sludge)*1.0e-3;// mg/lt to kg/m3
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for{i=0; i<conmpMax; i++)
FloatFracli] = fltPtr->FloatFrac(i];

/* ESTIMATE ENTERING VOLUMETRIC FLOW RATE, m3/h */
¢ = Estim VolFlow{ FeedStr });

/* ESTIMATE FEED STREAM SOLID CONCENTRATION */
SolConc = Solid_Concentration(FeedStr)*1.0e+3; /* mg/L */

/* ESTIMATE FEED STREAM TOTAL SOLID FLOW */
TotSol = Q*SolConc*1.0e+3; /* mg/hr */

/* ESTIMATE REQUIRED SURFACE AREA, m2 */
Surdrea = Q/LoadRate;

/* CHECK IF USER SPECIFIES FLOTATION (i) WITHOUT RECYCLE, (1i) WITH RECYCLE
AND RECYCLE RATIO */
if (f1ltPtr->WithoutRecycle)
{
1f (flePtr->RatioAirSclid) /* system estimates pressure */
Press = (1.0/SatFac)* (((AirSolR*SolConc)/(1.3*SolAir}) + 1.0);

else /* system air to sclid ratio */
AirSolR = (1.3*SolAir*{SatFac*Press - 1.0))/SolConc;

else

if (£l Ptr->SpecRecyRatio)

{
if (flePer->RatioairSolid) /* system estimates pressure */
Press =
(1.0/SatFac)* (((AirSolR*SolConc) /(1.3*SolAir*RecyRatio) )+1.0};
else /* system estimates air to solid ratio */
A1irSolR = (1.3*Solair*RecyRatio*
(SatFac*Press - 1.0))/SolConc;
}
else // System estimates recycle ratio for flotation with recycle

RecyRatio = (Ai1rSolR*SolConc)/(1.3*SolAir*(SatFac*Press - 1.0));
3

/* ESTIMATE AIR REQUIREMENTS */
AlrReq = TotSol * AirSolR * 1.0e-6; /* m3/hr */

/* UPDATE THE POINTERS */
fltPtr->SurArea = SurArea;
fltPtr->Press = Press;
flePtr->A1rSolR = AirSolR ;
fltPtr->RecyRatio = RecyRatio;
fltPtr->AirReq = AirReq;

// GET INDEX OF BIOMASS COMP AND REMOVAL FRAC OF INTRACELLULAR COMPS

intraRemovalFrac = 0.0;
biomassIndex = GetComponentIndex( biomassComp );
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1f{ biomassIndex !'= -1 )
intraRemovalFrac = f£ltPtr->FloatFrac{biomassIndex];

// CONSIDER REMOVAL OF PARTICULATE AND INTRACELLULAR COMPONENTS

FeedCompPtr = FeedStr->StCompList;
FloatCompPtr = FloatStr->StCompList;

for( 1=0; 1i<NumOfCormps; 1++)
{
intraRemovalFrac = MAX({ intraRemovalFrac, fltPtr->FloatFrac(i] };
massFlowIn = FeedCompPtr->CompMassFlow;
intraInSludge = massFlowIn * FeedCompPtr->CompLocation{ (]
intraRemovalFrac;
extralnSludge = massFlowIn * FeedCompPtr->CompLocation{l]} *
fltPtr->FloatFracli);
totalInSludge = intralnSludge + extraInSludge;

*

FloatCompPtr->CompMassFlow = totallInSludge;
1f( totalInSludge > 0.000001 )
{

FloatCompPtr->CorpLocation[0] = intraInSludge/totalInSludge;
FloatCompPtr->CompLocation{l]) = extraInSludge/totallInSludge;
}
else
{
FloatCompPtr->CompLocation[0] = 0.0;
FloatCompPtr->ComplLocation(1] = 1.0;

}

FeedCompPtr = FeedCompPtr->next;
FloatCeompPtr = FloatCompPtr->next;
)

FloatStr->MassFlow = Estim MassFlow( FloatStr );

// FLOW RATE OF SOLIDS IN SLUDGE STREAM, kg/h
Tot_Sol_In_Sludge = Estim _SolidMassFlow( FloatStr );

// CHECK IF THE SOLIDS CONCENTRATION IN FEED STREAM IS GREATER THAN THE
DESIRED CONCENTRATION IN SLUDGE STREAM

Tot_Sol_In Feed = Estim_SolidMassFlow( FeedStyr };

FeedSolConc = Tot_Sol _In Feed/Estim VolFlow(FeedStr) ;

