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Report Title Feasibility Study of the Use of an Integrated System of
a Hydrogen Generation Unit and Solid Oxide Fuel Cell
as a Power Plant.

By Mr.Chanwit Chansatirapanich

MISS Preeyaporn Saengwirun

Advisor Dr. Walairat Suksamai
Report for Bachelor Degree of Chemical Engineering
Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

Abstract

This work presents an analysis of the integrated system of a solid oxide fuel cell (SOFC)
with a hydrogen production unit to produce electricity. In this work, hydrogen production —
SOFC combined systems were designed and simulated. Here, two cases studied of hydrogen
production process, i.e. partial oxidation and steam reforming of methane, were performed. 1000
L/h of methane was fed into the hydrogen production unit and then hydrogen separated from the
product stream through the palladium membrane was supplied to the SOFC where the electricity
was produced. Other gas was fed to a combustor in the turbine system. The simulated results
show that the integrated system of SOFC with the steam reforming unit could provide the
electrical power lower than the co-generation system used in Bangprakong power plant by 30%
while the combined system of SOFC with the partial oxidation unit could provide the electrical

power higher than the co-generation system by 15%
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H, — =H,xY% (3.3)
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aoUSuallalasouiieh @miszuadesaz 80 a1il 1da1nn1s

3 Y Ay ¥ A dy v
furadellsunsui ladowne Tnssani g ldnnaanuan 1)

3.1.4 msannammamanan iwives SOFC

o ~
‘ﬂ'lﬂﬂ;]‘ll’éN‘V‘hi'lLﬂfJ qunNITNn 2.21

2 I
Axnx F

22 ladSiunssua Idhnean ldain

I=JxAxnxF

1 L4
HIAIANATUNIU (R) UDIT2UUIN
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A

-~ 4 Ao ad 2
Area as AunAlveIdlanInsa (cm”)

Masmsnaam ldanaunish 2.24

P=I°R
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Ts flo gainnlvouFoimang
TOb Apguugides My 298.15 K

Y o o Ay ¥ Y & o nly < o 4'119/
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1.6;210 (3.6)

Cp, =3.355+(5.75x107T -

Cp= (Cp1+Cp2)/2*R (3.7)

H=m*Cp*(T2-T1) (3.8)
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Name Tin Tout Duty MCP Type
K K W J/sec-K
FEED 298.15 973.15 1163.43 1.72 COLD
PRODUCT 973.15 432.31 794.50 1.47 HOT
N2 MEM 298.15 823.15 188.48 0.36 COLD
MEMSOEFC 823.15 1273.15 230.18 0.51 COLD
SOFC 1273.15 313.15 400.32 0.42 HOT
HOTGAS 2024.23 313.15 2617.95 1.53 HOT
AIR 298.15 1273.15 0.78 8x10™ COLD
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Totalmolfeed = NH20+NCO+NCO2+NCH4+NH2;
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Qtf = (totalmolfeed).( Rh).(Tmb)/(Ptf);
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Hcomb=energy(RH2,NCH4,Ts xRH2,xCH4);
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1 o 4 ) ¥ ar []
sen e Wandveslalasnu(molH, / m* hr ) H1 ANUUANAINYDIANUAUGDY
1 9
AP (atm.) ¥4 18 aunsaadl
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3.2.2.8 HEUAITHADUN SN N UV ININTUADIINNI (function commemb())
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6 1000 350 130.90 33.56 fou
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413 wamsnaseumsmaulastlouudalimudnszuy 1000 Gasdedalue Ngungl

Q

Y
25 °C AMUAY 1 UTTOMA IANaAITL

A Y Ay v o a v eA  a
A1319% 4.2 uamsdeyadi Idnnmsannanszuiumsnas lihdowaddemds lasms

a 9 A =) ¢ A 9 :’
NﬁﬁllaiﬂﬁLﬂﬂﬂ?ﬂ’)ﬁﬂWiiV\l@ﬁMﬂJﬁﬂ’)ﬂHT

504 woftla At
Wnaudelelasioudildon 73.66 mol/h
insea1fnsal MSR
Wt afimufimdenniaies 28.82 mol/h
fjnsei MSR
vuinsoafnal
- USmadus algisen Nsac 0.688 kg
wisawildIiafesgnsal 1,524.83 W.

o &y
ﬂ']iLLfJﬂLLﬂﬁ]lﬁiﬂﬂﬁ]u‘ﬂﬂ')ﬂmll-

IS

- EmesLen 58.93 mol/h

- FETNUNTA 14.73 mol/h
SOFC :

- mde il 2,367.89 W.
Compressor :

- fde Tl 1,433.10 W.
Gas turbine :

- MdaTuldhh 3,463.69 W,
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o Ay o o &
- WALUNABINIANS 630.1 w.

WALNUGND 2,873.65 w.
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4.2.3 wamsna@aumsman Iesdleuudatmudiszuy 1000 dasdadalue #

gangll 25 °C ATNAY 1 UTTOIMA WU TANAAIA15197 4.4

~ a d 3 a AA @ d
ATNN 4.4 ﬂTﬁTQLLﬁﬂQﬂJ'E'Nﬂi$U'Juﬂ'l5Nﬁﬂﬂ53Ll’ﬁ"h/‘lﬂW%UEJL“Ifﬁal%ﬂLWﬂﬁﬁﬂJﬂ'ﬁﬁ%ﬂTﬂﬂ

TalaswudredIsmseendasuinsdiu

S04 wan 1A MY
Ysnawlalalasouiildn 18.4 mol/h
inoalfnsal (POX)
Pnamdadimufimdennnses 28.82 mol/h
Ufin3el (POX)

A a L4
vuaaseilfnsol

- dsmadusal§nzer Fe,0, 33.33 mol
- Additive Rh, O, 0.83 mol
- f99951 Y, 0, 1.66 kg

o =y
msuﬂmma"laiﬂmu‘wmmw

ST RARS

- AIUNDINLBA 14.72 mol/h

- AWSNUNTA 3.68 mol/h

- fuiiin 1.46 m?
SOFC :

- Mde i 591.77 W.
Gas turbine :

- fde vl 4196.69 W.
Pinch

- wisnufidessae 92.18 W.

- ndaufideatiadi 3983.22 w.

WAINUGNT 4695.86 W.




4.3 manfSaumguraszninenszuIums uazlsainih 188sm1s199 4.5

A13197 4.5 MmafSeudeunasernensezuaums uag 159 Wi

64

ATZUIUNIT MSR

NTTUIUNTT POX

T5a'lw#h

29 9

a dy o
YSuransornanla

1,000 L/h 1,000 L/h 63,721,325 L/h
WOUGNT 2.87 kW 4.70 kW 262500 kW
Fomas 1 Lm 18
WA 0.00287 kW 0.00469 kW 0.00411 kW
afSoudsundanud
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¥

Feed methane : 1000.000000 L/hr
value up scale ratio 1 1666.666626
New product H20 malar flowrate 15500000 mol/h
New product CO malar flowrate : 8.500000 mol/h
New product CO2 malar flowrate : 6.400000 mol/h
New product CH4 malar flowrate : 28.820385 mol/h
New product H2 malar flowrate 1 18.400000 mol/h

Reactor size :

Catalysts Fe203 :33.333332 mol
Additive :0.833333 mol
Support Y203 : 1.666667 kg

rikxrkkaxDATA Of Seperation Process ¥** ¥ xkkxkx

Temperature befor go to compressor of membrane seperation is

Compressor use power

Total Pressure berfor go to seperation process

You have use Area of membrane seperation

Volume flow rate inert gas sweep line

mol flow rate inert gas sweep line

Pressure feed after seperation process

Pressure Hydrogen of permeate

a o 9 < A’ = = 9 ey = o/
deyanuvesnszuumswan Wihdruwadivenas InawdnlalaswudieIzsmseendiniu

1 459.827972 K

:0.424818 watt

: 11.000000 atm

: 1.990080 m2

: 1.459307 m3/hr
:21.604103 mol/hr

: 8.605454 atm

1 0.598635 atm
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Pressure Inert gas of permeate 1 0.401365 atm
mol Hydrogen in feed after seperation process in shell :0.000272 mol
mol Hydrogen in permeate seperation process in shell 2 0.001089 mol
Hydrogen in feed after seperation process : 3.679993 mol/hr
Hydrogen in permeate seperation process 1 14.719957 mol/hr
lenght tube 1 1.1056 m.

