Alumno:

Integracion III Recuperatorio 07/12/2023

Problema 1 (Psicrometria):

Una corriente de 1000 [kg/hr] de aire hiimedo a 60 [2C], 1 [atm] con una humedad
relativa del 20 % se la satura con una corriente de 20 [kg/hr] de agua a 20 [2C] y 1 [atm]. Las
corrisntes de salida tienen una temperatura de 35 [2C].Calcular:

a) Cantidad de agua evaporada.

b) Humedad absoluta de la corriente de salida.
c) Flujos de salida

d) Cantidad de calor a entregar o retirar.

Datos:

logm(Ps): 8,07131—2;?7);%2:; con Psen [mmHg] y t en [2C]

Entalpia del aire humedo:
AH =0,24x ¢+ HAx (595 + 0,46 x t) En [kcal/Kg aire seco] y t en [2C]
Entalpia del agua liquida:
AH =1xt¢ En [keal/Kg] y t[°C]

EW) Entrada de Agua

Tew=20 [°C]

Pey=1 [atm

Fow= 20 [Kg/hr

ew™ 20 [Kg/hr] SA) Aire

Tsp=Tgw= 35 [°C]

—>  Pg,=1[atm]

_ Fsa= &7 [Kg/hr]

EA) Entrada de Aire

T_,=60 [°C] ———{Y Q) Calor

P..= 1 [atm] [keal/hr]

Fea= 1000 [Kg/hr]

HR=20 % SW) Salida de Agua
Tow=Tsa =35 [°C]
Pgy= 1 [atm]

Fow= &7 [Kg/hr]

Flowsheet



Resolucion:
Entrada EA:

Pea = 760 [mmHg]
HRea = 20 %

Tea = 60 [2C]

1730,63

PEAsat(GO) _ 10( ’ 7233,426+t) ~10

(8,07131— 173063

233,426+60] =149,04 [mmHg]

HRxP, 149,04x100

P \ap = = 29.81[mmH;
"T 100 100 [rm g
EA
HAmy, = — £ —0,04082 | <ol Agua
AT vap kmol Aire seco

M
HA,, = tma s prgm = 18056 04082 = 0,02555 | K& Agua_
4 kg Aireseco

Aire °

FAE =1000 [kg/hr]

E PAEy, 2981 [mmHg]
da o p 760 [mmHg |
X =1-0,0392 =0,9608

=0,0392

AH 45 = 0,24t ;. + HA,, x (595 + 0,46 x1,,) = 0,24 x 60 + 0,02555 x (595 + 0,46 x 60) = 30,31{

Aireseco

Fi  =F,x(-HA,.)=1000x(1-0,02555)=974,5 [ f
r

El flujo de energia:

FE ,, =974,5x30,31=2,954x10* {kCal}

7

Entrada EW:
FEW = 20 [kg/hr]
Pew = 760 [mmHg]

TEW =20 [QC]

kg Aireseco

|

kcal

kg Aire seco



AH s = Cpxt=1x20 =20 | <8l
kg Agua

El flujo de energia:

FE,, =20%20 = 400[1‘&‘1}

hr
Salida G)

Ps =760 [mmHg]

HRg = 100 %

Ts =35 [2C]

7131 1730,63 1730,63

G _ (8’ _233,426+t) _ [8’07131_233,426+35) _
P°(35) = 10 =10 = 42,07 [mmHg]|

Gvap - HR x Pmt _ 42,07 x 100 _ 42’07 [mmHg]
100 100
G
Him, = 0~ 0,05860 kmol Agua
P, — P kmol Aire seco

18’02 % 0,05860 = 0,03668 {kgAgua}

M
HA,, =" x HAm = :
kg Aireseco

Aire >

Fe = ¢? [kg/hr]

¢ _ PAE., 42,07 [mmHg]

X =
R 760 [mmHg |
X%, =1-0,0554 = 0,9446

=0,0554

AHG =0,24x1, + HA, x (595 + 0,46 x 1. ) = 0,24 x 35 + 0,03668 x (595 + 0,46 x 35) = 30,81{