1f¢( {(FeedSolConc - Part_Conc_In Sludge) > 1.0e-8)

{
BioAlert (BIO_ALRT_OK, “The concentration of solids in the feed stream is

greater than the desired concentration of solids in the sludge stream.
Please check your feed stream data !'");
return;

}

// VOLUMETRIC FLOW RATE OF SOLIDS IN SLUDGE STREAM, m3/h
Part_Vel_In_Sludge = Estim VolFlow(FloatStr) ;

// TOTAL VOLUMETRIC FLOW RATE OF SLUDGE STREAM, m3/h
TotVol of_Sludge = Tot_Sol_In_Sludge / Part_Conc_In_Sludge;
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// VOLUMETRIC FLOW RATE OF LIQUID IN FEED STREAM, m3/h
Feedl.igVol = Estim SolventVolFlow(FeedStr);

// FRACTION OF THE FEED LIQUID THAT GOES TO THE SLUDGE STREAM
Frac_of_FeedLigVol_In_Sludge = (TotVol_of_Sludge - Part_vol_In Sludge) /
FeedLigVol;

if( Frac_of_FeedLiqVol_In_Sludge > 1.0 )
Frac_of_FeedLigvel_In_Sludge = 1.0;
1f( Frac_of_FeedLigvol_In Sludge < 0.0 )
Frac_of_FeedLigVol_In_Sludge = 0.0;

// MASS BALANCES FOR THE EXTRACELLULAR FRACTION OF LIQUID COMPONENTS

FeedCompPtr = FeedStr->StComplList;
FloatCompPtr = FloatStr->StCompList;

for( 1=0; 1i<NumOfComps; i++)
{
if( fltPtr->FloatFrac{i] < 0.0000001)
{
intraInSludgeBefore = FloatCompPtr->CompMassFlow *
FloatConpPtr->CompLocation(0];
extraInSludgeBefore = FloatCompPtr->CompMassFlow *
FloatCompPtr->CompLocation{l];

solventInSludge = FeedCompPtr->CompMassFlow *
FeedCompPtr->CompLocation[1l] * Frac_of_FeedLigVol In_Sludge;

intraInSludgeAfter = intraInSludgeBefore;
extraInSludgeAfter = extraInSludgeBefore + solventInSludge;
totalInSludgeAfter = intralInSludgeAfter + extraInSludgeAfter;

FloatCompPtr->CompMassFlow = totalInSludgeAfter;

if{ totallnSludgeAfter > 0.000001 )

{
FloatCompPtr->ConpLocation{0] =
intraInSludgeAfter/totalInSludgeAfter;
FloatCompPtr->CompLocation{l] =
extraInSludgeAfter/totalInSiudgeAfter;

else

FloatCompPtr->CompLocation{0]
FloatCompPtr->CompLocation(1]

bt OO

I

}

FeedCompPtr = FeedCompPtr->next;
FloatCompPtr = FloatConpPtr->next;

}
FloatStr->MassFlow = Estim MassFlow( FloatStr );

// CALCULATE FLOWRATE AND COMPOSITION OF CLARIFIED STREAM



193

Subtract_Stream( FeedStr, FloatStr, ClarifiedStr );

/* ESTIMATE PURCHASE COST OF FLOTATION TANK */
Cost_Flotation( unitPtr,Q );

/* ESTIMATE ENVIRONMENTAL PROPERTIES OF EXITING STREAMS */
Estimate_EnviroStreamProperties (ClarifiedStr);
Estimate_FEnviroStreamProperties{FloatStr);

}

/************************************************************k*

* Solve GMediaFilter(): estimates the size and purchase *
* cost of granular media filter
*********************************************************k****/

Solve GMediaFilter( LINK unitPtr )

*

{

GMediaFilterpPtr gmfPtr;

St_CorpPtr ProductCompPtr, WashCompPtyr, FeedCompPtr;
St_LINK FeedStr, WashStr;

St_LINK ProdStr,WashoutStr, shead;

St_LINK assStream(2] ;

short i, StriNum;

short StreamPoints;