Side of electrolyte (W:L:thic) cm. :(10.000000:10.000000:0.001000) cm.
Flux : 0.000002 mol/s.cm2

Current of Fuel Cell 142.063671 A.

Airea:cosection : 100.000000 cm2

Resistant :0.000063 ohm

Voltage :0.750000 Volt.

Use sofc stach cell about : 18.758005 single cell

Electic Power 1591.772949 Watt.

Energy from combustor 1 34370644.000000 J/mol
Compression ratio(rp) 1 16.000000
Compress Feed mol air 1 1132.965088 gmol/hr:

Temp 1:298.149994 K Pressurel : 1.000000 atm Ennergy : 2721.622803 W.

Temp 2:643.572998 K Pressure2 : 16.000000 atm Ennergy : 5963.819336 W.

Temp 3:1558.949463 K Pressure3 : 16.000000 atm Ennergy : 14731.910156 W.
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Temp 4:779.405029 K Pressure4 : 1.000000 atm Ennergy : 7293.020996 W.

Total Energy of Gasturbine :4196.692383 W.

Gas Turbine Thermal Eff. : 53.672701 persen

sk sk o ok ok 5k ok 3k sk ok ke sk ok sk sk sk skok Pinch sk dkook ok sk sk ko sk sk kok sk sk sk sk ki sk sk sk sk sk sk ok sk ok
Cool Feed need enrgy : 92.180000 W.

Hot Feed edicate enrgy 13983.219971 W.

ok sk ok ok ok s sk sk sk sk sk sk sk sk sk sk ok Result dkkskokoksk kskokokkkkokkkokkokkokokkdkkkk

Net Power of Plant : 4695.860352 W.
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Tnal)sunsu STARTNO2.exe

#include<stdio.h>
#include<conio.h>
#include<math.h>
#include<string.h>

#include<stdlib.h>

/* function of Operation Seperation*/

float energy(float mh2,float mch4 ,float T,float xRH2,float xCH4);

void membrane(float H20 ,float CO ,float H2 ,float CO2 ,float CH4,float Ph);
float compress(float ,float );

float combus(float ,float ,float ,float );

float turbine(float ,float);

float interporate(float T);

float commemb(float);

/* Gobal Factor */
float molair=0;

float integal=0.1; /* value integal use in process trial and calculation */

/* Gobal Factor of membrane seperation */

float Areamemb ,/* Area of membrane do use in process ,m2 */
Qlnt J/* Volume flow rate of inert gas ,m3/h */
PressMain ,/* Pressure overall of feed ,atm*/
PH2per=0 ,/* Pressure of Hydrogen in permeate ,atm */

xmolfeed ,/* mol flow rate in feed ,mol/hr */

Summolper=0 /* Sumation of mol in permeate ,mol/hr */
ratioup J*ratio of simulate shell diff*/
lenghtmem ;/* lenght of membrane in pipe use seperation ,m */

void main()
{
/* Factor of get value */

float Fe

3

w=2.5 J* wlide ,cm)*/
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L=25 J/* long ,cm*/

thic=0.003 ;/* thickness ,cm*/

/* Factor calculate & send data of Partial Oxidation */

float upF
mFe=0.6
mH20=0.0033
mCO0=0.0051
mH2=0.01104
mC02=0.00384
mCH4=0.017292231
NH20
NCO
NH2
NCO2
NCH4
Pt=1
Qtf

totalmolfeed=0

J/* upscale value */

J/* old's Feed ,(L/hr)*/

J/* old's H20 ,(mol/hr)*/

J/* old's CO ,(mol/hr)*/

J* old's H2 ,(mol/hr)*/

J/* old's CO2 ,(mol/hr)*/

J/* old's CH4 (mol/hr)*/

J/* new's H20 ,(mol/hr)*/

/% new's CO ,(mol/hr)*/

J/* new's H2 (mol/hr)*/

J/¥new's CO2 ,(mol/hr)*/

J/* new's CH4 (mol/hr)*/

/% Pressure total of feed befor out from Reactor ,atm*/
J/* Volumemetic flow rate total of feed befor out from Reactor ,m3/hr */

;/* Total mol flow rate of feed befor out from Reactor ;mol/hr*/

/* Factor of process membrane seperation */

float AliP J/* total permeate flow mole rate ,mol/hr */
SH2 ,/* Hydrogen at Permeate ,mol/hr */
RH2 /* Hydrogen at Retentate ;,mol/hr*/
/" sep=99.9 ,/* persen seperation pure of permeate */
Ts=823.15 /¥ Temp at membrane seperation process ,K */
Vh ,/* Volume of Hydrogen befor sep. ,m3*/

Rh=82.06*0.000001
Ph=11

Ah

molint

Pint=1

J/* Value of the Universal Gas Constant ,(m3.atm/mol.K) */
,/* pressure of process into membrane seperation */

,/* Airea of membrane seperation for sep. 100% */

,/* Mol flow rate inert gas Sweep line ;mothr */

;/* Press of Mol inert gas ,atm*/

/* Factor of calculate electical process */

float J ,/* flux of H2 done on electrolyte ;,mol/s */

1 J/* current of fuel cell ,A */
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J* airea of electrolyte ,cm2 */

J/* resistant of electrolyte ,ohm */

,/* Electic Power ,Watt */

Powemet;/* Overall Power of plant ,Watt*/

/* Factor of Gas Turbine Process */

float Hcomb
p=16
T1=298.15

Pl=1
T2
P2
T3
P3
T4
P4

tm[5]

Entrapy[10]

,/* Total heat of combustion at combustor unit ,J/mol */

,/* Compression ratio in Gas turbine process */

,/* Temp at surrounding befor go to compressor ,K */

,/* Pressure at surrounding befor go to compressor ,atm */
/* Temp after compressor ,befor combustor ,K */

,/* Pressure after compressor ,befor combustor ,atm */

,/* Temp after combustor ,befor Turbine ,K */

/* Pressure after combustor ,befor Turbine ,atm */

,/* Temp after Turbine ,K */

,/* Pressure after Turbine ,atm */

J/* temp get data free 5 ru */

;/* Entrapy of air , J/s */

/* Factor Thermal Eff. Brayton */

float k

eff

J* specific thermal ratio */

;/* Thermal Eff. Brayton */

/* General Factor use in main function */

char chec;
float temp;
int i=0;

/* Factor of calculate mol faction */

float xH20
xRH2
xCO2
xCO
xCH4

El

Summol ;

/#**Factor of compressor to membrane seperation ***/
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float Tmb J/*Temperature befor go to compressor of membrane seperation ,K*/
rpb=11 J/*compresion ratio of compressor of membrane seperation*/
tempE J/*factor of GB. get value other if you want */

Energycomp  ;/*Energy of compressor of membrane seperation,J/s*/

/##%% Factor of Pinch & calculate heat intregation ***/

float Qphot J/* Heat Energy Overall eradicate from process at sink ,j/s);*/
Qpcool ,/* Heat Energy Overall input to process at heat Ex ,j/s);*/
Qphotset =3983.22 /* Haet Energy in hot feed need eradicate Energy from main model of Pinch ,j/s*/
Qpcoolset=92.18 J* Energy in Cool feed need Energy from main model of Pinch ,j/s*/
setP=1000 ;/* fedd at 100 Vhr of orginal model of Pinch*/

/*¥*%* Factor of Reactor for scale up ***/

float Fe203 =20 *0.001 ,/* Catalysts : Fe203(mol) , Original model is 20 mmol*/
additive =0.5*0.001 J* Additive (mol) , Original model is 20 mmol */
Y203 =1 *0.001 ;/* Support : Y203(kg) , Original model is 1 g. */

FILE *super;

clrser();

super=fopen("C:\PROJECT\DATAWSTART109.txt","w+");

printf{("Enter your new Feed(L/hr) : ");
scanf("%f",&Fe);