FG
Aireseco

— 9745 {kg Alreseco}

7

El flujo de energia:

FE, =974,5x30,81 = 3,002 x 10* [kcal }

hr
Salida L:

kcal

kg Aire seco

|



F.=¢? [kg/hr]
P, =760 [mmHg]

T, =35 [2C]

AH . =Cpxt, =1x35=35 _ keal
kg Agua

El flujo de energia:

FE, =F,x35

Balance de materia para el agua:

FE  xHA, +F,, =F

Aire seco Aire seco

xHA; + F,

F, =F! XHA,+F,, —FC% . xHA,

Aire seco Aire seco

F, =974,5%0,02555+20-974,5%x0,03668 = 9,154 [Zg}
r

Balance global

F,+F,, =F.+F,

F.=F,+F, —F =1000+20-9,154=1011 {/}‘;ﬂ
r

Balance de energia:

FE,, +FE,, +Q=FE, + FE,
O=FE, + FE, - FE,, + FE,,

0 =9,154x35+3,002x10* —2,954x10* — 400 = 4,136 x 10’ [k;al}
r

a) La cantidad de agua evaporada: 20-9,145=10,85 [kg/hr].

b) La humedad absoluta a la salida es 0,0586 [kmol agua/kmol de aire seco] 0 0,03668 [kg
agua/kg aire seco].

c) Salen 9,154 [kg/hr] de agua en forma liquida y 1011 [kg/hr] de aire saturado a 35 [2C].

d) Se deben entregar 413,6 [kcal/hr].



E1
E1| Temperature 60| C
E1| Pressure 1] atm
E1| Mass Flow 1000 | kg/h
E1| Molar Fraction (Mixture) / Water |0.0394182
E1| Molar Fraction (Mixture) / Air 0.960582
EA
EA | Temperature 20(C
EA| Pressure 1|atm
EA | Mass Flow 20 [ kg/h
EA [ Molar Fraction (Mixture) / Water 1
SET-1
E1
Temperature 60.00 C
Pressure 1.000  atm
Mass Flow 1000 | kg/h
Comp Mole Frac (H20) 0.0394
Comp Mole Frac (Air) 0.9606
EA
Temperature 20.00 C
Pressure 1.000 atm
Mass Flow 20.00 | kg/h
Comp Mole Frac (H20) 1.0000

=
|aux

®

sped-002

S

E1l

SEP-004

ESTI‘&_-O'I ______ @

Q
|ESTR»01| Energy Flowl 43952 | keal/h |

G
G| Temperature 35|C
G| Pressure 1|atm
G| Mass Flow 1010.84 | kg/h
G| Molar Fraction (Mixture) / Water | 0.055636
G| Molar Fraction (Mixture) / Air 0.944364
L
L] Temperature 35]c
—p L| Pressure 1|atm
L| Mass Flow 9.15555 [ kg/h
L | Molar Fraction (Mixture) / Water | 0.999991

[HAm T0.0589137158087248 [kmol agua / kmol aire seco |

[HA_ [0.0366487253499518 [ kg agua / kg air

e seco |

dwsim
G
Temperature 35.00 C
Pressure 1.000 atm
aux1 Mass Flow 1011 | kg/h
Comp Mole Frac (H20) 0.0556
1 Comp Mole Frac (Air) 0.9444
V-100
RS
EA
L
Temperature 35.00 C
Q-100 Pressure 1.000 atm
Mass Flow 9.149 kg/h
Q-100 Comp Mole Frac (H20) 1.0000
Heat Flow 503.1 kcalh
SPRDSHT-1
B12: Humedad absolurta molar = 5.887e-002
SPRDSHT-1 B13: Humedad absoluta masica 3.663e-002