Boolean errorFlag = FALSE;

short NumOfFilters = 0; // Number of GMFilters

double Q; // Volumetric flow rate, m3/min

double Area; // Cross sectional area of filter bed, m2

double AmountRemoved; // Mass deposited in filter from each component, Kg/h
double mflow; // Entering mass flow rate, kg/h

double wflow; // Entering wash water flow rate, kg/h

double Flux ; // Filtration Rate, liters/m2 min

double Diam ; // Filter diameter, m

double DiamMax; // Maximun allowable filter diameter, m

double WashTime; // BackWash time of the filter, min

doubble WashRate; // BackWash rate of the filter, liters/m2 min
double WashFlowrate; // Adjusted Wash Stream flow rate, m3/h

double WashVolFlow; // Volumetric flow rate of the wash stream. m3/h
double WashAmount; // Amount removed by the wash stream, m3

double factor; // Adjustment factor for the wash stream

double CycleTime; // Cycle Time, h

double Time; // Filtration time, h

short biomassIndex;

double intraInWashOut, extralnWashOut, totalInWashout;

double intraRemovalFrac;

gmfPtr = (CMediaFilterPtr) unitPtr->theModel;

// FIND FEED AND PRODUCT STREAMS

shead = stream _head;

Find_Ass_Stream( unitPtr, assStream, shead, FEED, &StrNum )
StreamPoints = assStream[0]->NumOfPoints;

if( EqualPt (assStream[0] ->spoints[StreamPoints-1], unitPtr-shpoints[0]))
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FeedStr = assStream{(];
WashStr = assStream[l];

else
FeedStr = assStream{l};
WashStr = assStream(0];
}

shead = stream_head;
Find Ass_Stream( unitPtr, assStream, shead, PROD, &StrNum );

if{ EcualPt( assStream[0]->spoints[0}, unitPtr->hpoints{2] ) )}

{
ProdStr = assStream{0];
WashoutStr = assStream{l];
1
else
{
ProdStr = assStream[1l];
Washout8tr = assStream{0];
}
mflow = FeedStr->MassFlow/unitPtr->UtilFactor;
wilow = WashStr->MassFlow/unitPtr->UtilFactor;

// CHECK IF FEED FLOWRATE IS ZERO
1£( fabs{mflow) < 0.0000001 )
{

BioAlert (BIO_ALRT _OK, "The mass flowrate of the feed stream to the

'Granular Media Filter' is zero. Please increase it so that the program
can function properly '*);
return;

}

// CHECK IF WASH WATER FLOWRATE IS ZERO
if( fabs(wflow) < (0.0000001 )

{
BioAlert (BIO_ALRT_OK, "The mass flowrate of the Wash water stream to the
'Granular Media Filter' is zero. Please increase it so that the program
can function properly !*);
return;

}

// GET VALUES FROM DATA STRUCTURE

Flux = gmfPtr->Flux*60.0/1000.0; // Convert L/mZ2-min to m3/m2-h

DiamMax = gmfPtr->DiamMax;

WashTime = gmfPtr->WashTime/60.0; // Convert min to h

WashRate = gmfPtr->WashRate*60.0/1000.0; // Convert L/m2-min to m3/m2-h

// FIND VOLUMETRIC FLOW RATE, m3/h
Q = Estim_VolFlow( FeedStr);

// CHECK IF MULTIPLE FILTERS ARE NEEDED
do

{ NumOfFilters ++;
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// CALCULATE CROSS SECTIONAL AREA OF FILTER BED, m2
Area = Q / Flux/ NumQfFilters;

// CALCULATE VESSEL DIAMETER, m
Diam = pow{(4.0*Area/PI),0.5);

} while(Diam > DiamMax);

// ASSIGN VALUES TO DATA STRUCTURE

gmfPtr->CleanHeadloss = CleanBedHeadlossEstimation{unitPtr, FeedStr);
gmfPtr->Diam = Diam; '
unit Ptr->Number = NumOfFilters;

// FIND FILTRATION TIME
if (gmfPtr->UserSpecTime)
Time = gufPtr->FiltTime;
else
Time = GMFilterTimeEstimation{unitPtr, FeedStr, &errorFlag):

1f( errorFlag )

{
RioAlert (RIO_ALRT OK, "The numerical methods failed to calculate the
filtration time of the Granular Media Filter. "),
return;

}

// ASSIGN TIMES

unitPer->SchedTime{0]
unitPrr->SchedTime (1]
gnfPtr->FiltTime = Time;

Time;
WashTime;

o

CycleTime = Time + WashTime;

// ESTIMATE TOTAL PRESSURE DROP, bar )
gmfPLr->PressureDrop = GMFilterPressureDrop{ unitPtr, FeedStxr, Time);

// ADJUST FLOW RATE OF WASH IN STREAM

WashRate *= Area; // m3/h
WashaAmount = WashRate * WashTime; /1 3
WashFlowrate = Washamount / CycleTime;