/x*%% Feed & Convert Product ****/

upF=Fe/mFe;

NH20=upF*mH20;
NCO=upF*mCO;
NH2=upF*mH2;
NCO2=upF*mCO02;
NCH4=upF*mCH4;

/¥**%¥ Reactor Scale Up **+%/
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Fe203 *= upF;
additive *= upF;

Y203 *= upF;

/**** o sk sk sk skskeokokok Compressor********** ***/

Tmb=commemb(rpb);

Ph=rpb;

totalmolfeed = NH20+NCO+NCO2+NCH4+NH2;
Qtf=totalmolfeed* Rh*Tmb/Ptf;

/* **************Thlnklng Energy*************** */
tempE = Ts/Tmb;

tempE = log(tempE)/ log(rpb);

Energycomp = (3.03*pow(10,-5)/tempE)*Ptf*Qtf*(Ts/Tmb-1)*( pow(10,6)/60/9.86923);

/¥*%% Unit Seperation : input % permeate ****/

membrane(NH20 ,NCO ,NH2 NCO2 ,NCH4,Ph);
SH2=Summolper*ratioup;
RH2=xmolfeed*ratioup;

molint = Pint*QInt/Rh/Ts;

/Fx#x SOFC Calculation ****/

J=SH2/3600;
1=J*2%96284;

A=W*L;
R=6.25*thic/A;
/* **************Thinking Energy*************** */

Po=pow(1,2)*R;

printf("\n\nPower is %f Wh. from SOFC",Po);

getch();

/#*%% Gag Turbine Section : 1 Calculate Heat of combustion *#**/
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/

[¥*%* At temp : Seperation unit **¥*/

/** heat of combustion of methane & Hydrogen in rententate line **/

Summol=RH2+NCH4+NCO+NCO2+NH20;
xRH2 = RH2/Summol;
xCH4 = NCH4/Summol;

Hcomb=energy(RH2,NCH4,Ts,xRH2,xCH4),

printf("\n\nEnergy of Combustor : %f J/mol",Hcomb);
getch();

P2=P1*rp;
P4=P1;
P3=P2,

temp=compress(T1,rp);

T2=temp;
temp=combus(T2,RH2,NCH4,Hcomb);
T3=temp;

T4=turbine(T3,rp);

tm[1]=T1;
m[2]=T2;
tm{3]=T3;

tm[4]=T4;

for(i=1;i<5;i++)

Entrapy[i]=interporate(tm[i])*molair*29/3600; /* J/g *(mol/hr * g/mol *1hr/60s. */

Entrapy[5]=(Entrapy[3]-Entrapy[4]) - (Entrapy[2]-Entrapy[11);

Powemet = Po+Entrapy[5]-Energycomp;

/************** Thermal Eff Brayton *****************/
temp= log(P2/P1) / log(T2/T1);

k= -temp/(1-temp);
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temp= (k-1)/k;

eff=1-(1/pow(rp,temp));

/***************** Pinch Calculation skokokokok ok skokokokokokok bk ok f

Qphot = Qphotset*Fe/setP;

Qpcool = Qpcoolset*Fe/setP;

Powernet -= Qpcool;

/¥¥%% Show Answer of process in std. Qutput ****/
printf("\n\nvalue up scale ratio : %f",upF);

printf("\n\nNew product H20 malar flowrate : %f mol/h",NH20);
printf("\nNew product CO malar flowrate : %f mol/h",NCO);
printf("\nNew product CO2 malar flowrate : %f mol/h",NCO2);
printf("\nNew product CH4 malar flowrate : %f mol/h" ,NCH4);

printf("\nNew product H2 malar flowrate : %f mol/h",NH2);

printf("\n\n\nMmbrane Seperation process at %f K", Ts);

printf("\n\nTemperature befor go to compressor of membrane seperation is : %f K", Tmb);
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printf("\n\nCompressor use power : %f watt" Energycomp);

printf("\n\n'You have use Area of membrane seperation : %f m2",Areamemb);

printf("\nVolume flow rate inert gas sweep line + 2%f m3/hr\tmol flow rate : %f mol/hr",QInt,molint);
printf("\nPressure feed after seperation process : %f atm",PressMain);

printf("\nPressure Hydrogen of permeate : %f atm",PH2per);

printf("\nmol Hydrogen in feed after seperation process in shell : %f mol" xmolfeed),

printf("\nmol Hydrogen in permeate seperation process in shell  : %f mol",Summolper);

printf("\n\nHydrogen in feed after seperation process : %f mol/hr" xmolfeed*ratioup);
printf("\nHydrogen in permeate seperation process : %f mol/hr",Summolper*ratioup);
printf("\nlenght tube : %.4f m. ", lenghtmem);

printf("\n\nFlux : %f mol/s.m2",J);
printf("\nCurrent of Fuel Cell : %f A."I);
printf("\nAirea:cosection : %f cm2",A);

printf("\nResistant : %f ohm",R);



1

printf{("\n\nElectic Power : %f Watt.",Po);

printf("\n\n\n AT Gas Turbine Peocess ");
printf("\nEnergy from combustor : %f J/mol" Hcomb);,

printf("\nCompression ratio(rp) : %f : ",rp);

printf("\nTemp 1 : %f K\Pressurel : %f atm\tEntrapy : %f W.",T1,P1,Entrapyl[1]);
printf("\nTemp 2 : %f K\tPressure2 : %f atm\tEntrapy : %f W.", T2,P2 Entrapy[2]);
printf("\nTemp 3 : %f K\tPressure3 : %f atm\tEntrapy ~ : %f W.",T3,P3,Entrapy[3]);
printf("nTemp 4 : %f K\tPressure4 : %f atm\tEntrapy : %f W.", T4,P4, Entrapy[4]);
printf{"\nTotal Energy of Gasturbine : % W." Entrapy[5]);
printf("\n\nPinch calculation Energy : ");

printf("\nCool Feed need enrgy : %f Watt.",Qpcool);

printf("\nHot Feed edicate enrgy : %f Watt." , Qphot);

printf("\n\n\nNet Power of Plant : %f W." Powemnet),

getch();

/¥*** Show Answer of process in TEXT file "STARTUPY.txt" ****/

fprintf{super, "\ #+#* sk xakrskkix DATA Of Scale Up AR A R R 1)

fprintf{super,"\n\nFeed methane : %f L/hr" Fe),
fprintf{super,\n\nvalue up scale ratio : %f ", upF);
fprintf(super,”\n\nNew product H20 malar flowrate : %f mol/h" NH20);

fprintf{super,”\nNew product CO malar flowrate: %f mol/h",NCO);

fprintf{super,"\nNew product CO2 malar flowrate : %f mol/h" NCO02);
fprintf{super,"\nNew product CH4 malar flowrate : %f mol/h",NCH4);
fprintf{super,"\nNew product H2 malar flowrate : %f mol/h",NH2);

fprintf{super,"\n\nReactor size :");

fprintf(super,"\nCatalysts Fe203 : %f mol",Fe203);
fprintf(super,"\nAdditive : %f mol",additive);
fprintf{super,\nSupport Y203 : %fkg ",Y203);

fprintf(super,"\n\n\n******k*+4DATA OF Seperation Process **#¥#ixkikixn),
fprintf(super,"\n\nTemperature befor go to compressor of membrane seperation is : %f K", Tmb);

fprintf(super,"\nCompressor use power : %f

watt" Energycomp);

fprintf(super,"\nTotal Pressure berfor go to seperation process : %f atm",Ph);
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fprintf(super, "\n\nYou have use Area of membrane seperation : %f m2" Areamemb);
fprintf{super,"\nVolume flow rate inert gas sweep line : %f m3/hr\tmol flow rate : %f

mol/hr",QInt,molint),

fprintf{super,"\nPressure feed after seperation process : %f atm",PressMain);
fprintf{super,"\nPressure Hydrogen of permeate : %f atm",PH2per);
fprintf{super,\nPressure Inert gas of permeate : %f atm",1-PH2per);