Hysys




GAMS

* Integracion Ill recuperatorio

* Problema 1: psicrometria
PARAMETERS

A /8.07131/

B /1730.63/

C /233.426/

rel /0.6259/

PEA /760/

tEA /60/

HREA /20/

FEA /1000/

tEW /20/

Cp/1/

FEW /20/

HRSA /100/

tSA /35/

PSA /760/

POSITIVE VARIABLES
PSEA, PVEA , HAMEA, HAEA, FAS, DHEA, FEEA
DHEW, FEEW
PSSA, PVSA , HAmSA, HASA, DHSA, FESA, FSA
FSW, FEvap, tSW, DHSW, FESW
Q;

EQUATIONS

R1,R2,R3,R4, R5, R6, R7

R8, R9

R10, R11, R12, R13, R14, R15, R16
R17, R18, R19, R20, R21

R22;

R1.. loglO(PSEA)=E= A-B/(tEA+C);

R2.. HREA =E= PVEA/PSEA*100;

R3.. HAmEA =E= PVEA/(PEA-PVEA);

R4.. HAEA =E=rel*HAmEA;

RS.. FAS =E= FEA*(1-HAEA);

R6.. DHEA =E= 0.24*tEA+HAEA*(595+0.46*tEA);
R7.. FEEA =E= FAS*DHEA;

RS.. DHEW =E= Cp*tEW;

R9.. FEEW =E= FEW*DHEW;

R10.. logl0(PSSA)=E= A-B/(tSA+C);

R11.. HRSA =E= PVSA/PSSA*100;

R12.. HAmSA =E= PVSA/(PSA-PVSA);

R13.. HASA =E=rel*HAmSA;

R14.. DHSA =E= 0.24*tSA+HASA*(595+0.46*tSA);
R15.. FESA =E= FAS*DHSA;




R16..
R17..
R18..
R19..
R20..
R21..
R22..

PSEA.I=30;
PSSA.I=30;

MODEL BM /ALL/;
SOLVE BM USING CNS;

FSA =E= FAS*(1+HASA);
FSW =e= FAS*(HAEA-HASA)+FEW;
FEvap =E= FEW-FSW;
tSW =E= tSA;

DHSW =E= Cp*tSW;
FESW =E= FSW*DHSW;
FEEA+FEEW+Q =E=FESA+FESW;

Resultados:

VAR LOWER LEVEL UPPER
PSEA 149.038 =+INF
PVEA 29.808 =+INF
HAmMEA 0.041 =+INF
HAEA 0.026 =+INF
FAS 974.45 =+INF
DHEA 30.308 =+INF
FEEA 29533.245 =+INF
DHEW 20 =+INF
FEEW 400 =+INF
PSSA 42.071 =+INF
PVSA 42.071 =+INF
HAmMSA 0.059 =+INF
HASA 0.037 =+INF
DHSA 30.814 =+INF
FESA 30026.701 =+INF
FSA 1010.191 =+INF
FSW 9.156 =+INF
FEvap 10.844 =+INF
tSw 35 =+INF
DHSW 35 =+INF
FESW 320.477 =+INF
Q 413.933 =+INF
Agua Evap 10.844




Alumno:

Integraci(')n 11 Recuperatorio 06/12/2022

Problema 2: (Termoquimica):

Se obtiene benceno de la hidrogenacion del tolueno. Para ello ingresa una corriente del
100 [kmol/hr] al 50 % en moles de tolueno e hidrégeno con una temperatura de 350 [°C] y 50
[atm] de presion. La conversion por paso es del 60 % vy la global del 100 %. El reactor es
adiabatico. De los productos se separan el tolueno y el hidrégeno de los productos y se reciclan.
Calcular

a) Flujo de la recirculacion.
b) Temperatura a que hay que calentar los reactantes para que la salida del reaactor tenga

600 [°C].
CoH SCH 3,y + Hyyy © CoHgy) + CH oy
— | kcal
AH ; , T [°K]
Comp kmol
axT b
Tolueno 5,946E+01 | -1,533E+04
Hidrogeno | 7,102E+00 | -2,178E+03
Benceno 4,637E+01 | -7,630E+02
Metano 1,465E+01 | -2,370E+04
P)
Producto
To=[C]
Fp= [kmol/hr]
F) Reactor Benceno+Metano
Entrada fresca Conv =60 %
Te =350 [°C] —
PF =50 [atm]