WashVolFlow = Estim VolFlow( WashStr };
factor = WashFlowrate / WashVolFlow;
Multiply Stream(WashStr, factor);

// GET INDEX OF BIOMASS COMP AND REMOVAL FRAC OF INTRACELLULAR COMPS
intraRemovalFrac = 0.0;
biomassIndex = GetComponentIndex( bicmassConp ) ;
1f( biomassIndex != -1 )
intraRemovalFrac = gmfPtr->RC[biomassIndex};

// CONSIDER REMOVAL OF INTRACELLULAR COMPONENTS
FeedCompPtr = FeedStr->StCompList;
WashCompPtr = WashoutStr->StCompList;

for{ 1=0; i<NumOfComps; i++)
{
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intraRemovalFrac = MAX{ intraRemovalFrac, gmfPtr->RC[1] );
intraInWashOut = FeedCompPtr->CompMassFlow *
FeedCompPtr->CompLocation[0] * intraRemovalFrac;

extralnWashOut = FeedCompPtr->CompMassFlow *
FeedCompPrr->Complocation[1] * gmfPtr->RC{i];
totalInWashOut = intralnWashOut + extraInWashOut;

WashCompPtr->CompMassFlow = totalInWashout;

1f { totalInWashCut > 0.000001 )

{
WashCompPtr->CompLocation[0] = intraInWashOut/totallnWashOut;
WashCompPt r->CompLocation[l] = extralInWashOut/totalInWashOut;

WashCompPt r->CompLocation (0]
WashCompPtr->CompLocation[1]

[ ]
OO

}

FeedConpPtr
WashCompPtr

FeedCompPtr->next;
WashCompPtr->next;

o

}
WashoutStr->MassFlow = Estim MassFlow( WashoutStr );

// CALCULATE FLOWRATE AND COMPOSITION OF PRODUCT STREAM
Subtract_Stream( FeedStr, WashoutStr, ProdStr };

// CALCULATE WASHOUT STREAM
Mix2_Stream(WashStr, WashoutStr,WashoutStr);

// ESTIMATE PURCHASE COST
Cost_GMediaFilter (unitPtr);

// ESTIMATE ENVIRONMENTAL PROPERTIES OF EXITING STREAMS
Estimate_EnviroStreamProperties(ProdStr);
Estimate_EnviroStreamProperties(WashoutStr);

}

/*****************************************k******************

* *
* Function that estimates the filtration time and *
* returs the difference between the maximum and *
* the total headloss in the granular media filter *
* *
* *
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/

double GMFilterTimeEstimation{LINK unitPtr, St_LINK FeedStr, short* errorFlag)
{

GMediaFilterPtr gmfPtr;

int k;

double factor = 1.6;

double time_left; /* Lower limit of Filtration time, h */

double time_right; /* Upper limit Filtration time, h */

double time_middle; /* Middle point in Dbisection method */



197

double D_left;
double D_raight;
double D _middle;

/* Total pressure difference at time_left, bar */
/* Total pressure difference at time_right, bar */
/* Total pressure difference at time_middle, bar */

gnfPtr - (CMediaFilterPtr) unitPtr->theModel;

/* APPLY BISECTION METHOD TC CALCULATE THE FILTRATION TIME */

time_left = 0.0; /* Lower limit of Filtration time, h */
time_right = 2000.0; /* Upper limit of Filtration time, h */
D_left = GMFilterPressureDroplunitPtr,FeedStr,time_left} - "

‘ gnf Pt r->MaxPresDrop;
D_right = GMFilterPressureDrop(unitPrr,FeedStr,time right) -
gmf Pt r->MaxPresDrop;

*errorFlag = FALSE;

for(k=0; k<= MAX_ITERATIONS; k++)

{
if ((D_left * D_right) < 0.0)
{
while(fabs(time_left - time_right) > 0.001)
{
time_middle = (time_left + time_right)/2.0;
D middle = GMFilterPressureDrop(unitPtr,FeedStr, time_middle)
- gmfPtr->MaxPresDrop;
if (D_middle*D_left < 0.0)
time_right = time_middle;
else
{
time left = time_middle;
D_left = D_middle;
}
}
break;
}
if (fabs(D_left) <« fabs{D_right))
D_left = GMFilterPressureDrop{unitPtr,FeedStr, time_left +=
factor* (time_left - time_right)) - gmfPtr->MaxPresDrop
else
D_right = GMFilterPressureDrop{unitpbtr,FeedStr, time_right +=
factor* (time_right - time_left)) - guiPtr->MaxPresDror
}