fprintf(super,”\nmol Hydrogen in feed after seperation process in shell : %f mol" xmolfeed),

fprintf(super,"\nmol Hydrogen in permeate seperation process in shell : %f mol",Summolper);

fprintf(super, "\n\nHydrogen in feed after seperation process : %f mol/hr" xmolfeed*ratioup);
fprintf{super,"\nHydrogen in permeate seperation process : %f mol/hr",Summolper*ratioup);
fprintf{super,"\nlenght tube : %.4f m. " lenghtmem);

fprintf(super,"\n\n\****************DATA Of SOFC *******************");

fprintf{super,"\n\nSide of electrolyte (W:L:thic) : (%f:%f:%f)",W,L,thic);

fprintf{super,"\n\nFlux : %f mol/s.m2",J);
fprintf{super,"\nCurrent of Fuel Cell C%EAM)D);
fprintf{super,"\nAirea:cosection 1 %fem2",A);
fprintf{super,"\nResistant : %f ohm",R);
fprintf{super,"\n\nElectic Power : %f Watt." Po);

fprintf{super,"\n\n\n* F##kkdksst kit AT Gas Turbine Peocess Hkdk kR
fprintf{super, \n\nEnergy from combustor : %f J/mol",Hcomb);
fprintf{super,"\nCompression ratio(rp) . %f ",rp);

fprintf{super,"\nCompress Feed mol air : %f gmol/hr: " molair);

fprintf{super,"\nTemp 1 : %f K\tPressurel : %f atm\tEnnergy : %f W.",T1,P1,Entrapy[1]);
fprintf{super,"\nTemp 2 : %f K\tPressure2 : %f atm\tEnnergy : %f W.",T2,P2,Entrapy{2]);
fprintf(sﬁper,"\n’l‘emp 3 : %f K\tPressure3 : %f atm\tEnnergy : %f W.", T3,P3, Entrapy(31);
fprintfisuper,"\nTemp 4 : %f K\tPressure4 : %f atm\tEnnergy : %f W.",T4,P4,Entrapy[4]); -
fprintf(super,"\n\nTotal Energy of Gasturbine : %f W." Entrapy[5]);
fprintf{super,"\n\nGas Turbine Thermal Eff. : %f persen”,eff*100);

fprintf{super,"\n\n###H sk ktkak ik Pinch R )]
3

fprintf{super,”\n\nCool Feed need enrgy : % W.",Qpcool);
fprintf(super,"\nHot Feed edicate enrgy : %f W.",Qphot);
fprintf(super,“\n\n****************** Result ***************************");

fprintf{super,"\n\nNet Power of Plant : %f W.", Powernet);



fclose(super);

getch();
}
float energy(float mh2,float mch4,float T,float xRH2,float xCH4)
{
/* Factor of Gas Turbine Process */
float Ts ,/* Temp at seperation process ,K */
TO0b=298.15 J/* temp at standard combustion ,K */
HOme=890649 ,/* Heat of combustion of methane at 298 K ,J/mol */
HOh2=285830 ,/* Heat of combustion of Hydrogen at 298 K,J/mol */
Hme ,/* Total heat of combustion at temp sep.Unit of Methane ,J/mol */
Hh2 J/* Total heat of combustion at temp sep.Unit of Hydrogen ,J/mol */
Hcomb ,/* Total heat of combustion at combustor unit ,J/mol ¥/
R=8.314 :/* Gas constant ,J/mol.K */
/* constan factor for calculate Cp termodynamic */
float Am=1.702 B
Bm=9.081*0.001 ,
Cm=-2.164*0.000001 ,
Ah=3.249 !
Bh=0.422%0.001 )
Dh=0.083*100000 ;
Ts=xCH4*PressMain*T;
Hme=HOme+R*( Am+( Bm/2*TOb*(Ts/T0b+1) J+(Cm/3* TOb* TOb*(pow((Ts/T0b),2)+(Ts/TOb)+1)) *(Ts-
TOb);

printf("\n\nEnergy methane 1 mol : %f j/mol",Hme);

Hme=Hme*mch4;

Ts=xRH2*PressMain*T;

Hh2=HOh2-+R*( Ah-+( Bh/2*T0b*(Ts/T0b+1) )+ ( Dh/(Ts/T0b)/TOb/TOb ) )*(Ts-TOb);
printf("\n\nEnergy Hydrogen 1 mol : %f j/mol",Hh2);

Hh2*=mh2;

Hcomb=Hme+Hh2;



printf("\n\nEnergy of Combustor : %f J/mol",Hcomb);
/ getch();

return(Hcomb);

float compress(float T1,float rp)

{
float A=3.355,
B=0.575*0.001,
D=-0.016*100000,
In8=log(rp),
ans=-1,
/ T1=298.15,
T2=533;
" int i=0,j=0;
printf("\n 1n8 : %f",In8);
printf("\n Please wait. Computer is compiling NOW. Jai Yen Yen na'");
/ T2=T1+0.001;
while(ans<Ing)
{
T2+=integal;
ans=A*log(T2/T1)+B*T1 + (D/ pow((T2/T1),2) / (T1*T1) * (T2/T1+1) / 2)) *(T2/T1-1);
printf("\nCal.at comp ans : %.41\T2 : %.4" ans,T2);
}
printf("\n\n Last T2 used in operate Brayton is : %f ",T2);
/ getch();

return(T2);
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float combus(float T,float H2,float CH4 ,float Heat)

{

"

float Ho=0
T1=T , [*K*
T2
Cp
Cpl

Cp2

/* factor use for calculate mass air */

float R=8.314 ,/* Gas constant ,J/(mol.K) */
ma ,/* mol of air ;,mol */
facCH4=9.5238  /* factor molair for combustion Methane */
facH2=2.3809 /* factor molair for combustion Hydrogen */

ra=4 ;/* ratio of air more than use combustion in combustor unit */
ma= (CH4*facCH4)+(H2*facH2);
ma= ma¥*ra;

molair=ma;

printf("\n\n Mol of Air At Combustor : %fmol",ma);

getch();

while(Heat>Ho)

{
T2=T1+integal;
Cpl1=3.355+0.575*0.001*T1-0.016*100000/pow(T1,2);
Cp2=3.355+0.575*0.001*T2-0.016*100000/pow(T2,2);
Cp=(Cp1+Cp2)/2*R;
Hot=ma*Cp*(T2-T1);

T1=T2;

printf("\ncal.at Combustor Ho : %.41\\T3 : %.4f",Ho,T1);
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printf("\n\nCalculate at Combustor : T3 Temperature is : %f",T1);

/ getch();

return(T1);

float turbine(float T,float rp)

{
float A=3.355,
B=0.575*0.001,
D=-0.016*100000,
In8=log(rp),
ans=1,
T2=T,
T1=800;
printf("\n In8 : %f",In8);
printf("\n Please wait. Computer is compiling NOW. Jai Yen Yen na"};
i T1=T2-0.001;
while(ans<In8)
{
T1-=integal;
ans=A*log(T2/T1)+B*T1 + (D/ pow((T2/T1),2) / (T1*T1) * (T2/T1+1) / 2)) ¥(T2/T1-1);
printf("\ncal.at Turbine ans : %.4\tT4 : %.4{",ans,T1);
b
printf("\n\n Caculat at Turbine : Last T4 used in operate Brayton is : %f ", T1);
I getch();
return(T1);
}

float interporate(float T)
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float

h;

h=-9*pow(10,-11)*pow(T,4) + 2*pow(10,-7)*pow(T,3) - 7*pow(10,-5)*pow(T,2) + 0.998*T + 2.285;

return(h);

void membrane(float H20 ,float CO ,float H2 ,float CO2 ,float CH4,float Ph)

t

/"
i

/

i

"