F\= 100 [kmol/hr]

<

xTol =50 % |
xH2 =50 % 'y Reactor
R) Entrada
_ Te=¢?[°C]
Reciclo Fe= [kmol/hr] »
T, =350[°C] »
Fr=¢? [kmol/hr] S)
Tolueno+Hidrégeno Salida reactor
T4 =600 [°C]
F=¢7?
Tolueno+Hidrégeno
+Benceno+Metano
Flowsheet



Resolucion:

CﬁHSCH3(g) + Hz(g) > C6H6(g)+CH4(g)
Corriente: F
Fe = 100 [kmol/hr]

Te =350 [2C] = 623,15 [°K]

P: =50 [atm]
x" 1 = 0,500
xF w2 =0,500
x" gen = 0,000
x" v = 0,000
Corriente: R

Conversion por paso = 60 %
Conversion global = 100 %

De los 50 [kmoles/hr] que entran de la alimentacién neta todos reaccionan y sdlo sale del sistema
el 50 % del reciclo (el otro 50 % es del H, sin reaccionar):

conv =&x100 =wx100 =60
(100 + R)x0,5

0.5x100 __ o
(100 + R)x 0,5
M:(100+R)xo,5

0,60
83,3=50+Rx0,5
g 833750 _ (o o[ kmol

0,5 hr

Fr = 66,66 [kmol/hr]

Ts = 350 [2C] = 623,15 [2K]



Pz =50 [atm]

x®7r = 0,500
x®2 =0,500
x%gen = 0,000
x® v = 0,000

Corriente: M

Fm = Fe+Fr =100 + 66,66= 166,66 [kmol/hr]
Twm =350 [9C] = 623,15 [9K]

Pm =50 [atm]

xM 7o = 0,500
x" 12 =0,500
xM pen = 0,000
x™ e = 0,000

Fe = Fy= 166,66 [kmol/hr]
Tm=é?[2C] = ¢é? [9K]
Pw = 50 [atm]

xM 7o = 0,500
x" 12 =0,500
xM gen = 0,000
x™ v = 0,000

- NC
AHe =3 AH'xx*: =0,500x (59,46 x T, -1,533x10*)+0,500x (7,102 x T, -2,178 x10* )+

i=1

0,000 x (46,37 x T, - 7,630 x10 )+ 0,000 x (14,65 x T, -2,370x10*)

S NC
AH:p =Y AH ixx*i =3328xT, -8751,8

i=l1

FE, = FM, x AH e = (33,28 T, -8751,8)x| <% | 166,66 | K0!
kmol hr
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FE, =(5,547x10° x T, -1,459x106)x[k§al}
r

Reaccion:

Comp Entra Rx Sale
Tolueno | 0,5*%(100+R) | -0,6*0,5*(R+100) | 20+0,2*R
Hidrogeno | 0,5*(100+R) | -0,6*0,5*(R+100) | 20+0,2*R

Benceno 0 0,6*0,5*(R+100) | 30+0,3*R
Metano 0 0,6*0,5*(R+100) | 30+0,3*R
Entra Rx Sale xi
Tolueno 83,33 -50,00 33,33 0,200
Hidrogeno 83,33 -50,00 33,33 0,200
Benceno 0,00 50,00 50,00 0,300
Metano 0,00 50,00 50,00 0,300
Total 166,67 1,000

- NC
AHs =Y AH' i xx* = 0,200 x (59,46 x Ty -1,533 x10* )+ 0,200 x (7,102 x T - 2,178 x 10° )+

i=1
0,300 x (46,37 x Ty - 7,630 x 10 )+ 0,300 x (14,65 x T, - 2,370 x10* )
AH s = 0,200 x (59,46 x 873,15 -1,533 x10* )+ 0,200 x (7,102 x 873,15 - 2,178 x 10° )+
0,300 x (46,37 x 873,15 - 7,630 x 107 )+ 0,300 x (14,65 x 873,15 - 2,370 x 10*)