1f (k>MAX_ ITERATIONS)
*errorFlag = TRUE;

return(time_middle);

}

/*************k*****‘k***‘k******x*x**r*********‘k***************

* *
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* Function that estimates the total pressure drop *
* in the GMFilter given the time of filtration in hr *
* *
* K. Abeliotis 2/18/1994 *
* *
*******‘k***k******k‘k****‘k********v‘c*********‘k*‘k***‘k********‘k****/

double GMFilterPressureDrop(LINK unitPtr,St_LINK FeedStr, double time)
{

GMediaFrilterPtr gmfPtr;

St_CompPtr FeedCompPtr;

short i;

double BedHeight; /* Total bed height, m */

double BedvVolume; /* Total bed volume, m3 */

double alpha; // Average bed porosity

double RemovPartVol; // Volume of removed particles, m3

double b; // parameter used in pressure drop correlation
double nu; // Volume of deposited particles/Unit bed volume
double h0; // Clean bed headloss, m H20

double h; // Total bed headloss, m H20

double g = 9.81; // m/s2

double Dens; // Feed Stream Density, kg/m3

double deltaP; // Total pressure drop, Pa (kg/m-s2)

gmfPry = (GMediaFilterPtr) unitPtr->theModel;

// ESTIMATE AVERAGE FILTER POROSITY

alpha = 0.0;

for{i=0; i<gmfPtr->NumOfLayers; 1i++)
alpha += gmfPtr->alphalil;

alpha /= gmfPtr->NumOfLayers;

// ESTIMATE BED HEIGHT, m

BedHeight = 0.0;

for(i=0; i<gmfPtr->NumOfLayers; i++)
BedHeight += gmfPtr->Height{i];

// ESTIMATE BED VOLUME, m3
Bedvolume = (PI*pow(gmfPtr->Diam,2.0)/4.0)*BedHeight;

// ESTIMATE VOLUME OF DEPOSITED PARTICLES, m3
FeedCompPtr = FeedStr->StComplist;
RemovPartvol = 0.0;

for{ i=0; i<NumQfComps; Ii++)

{
RemovPartVol += FeedCompPtr->CompMassFlowgmiPtr-
>RC[i}/Com@onent,Density(theComps[i]—>name)*time/unitPtr—>Number;
FeedCompPty = FeedCompPtr->next;
}

// ESTIMATE DENSITY OF FEED STREAM, Kg/m3
Dens = Stream_Density(FeedStr);

// PARAMETERS FOR PRESSURE DRCOP CORRELATION
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» = alpha/(1.0 - alpha);
nu = RemovPartVol/Bedvolume;

// ESTIMATE CLEAN BED HEADLOSS, m
h0 = CleanBedHeadlossEstimation( unitPtr, FeedStr};

// ESTIMATE TOTAL HEADLOSS, m
h = h0*(1.0 + (2.0%b+1.0)* (nu/alpha) + pow(b+1.0,2.0)*pow(nu/alpha,2.0});

// CONVERT HEADLOSS TO Pa
deltaP = Dens*g*h;

// CONVERT Pa to bar
deltaP /= 1.0E5;

return (deltaP); // bar

}

/*****************************************k**************

* *
* Function that estimates the clean bed headloss *
* for the GMFilter using the appropriate equations *
* *
* K. Abeliotis 2/18/1994 *
* ¥*

*********************************************************/

double CleanBedHeadlossEstimation (LINK unitPtr, St_LINK FeedStr)
{

GMediaFilterPtr gmfPtr;
short i;
double g = 9.81; // m/s2

double Phi[5];
double PartDiam([5];
double alphal(5];
double Height[5];

double K; // Fair-Hatch Eqn Filtration Constant
double h{51; // Clean bed headloss for each laver
double Re(5]; // Reynold's Number

double Cdf5]; // Friction Factor Rose Egn

double f£[5]; // Friction Factor Carmen-Kozeny Egn
double htot = 0.0; // Total Clean bed headloss

short NumOflayers;

double LigVisc; // Kg/m-s

double Dens; // Kg/m3

double Kinemvisc; // m2/s

double Flux; // m3/m2-h

gmiPtr = (GMediaFilterPtr) unitPtr->theModel;

// GET VALUES FROM DATA STRUCTURE

NumOfLayers = gmfPtr->NumOfLayers;

Flux = gmfPtr->Flux/60.0/1000.0; // Convert L/m2-min t£to m3/m2-s
LigVisc = gmfPtr->LigVisc*1.0E-3; // Convert cp to Kg/m-s

K = gmfPtr->K;