1

/* Factor of membrane seperation */

float

totalmol=0
PH2feed
PH2per=0
PressMain=4
dp

xH2
xmolfeed
xmolper=0
Summeolper=0
Pressother

r

R

T=723.15
velocity=0
ArealS

AreaOS
Q

Ru=82.06%0.000001

VIS
VOS
7=0.0001
Nm3
count=0

Areamemb

/% Overall mol flow rate befor go to membrane ,mol/h */
J/* Pressure of Hydrogen in feed ,atm */
/% Pressure of Hydrogen in permeate ,atm */
,/* Pressure overall of feed ,atm*/
,/* differnt Perssure betaween feed vs. permeate */
,/* partial mol of Hydrogen */
,/* mol flow rate in feed ,mol/hr */
,/* mol flow rate in permeate ;mol/hr */
,/* Sumation of mol in permeate ,mol/hr */
J* Pressure all solution have not partial pressure hydrogen ,atm */
/* Radius in side of pipe ,m. */
/* Radius out side of pipe ,m. */
,/* Temperature Operation ,K */
J/* Velocity of fuid in pipe , m/h */
J/* Area inside pipe ,m2 */
J/* Area outside pipe ,m2 */
J/* Volume flow rate ,m3/h */
J/* Gas Constant ,m3*atm/mol/K */
,/* Volume inside integal ,m3 */
J/* Volume outside integal ,m3 */
J/* integal lenght ,;m */
,/* Flux of volum flow rate on membrane ,Nm3/m2.h */
;/* Counter factor */

,/* Area of membrane do use in process ,m2 */
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lenghtmem ,/* lenght of membrane in pipe use seperation ,m */

Qlnt ;/* Volume flow rate of inert gas ,m3/h */

/* Factor Support from main function */

float NH20 =H20 J* new's H20 ,(mol/hr)*/
NCO =CO J/* new's CO (mol/hr)*/
NC0O2 =CO02 J/* new's H2 ,(mol/hr)*/
NCH4 =CH4 J* new's CO2 ,(mol/hr)*/
NH2 =H2 i/* new's CH4 ,(mol/hr)*/

/* New Factor for New Idea of RIif */

float // ratioup J/*ratio of simulate shell diff*/
temp[10] /*keep some factor in sometime */
q J*partial vol folw ,m3*/
tq ;/*time of partial vol folw ,hr*/
clrser();

PressMain=Ph;

xmolfeed=NH2;
totalmol=NH20+NCO-+NH2+NCO2+NCH4;
xH2=NH2/totalmo];

PH2feed= xH2*PressMain;

Pressother=PressMain-PH2feed;

printf("\n\nEnter your radius (cm.) feed pipe : ");
scanf("%f",&r);

1=1/100;

R=r*3;

ArealS=22/7*pow(r,2);
Area0S=22/7*pow((R-1),2);
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Q=xmolfeed*Ru*T/PH2feed;

VIS=22/7*pow(r,2)*z;
VOS=22/7*pow((R-1),2)*z;

temp]3]=xmolfeed;

xmolfeed=PH2feed* VIS/Ru/T;

ratioup=temp[3}/xmolfeed,;

tq=VIS/Q;

dP=pow(PH2feed,0.73)-pow(PH2per,0.73);

printf("\n\nArealS : %fm2",ArealS);

printf("\n\nAreaOS : %f m2",AreaOS);

printf("\n\nxmolfeed : %f mol/h\txmolper : %f mol/h",xmolfeed,xmolper);
printf("\n\n VIS : %A\tVOS : %f",VIS,VOS);

printf("\n\nPH2feed : %f atm\tPH2per : %f atm\tdP : %f atm",PH2feed,PH2per,dP);
printf("\n\nxH2 : %f \ttq : %f hr" xH2,tq);

getch();

while(dP>0)

{
xmolper = (-0.78 1*pow(dP,2)+26.63*dP+0.011) * (2*22/7*r*z) *tq;
velocity += VIS/tq/ArealS;

if(xmolper>xmolfeed)
{
printf{("\n\nlt has more thane Hydrogen in mol feed : %f" xmolper-xmolfeed);
7 xmolper=xmolfeed;
}
else
{

temp[ 1] = PH2feed;
temp[2] = xmolfeed-xmolper;

PH2feed = (xmolfeed-xmolper)*PH2feed/xmolfeed;
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/*

*/
/"
}

PH2per += xmolper*Ru*T/VOS;

tq= PH2feed/temp| 1]*xmolfeed/temp[2]*tq;

xmolfeed-= xmolper;

dP=pow(PH2feed,0.73)-pow(PH2per,0.73);

Summolper += xmolper;
count+t;

printf("\n\ndP : %f atm\t",dP);

¥
totalmol = totalmol-NH2-+xmolfeed;
PressMain = Pressother + PH2feed;

Q= xmolfeed* Ru*T/PressMain;

velocity = velocity/count;

QInt = velocity*AreaOS;

Areamemb = 2%22/7*r*(z*count);

lenghtmem = z*count;

printf("\n\n\nY ou have use Area of membrane seperation : %f m2" ,Areamemb);
printf("\nVolume flow rate inert gas sweep line : %f m3/hr",QInt);

printf{("\nPressure feed after seperation process : %f atm",PressMain);
printf("\nPressure Hydrogen of permeate : %f atm" ,PH2per);

printf{"\nmol Hydrogen in feed after seperation process in shell : %f mol",xmolfeed);

printf("\nmol Hydrogen in permeate seperation process in shell : %f mol",Summolper);

printf("\n\nHydrogen in feed after seperation process : %f mol/hr" ,xmolfeed*ratioup);
printf("\nHydrogen in permeate seperation process : %f mol/hr",.Summolper*ratioup);
printf("\nlenght tube : %.4f m. ", lenghtmem);
getch();

float commemb(float rpb)

{



float

float

float

float

float

float

float total

A* CO2 */

Ac02=5.457,
Bc02=1.045%0.001,
Cco2=0,
Dco2=-1.157*100000;

/* CO */

Aco=3.376,
Bco=0.557*0.001,
Cco=0,
Dco=-0.031*100000;

/* H20 */
Ah20=3.470,
Bh20=1.450%0.001,
Ch20=0,
Dh20=0.121*100000;

/* H2 */
Ah2=3.249,
Bh2=0.422%0.001,
Ch2=0,
Dh2=0.083*100000;

/* CH4 */
Ach4=1.702,
Bch4=9.081*0.001,

Cch4=-2.164%0.000001,

Dch4=0;

T2=823,
T1=460,
In7=log(rpb),

ans=0;
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yco =0.051 ,
yco2 =0.0384,
yh2o =0.033 ,
yh2 =0.1104,
ychd =4.40141%0.001;

clrser();

total = yco+yco2+yh2o+yh2+ych4;
yco = yco/total;

yco2 = yco2/total;

yh2o0 = yh2o/total;

yh2 = yh2/total;

ych4 = ychd/total;

In7 *= (yco+yco2+yh2o+yh2+ych4);

while(ans<=In7)
{
T1-=0.0001;
ans= yco*( Aco*log(T2/T1)+(Bco*T1 + (Ceo*pow(T1,2) + Deo/ pow((T2/T1),2) / (T1*T1) *
(T2/T1+1) / 2)) *(T2/T1-1))
+ yco2*( Aco2*log(T2/T1)+(Bco2*T1 + (Cco2*pow(T1,2) + Deo2/ pow((T2/T1),2) /
(T1*T1) * (T2/T1+1) / 2)) *(T2/T1-1))
+ yh20*( Ah20*log(T2/T1)+(Bh20*T1 + (Ch20*pow(T1,2) + Dh20/ pow((T2/T1),2) /
(T1*T1) * (T2/T1+1) / 2)) *(T2/T1-1))
+ ychd*( Ach4*1og(T2/T1)+(Bch4*T1 + (Cch4*pow(T1,2) + Dchd/ pow((T2/T 1),2)/
(T1*T1) * (T2/T1+1) / 2)) *(T2/T1-1))
+ yh2*( Ah2*log(T2/T1)+(Bh2*T1 + (Ch2*pow(T1,2) + Dh2/ pow((T2/T1),2) / (T1*T1) *
(T2/T1+1)/ 2)) *(T2/T1-1))
printf{("\n\nans : %f\T2 : %f",ans,T1);
b
printf("\n\n Temperature befor go to compressor of membrane seperation is : %f ", T1);
return(T1);

}
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Feed methane : 1000.000000 L/hr
Product line

H20 malar flowrate :28.76 mol/h
H20 malar flowrate : 68.80 mol/h
CO malar flowrate :24.55 mol/h
CH4 malar flowrate :16.36 mol/h
H2 malar flowrate :73.66 mol/h

Reactor size :

Catalysts NSAC :0.6 kg

sxixrerk s DATA Of Seperation Process * ¥ ¥ & k& ®k %k

Temperature befor go to compressor of membrane seperation is

Compressor use power

Total Pressure berfore go to seperation process
You have use Area of membrane seperation

Volume flow rate inert gas sweep line

Pressure feed after seperation process

Pressure Hydrogen of permeate

mol Hydrogen in feed after seperation process in shell

mol Hydrogen in permeate seperation process in shell

Hydrogen in feed after seperation process
Hydrogen in permeate seperation process

lenght tube

1 437.40K

1 690.29 watt

: 11.000000 atm

:6.76 m2

:5.20 m3/hr

1 7.944 atm

:0.763 atm

:0.01421 mol

: 0.056867 mol

:14.72 mol/hr
: 58.89 mol/hr

:5.38 m.
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Side of electrolyte (W:L:thic) cm. : (10.000000:10.000000:0.001000) cm.
Flux :0.00016369 mol/s.cm2

Current of Fuel Cell :42.063671 A.

Airea:cosection : 100.000000 cm2

Resistant : 0.000063 ohm

Voltage 1 0.750000 Volt.

Use sofc stach cell about : 75 single cell

Electic Power : 2367.89 Watt.

s kfdkdokkkkkkxkk AT Combustor ok sk 3k 3k 3k ok %k %k %k

Energy from combustor :1.934E7 J/mol
Compression ratio(rp) : 8.000000
Compress Feed mol air : 381.85 gmol/hr:
Temp 1:298.15K Pressurel : 1.000000 atm

Temp 2:533.23K Pressure2 : 8.000000 atm

Temp 3:2024.23K Pressure3 : 8.000000 atm

sk kR kR kkkRkx AT Turbine sk ok ok ok ok ok ok ok ok

Energy from turbine : 3464.69 W

sk ok sk ok sk ok 3k ok ok sk skook skokokskok ok Pinch 3k %k 3k sk 3k 5%k %k 3% %k %k % % % 2k ok ok %k ok 5k sk sk sk sk sk kok kk

Hot Feed edicate enrgy :630.1W.



e sk sk sk s sk ok ok ok oK ok ok ok skok sk ok ReSUIt 3k sk sk sk ok 3k sk %k sk 3k sk 3%k 3k ok 5k sk %k ok 3k 3%k 5%k sk sk ok sk k %k

Net Power of Plant :2873.65 W.

98



NMANUIN D.

o a v d&' a = Jd & d'd o
ﬂ]‘iﬂ'lu'lﬂﬁl’ﬂﬂﬂiZ’U'Juﬂ'liNﬁﬂ"lNﬂ'lﬂ'JEl!“lfﬁﬁ!‘if’él!WtN‘U‘l—!ﬂﬂi’)fﬂ“liﬂ!!‘lN NUNINAN

Yalastaualedtnmssnesuiisdeii mellsunsuuila (Maple)

99



100

° a 14 ¢ A a a ¢ o A a Y
mimmmmmmzmummaﬂ"lﬁﬁ1mﬂwaawammwman"lmmm ﬂumswnﬂ‘laimmuma

d T :’ @
F5msavlesuiiadni deldsunsumitla (Maple)

Input Data

> freshmethane = 1000:
> Treactor = 700
> TKreactor = Treactor + 273.15:

> PMSR :

I
—

> GHSV == 11600:

> R:=0.082:

> Troom = 298.15:

> Pmem = 11:

> rmem = 20:

> ASOFC = 10-10:
data for Cp

> CO2

> Aco2 = 5.457:

> Bco2 = 1.045%0.001:
> Cco2 =0

> Dco2 = -1.157*100000:
> CO

> Aco = 3.376:

> Bceo = 0.557*0.001:

> Cco =0:

> Dco = -0.031*100000:
> H20

> Ah2o

It

3.470:

> Bh2o = 1.450*0.001:



> Ch2o = 0:

> Dh2o0 = 0.121* 100000:

> Ah2 = 3.249:

> Bh2 = 0422*0.001:

> Ch2 =0:
> Dh2 = 0.083*100000:
> CH4

> Ach4 == 1.702:

> Bch4 = 9.081*0.001:

> Cch4 = — 2.164*%0.000001:
> Dch4 = 0:

> N2

> An2 = 3.280:

> Bn2 = 0.593*%0.001:

> Cn2 =0:

> Dn2 = 0.04*100000:

Methane Steam Reforming

__ freshmethane -32.7

7 MR = 25.1
> WMSR
1302.78884:
> NMSR = freshmethane -42.2
25.1
> NMSR
1681.274901

PMSR - freshmethane
R-Troom

> molmethane =

> molmethane
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40.9026394-
molWMSR = PMSR- WMSR .
R-Troom
molWMSR
53.2875024¢
moINMSR = PMSR-NMSR .
R-Troom
moINMSR
68.7685810:
VOLCAT = (freshmethane (;}{;I;MSR + NMSR) ;
VOLCAT
0.343453771
MassCAT = LEELL
MASSCAT
0.688284110

if TKreactor =773.15then CONV := 0.08 : elif TKreactor = 873.15
then CONV := 0.26: elif TKreactor =923.15then CONV
= (.45 : elif TKreactor =973.15then CONYV = 0.60:
elif TKreactor = 1023.15then CONV := 0.74 : elif TKreactor
=1073.15then CONYV = 0.89: end if

CONV :=0.60
HMSR = molmethane- CONV-3 :
HMSR

73.6247509:
COMSR = molmethane- CONV-1 :
COMSR

24.5415836t
exmethane = molmethane- (1 — CONV) :
exmethane

16.3610557!

exwater = molWMSR — (molmethane- CONV) :

exwater

287459187«
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> totalMSR = HMSR + COMSR + exmethane + exwater
+ molINMSR :

> totalMSR

212.041890.

fepH kJ/molK

(3249 + ((0.422:1073)-7) + ((0.083-16°)-772))-8.314
1000

kJ/molK

69.00620000

fepH :=0.02701218600+ 0.000003508508000 + 7

> fepch4
1

= oo (17024 ((9.081:107)-7) + ((~2.164-10°°)

.T))-8.314)

fepch4 :=0.01415042800+4 0.00007548144250

> MSRenergy = HMSR - (2706) + (HMSR-19.81 + COMSR -20.82
-+ exmethane - (int( fecpch4 , T=298.15..923.15) ) + exwater
-24.92) — molmethane - (int(fcpch4 , T=298.15..923.15))

— molWMSR-24.92

MSRenergy :=5489.4127%

> MSRenergy = SRRV 140

3600
MSRenergy :=1524.83688!
>
>
Compressor
> T1:=TI:
> TI
Tl

> 72 :=823.15:
> totalmols = ﬂ%g& .

> totalmols



v

0.0589005250:
frachMSR = —SBL.
fracHMSR

0.347217952%
fracCOMSR = %— :
fracCOMSR

0.115739317:
fracexmethane = %’%— :
fracexmethane

0.0771595450:
fracexwater = % :
fracexwater

0.135567168!
fracnitrogen = % ;
fracnitrogen

0.324316016t
LI

72

A = fracHMSR -Ah2 + fracCOMSR -Aco + fracexmethane - Ach4

+ fracexwater - Ah20 + fracnitrogen -An2 :

3.18434721

B := fracHMSR - Bh2 + fracCOMSR -Bco + fracexmethane - Bch4
+ fracexwater - Bh2o + fracnitrogen -Bn2:

0.00130057039

C = fracHMSR - Ch2 + fracCOMSR - Cco + fracexmethane - Cch4
+ fracexwater - Ch20 + fracnitrogen -Cn2 :
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~1.6697325551077

Dc := fracHMSR -Dh2 + fracCOMSR -Dco + fracexmethane - Dch4
+ fracexwater -Dh20 + fracnitrogen -Dn2 :

Dc
5460.74393
H2 = (%)-T!-(‘C +1):
H2
0.000650285198C77 (0.00121484541171 + 1)
H3 = (%)-T12~(1 +1(1+1)):
H3
-5.56577518310° 712 (1 + 0.00121484541171 (0.00121484541177
+1))
He = —2C .
(t-11%)
H4
4.49501136710°
42
s2=CT+ —26 .
(t-t-TI-TI)
S2
9
~1.66973255510°7 T1* + ﬂ—q-%gfﬂ
71
(t+1)
§3 = =t
2
S3
0.0006074227055T1 + %
S4 = _(.T_:__ll.:
In(1)
S4

0.00121484541171 — 1
In(0.00121484541171)

MCPS == A+ B-T] + §2-53-54 :
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> MCPS

1
3.184347218+ 0.0013005703967'1 + In(0.00121484541171) [[

9
~1.669732555107 712 + 10006860710 ]

Tt

(0.00060742270551’] + -;_—) (0.001214845411T1 — 1)]

72 Pmem
> . AL ) g A Y
MCPS ln( 71 ) ln( PMSR ) 0

1
(3.184347218—&— 0.001300570396I'1 + In(0.00121484541171) [[

9
- 1.669732555107 172 + 70006860710 ]

71t

(0.0006074227055T1 + —;-) (0.001214845411T1 — 1)})

ln(%]'ls-) — In(11) =0

> fsolve ( (36), T1 =400)

437.404506:
> T1 := 437.4045068:
> MCPH == A+ H2 + H3 + H4:
> MCPH

3.65432846;
> Cph = MCPH-8.314:
> Cph

30.3820868:
> WisentropicJ = Cph-(T2 — TI) :
> WisentropicJ
>
> WisentropicW = Cph-(T2 — TI)- [__tg_t;a)_é/\_olg_Rj :
> WisentropicW

690.299609:

> Membrane



20

xmolper = 0.

Summolper = 0 :

Ru = 82.06*0.000001:
z = 0.01:

count = 0:

velocity = 0:
xmolfeed = HMSR :
xmolfeed

73.6247509:

fracHMSR

0.347217952

xmolper == 0:
PH2per == 0:
PH2feed = fracHMSR - Pmem :

PH2feed

3.81939747¢
Pother = Pmem — PH2feed :

Pother

7.18060252.

~
Ii
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ArealS = %2— 52

ArealS

AreaOS = —232— *(RI — r)?:

AreaOS

0= (xmolfeed * Ru*T2)
’ PH2feed

Q

VIS = % *p2 g

IZ8

22

VOS = Z=* (Rl ~ r)2*z

VoS

temp3 = xmolfeed :

temp3
PH2feed - VIS
lfeed == —————
xmolfee Ru T
xmolfeed

o _ _temp3
t = :
ratioup xmolfeed

ratioup

tq == VIS/Q:

22
175

88
175

1.30208542:

0.00125714285

0.00502857142

73.6247509:

0.07108353121

1035.74976:
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> 1
0.000965484164
> dP = PH2feed*”® — PH2per® " :
> dp
2.65984448:

> temp?2 = xmolfeed :

>

while dP > 0 and temp2 > 0 do xmolper == (-0.781*dP* + 26.63
*dP + 0.011) * (2*-27—2 *r*z) *tq : velocity = velocity

+ Jﬁ 1templ = PHZ2feed :

temp2 = xmolfeed — xmolper :

PH2feed = (xmolfeed —xmolper) *%gj— ;

PH2per = PH2per + xmolper* Ru* VTOzS 11g = %{iji
* % *tq : xmolfeed = xmolfeed — xmolper : dP

= PH2feed o/ ¥ | PHZperO'73 : Sumimolper := Summolper
+ xmolper : count = count + 1 :0d

xmolper :=0.000792789251
velocity :=10.3574976!
templ :=3.81939747!
temp2 :=0.0702907419:
PH2feed =3.77680002
PH2per :=0.0106493623
tq :=0.000965484164
xmolfeed =0.0702907419.
dP :=2.60185293!
Summolper :=0.000792789251
count =1
xmolper :=0.000776937591
velocity :=20.7149953¢
templ =3.77680002
temp2 =0.0695138043
PH2feed :=3.73505430:
PH2per :=0.0210857938
tg :=0.000965484164
xmolfeed :=0.0695138043
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dP :=2.557063431
Summolper :=0.00156972684
count =2
xmolper =0.000764650998
velocity :=31.0724930:
templ :=3.73505430:
temp2 =0.0687491533
PH2feed =3.69396875.
PH2per :=0.0313571817!
tq :=0.000965484164
xmolfeed =0.0687491533
dP :=2.51593355:
Summolper =0.00233437784.
count =3
xmolper =1.390758015107
velocity :==5551.61890.
templ :=0.763897034!
temp2 :=0.0142168935:
PH2feed :=0.763889561:
PHZper :=0.763876979
tq :=0.000965484172
xmolfeed =0.0142168935.
dP :=0.000009878
Summolper :=0.0568666376
count =536
xmolper :=1.36705454710°
velocity :=5561.97639¢
templ =0.763889561!
temp2 :=0.0142167568.
PH2feed :=0.763882216¢
PHZ2per =0.763878815’
tq :=0.000965484172
xmolfeed =0.0142167568.
dP :=0.000002669
Summolper :=0.0568667743:
count =537
xmolper :=1.34375574310°
velocity :=5572.33389"
templ :=0.763882216:
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temp2 :=0.0142166224
PH2feed :=0.763874996
PH2per :=0.763880620’
tq :=0.000965484172
xmolfeed =0.0142166224
dP =-0.000004415
Summolper =0.0568669087

count =538
>

> totalmolretentate = total MSR — HMSR + xmolfeed :

> totalmolretentate

138.431355:
> Pretentate = Pother + PHZ2feed :
> Pretentate

7.94447751
> Q := xmolfeed * Ru* T2/ Pretentate :
>0

0.000120876418
> velocity = Yelocity
count

> velocity

10.3574979:
> Qlnertgas = velocity * AreaOS :
> Qlnertgas

5.20834182¢
> Amem = 2*—272—*1-* (z*count) :
> Amem

6.76342857.

> lenght = count -z :

> lenght

5.38
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"\n\n\nY ou have use Area of membrane seperation
: %fm2'
~_ "anVolume flow rate inert gas sweep line
: %fm3/hr' )
~ "nPressure feed after seperation process
: %f atm”
"\nPressure Hydrogen of permeate
: %f atm" .
printf ("\nmol Hydrogen in feed after seperation process in shell :
%f mol", xmolfeed );
printf ("nmol Hydrogen in permeate seperation process in shell
%f mol", Summolper);
printf ("\n\nHydrogen in feed after seperation process
: %f mol/hr'; xmolfeed * ratioup );
printf ("\nHydrogen in permeate seperation process
: %f mol/hr", Summolper * ratioup );
printf ("\nlenght tube
: %.4fm. ", lenght);

>

You have use Area of membrane seperation :16.763429 m2
Volume flow rate inert gas sweep line :5.208342 m3/hr
Pressure feed after seperation process : 7.944478 atm
Pressure Hydrogen of permeate : 0.763881 atm

mol Hydrogen in feed after seperation process in shell:
0.014217 mol

mol Hydrogen in permeate seperation process in shell: 0.056867
mol

Hydrogen in feed after seperation process: 14.724863 mol/hr

Hydrogen in permeate seperation process : 58.899888 mol/hr
lenght tube : 5.3800 m.
>

Solid Oxide Fuel Cell

(456 — a)

> =
0369 (a — 324.8)

_ _456—a
0369~ 2 3048

> solve( { (27) })

{a =420.636376%

> q = 420.62
a =420.62
a-1073-100
> IS ¢ e———
1 2-96485

> I == q-10-10-107" :



Hh = Summolper-ratioup :

_ _Hh .
Hs = Zg00 °

Hs |
JiI

numl =
V:=10.75:

IT :== numl -11 .
POW :=IT-V:

POW

Combustor

>

>

Tairin = 298.15:
Tairout = Tout :
Pairin = 1:

rp = 8:

Pairout := Pairin-rp :

air
Aair = 3.355:
Bair := 0.575E—-3:

Cair =0

Eair == -0.016E5:

Fch4 == 9.5238:

FH = 2.3809:

ra =12:

Mair = (xmolfeed -ratioup - FH) + (exmethane - Fch4) :

Mair

Mair = Mair-ra :

2367.89818:

190.877850:
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Mair

381.755700-

molair := Mair : mol/h

298.15 4

molair
381.755700-
molair
i = 98T mol/s
molsair 3600 -
molsair
0.106043250
. _Tairin
Tairout
T
298.15
Tout
Bair .
H2 :=(T)-Tazrout-(1+ 1):
H2
0.0002875000000T out (
Tout
H3 :=(—C—‘é’l)-raimm2~(1 +1(14+1)):
H3
0

O

(’C-Tairout )
H4

_ 5.366426295
Tout
S2 = Cair~Tairout2 + Eair :
(t-7- Tairout- Tairout)
S2
-0.0179990819"
(t+ 1)
3 =

S 2

S3

Y
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149.0750000 n 1
Tout 2
> 54 =L
ln(’t)
> 54
298.15 )
Tout
ln( 298.15 )
Tout

> MCPH = Aair + H2 + H3 + H4 :

> MCPH

3.355 4 0.00028750000007out (
Tout

> ICPH == MCPH-(T— T10) :

> ICPH

(3.355 + 0.00028750000007 out (
Tout

— 70)
> MCPS = Aair + (Bair- Tairout + S2-53)-54 :

> MCPS

3355+ —-———1—( (0.000575T0ut —

ln( 298.15 )
Tout

— 0.00899954099% [M = 1))
Tout

2.683213148
Tout

> ICPS := MCPS-In(1) :

> ICPS
5 L 2.683213148
[3-353+ ( 298.15) ((OA000575T0ut -
In| 22222
Tout
— 0.00899954099 [ 2012 —1)) 111( 298'15)
Tout Tout
>
>

> MCPS-]n( Tc‘m.'o.ut )—ln( Pan.'o.ut ) —0
Tairin Pairin

298.15 ) 5.366426295
==rt | |
Tout

298.15 ) 5.366426295
+1} - —
Tout

)

1
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1 2.683213148
[3.355 + ( 29815 ) ((0.000575T0ut Tout
In| ———
Tout
298.15
— 0.00899954099 Tout -1 In(0.003354016435Tout )

—3In(2)=0

fsolve ( (46), Tout = 298)

533.230971.
Tout = 533.2309712:
Tout

533.230971.
MCPH

3.58395804:
MCPH-8.314

29.7970272.

Wiscom2 = MCPH-8.314- (Tout — Tairin) : J/mol
Wiscom2

7004.71405¢

Wiscom2watt = Wiscom2-molsair :1/s

Wiscom2watt

742.802648:

Wiscom2
0.75

Wscom?2 =
energy
CH4

Ach4 == 1.702:

Bch4 = 9.081*%0.001 :

Cch4 =-2.164%0.000001:

Dch4 == 0:
H2
Ah2 = 3.249:

Bh2 = 0.422*0.001:



Ch2 =0:

Dh2 = 0.083*100000:
Ts = 823.15:

T0b = 298.15:

HOm = 890649:

HOh = 285830:
exmethane

16.3610557

Summolper

0.0568669087!

[Bch4-T0b- (
Hm = HOm + | 8.314- ] Ach4 +

2

[Cch4-T0b-T0b~(( T];gb )2 == ( TJ;b ) + 1)]
(Ts

3

9.11151170610°

Hml = Hm-exmethane :

Hml

1.49073951310’

Hh == HOh + 8314 [AhZ + (‘ .

Dh2
+ (Ts — TOb) :
[ ( Is )-TOb-TOb ]]

Hh

3.00914587010°

xmolfeed - ratioup

14.7248633!
Hhl = Hh-xmolfeed - ratioup :
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> Hhl

> Hcomb = Hhl + Hml :

> Hcomb

> comb

> INT:=1:

> Tc = Tout :

> Tl :=Tc:

> count = 0:

> Hcomb

while Hcomb > HO do T2 := T1 + INT: Cpl = 3.355+ (0.575
] :Cp2 = 3.355+ (0.575

*0.001%* 1) — (0.016* paoddg
71

*0.001%72) — [0.016*.1_@) .
12

*8314: HO = HO + Mair-Cp-(I2 — T1) : T1 = T2 : count

= count + 1 :0d;

4.43092618710°

1.93383213210’

1.933832132107

Gy o LCPL+Cp2)

2

T2 :=534.230971.
Cpl :=3.65598064:
Cp2 :=3.656576609:

Cp :=30.3983008
HO :=11604.7246:

T1:=534.23097L.

count =1

T2 :=535.230971.
Cpl :=3.65657669:
Cp2 =3.65717262«

Cp :=30.4032559.
H0 =23211.3405(

T1:=535.230971.

count =2
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Turbine for hotgas
Ta == 1911.4:

b == 313.15:

H20

Ah20 = 3.470:

Bh2o = 1.450*0.001 :

Ch2o =0

Dh2o 0.121*100000:

co

CO

Aco = 3.376:

Bco = 0.557*0.001:

Cco = 0:

Dco =-0.031%100000:

co2

Aco2 = 545T:

T2 :=2023.23097
Cpl =4.51739155:
Cp2 :=4.51796694"
Cp :=37.5599852(

HO :=1.93350720310’
T1 :=2023.23097

count =149C
T2 :=2024.23097
Cpl :=4.51796694
Cp2 :=4.51854232'
Cp :=37.5647690:

HO :=1.93494125910’
T1 :=2024.23097;

count =1491
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Bco2 = 1.045%0.001:
Cco2 ==10:

Dco2 == -1.157*100000:

N2

An2 = 3.280:

Bn2 = 0.593*0.001:
Cn2 ==0:

Dn2 = 0.04*100000:

water = 2-exmethane + exwater + 2-xmolfeed - ratioup :

water

90.9177570¢
COMSR

24.5415836¢
moINMSR

68.7685810:
CO2 = exmethane
CcOo2

16.3610557:

TAL := water + COMSR + moINMSR + CO2 : mol/h

TAL

200.588977¢
TALS == —3% :
TALS

0.0557191604.
FACW = L;/;% :
Facco = COLER

TAL
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= Loz .

FACCO2 = —== -
_ moINMSR
FACN = ===

AT = Ah20-FACW + Aco-FACCO + Aco2-FACCOZ2 + An2
-FACN :

BT := Bh20-FACW + Bco-FACCO + Bco2-FACCO2 + Bn2
-FACN :

CT = Ch20-FACW + Cco-FACCO + Cco2-FACCO2 + Cn2
-FACN :

ET := Dh20 -FACW + Dco -FACCO + Dco2 -FACCOZ2 + Dn2

-FACN :
1= 10 .
T Ta
H2 :=(%]-Ta-(’t(7’a, 7b) + 1) :
H3 = (%Z)~Ta2-(1+r-(1+r)):
H4 ==—ETT:
('I:-Ta‘)
§2 = Cr 1 + —2L — .
(t-1-Ta-Ta)
R CER)
83 =——
PPN Gl VI

In(7)
MCPH = AT+ H2 + H3 + H4 :
ICPH = MCPH-(Tb — Ta) :
MCPS = AT + (BT-Ta + S2-53)-54 :
ICPS = MCPS-In(7) :

MCPS-ln(—Tb—) — 8.3141n[ﬂ) -0
Ta 8

I
<

~8.037228254— 8.314 ln( % p)



> fsolve( (9),p=1)

> MCPH

> Wis :== MCPH-8.314-(Ta — Tb) : J/mol

> Wis

> WisWATT := Wis-TALS : J/s

> WisWAT1

>

Summary

> Totalenergy = POW + WisWATT — WisentropicW — Wiscom2watt

— MSRenergy :

> Totalenergy ,watt

3.04265772

4.67822185!

62163.5126

3463.69873t

2873.65
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