AHs = 1,677 x10* {M}
kmol

FE; = FM g x AHs = (1,677 x10* )x [ngﬂ x 166,66 {k’]’:l} =2,794x10° [%}
Fs = 166,67 [kmol/hr]

Ts = 600 [°C] = 873,15 [°K]

Ps =50 [atm]

Balance de energia:

FE, = FE,

11



5,547 x10° x T, -1,459 x10° = 2,794 x 10°

T

2,794 x10° +1,459 x10°
5,547 x10°

Soluciones:

=766,7[°K ]|=493,6 [°C]

a) Elreciclo es de 66,66 [kmol/hr] de 50 % de tolueno y 50 % de Hidrégeno.
b) La entrada del reactor tiene una temperatura de 766,7 [°K] 0 493,6 [°C]

®

REC-014

dwsim

s P
Temperature 6000 C P
F Pressure 50.00 | atm Temperature 7554 C
Molar Flow 166.7 kgmole/h
Pressure 50.00  atm
Temperature 3500 C
Prespszre 5000 atm Molar Flow 100.0  kgmele/h
Molar Flow 100.0  kgmole/ Comp Molar Flow (Benzene) 50.0000 kgmole/h
ADJ-1
Comp Molar Flow (Toluene)  50.0000 kgmale/h Comp Molar Flow (Methane) 50.0000 | kgmole/h
Comp Molar Flow (Hydrogen) 50.0000 kgmole/h
X-100
ji;,—m CRV-100
:F : ; —_ —_ CRV-100 Act. % Conversion (Act. % Conversion_1) 60.00
M E
R2 wix-100 E-100 R
M Temperature 3500 C
T at 001G E Pressure 50.00 | atm
Smperalure - Molar Flow 66.67  kgmolefh
Pressure 50.00 | atm Temperature | 4897 C
Comp Molar Flow (Toluene) = 33.3333 | kgmole/h
Molar Flow 166.7 | kgmole/h Pressure 5000 | aim Comp Molar Flow (Hydrogen) 33.3333 | kgmolefh
Comp Molar Flow (Toluene) | 83.3333  kgmole/h Molar Flow | 166.7 | kgmole/h P vered : g
Comp Molar Flow (Hydrogen) 83.3333  kgmole/h
RCY-1 R
Hysys
F E s P
F| Temperature Sl E|T 488511 | € s s00]c P[Temperature 500
F| Pressure i E| Pressure Ljatm 5| Pressure 1[atm P | Pressure 1|atm
F| Molar Flow 100 | kmol/h E| Molar Flow | 166,667 | kmol/h S| Molar Flow | 166,667 | kmol/h | Molar Flow 100 [ kmol/h
F| Molar Flow (Mixture) / Toluene 50| kmol/h P| Molar Flow (Mixture) / Benzene | 50|kmol/h
F| Molar Flow (Mixture) / Hydrogen | 50 | kmol/h o [Wiatar Flow (Mixtare) / Methams |50 [mel/h
s
1>
F = cshio R[ Temperature 600[c
MIX-001 ™M HEaT-003 E R|Pressure 1| atm
RC-006 R|Molar Flow 66,6667 | kmol/h
R2 Purga ESTR-013 R|Molar Flow (Mixture) / Toluene | 33,3333 | kmol/h
R|Molar Flow (Mixture) / Hydrogen | 33,3333 | kmol/h
ESTR-005 ESTR-009
™ [ Conv: Extent ] 60]
M| Temperature 455373 | ¢
M| Pressure 1]atm
M| Molar Flow 166,667 | kmol/h
M| Molar Flow (Mixture) / Toluene | 83,3333 | kmol/h
M| Molar Flow (Mixture) / Hydrogen | 83,3333 | kmol/h
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Codigo EMSO

#* Termoquimica *#

using "types";
FlowSheet Prob2
PARAMETERS

PP as Plugin(Brief="FQ",

Type="PP",

Components=["acetylene

,"water",

LiquidModel="IdealLiquid",
VapourModel="Ideal" );

rx(3) as Real;

PE as pressure;

TE as temperature;
FE as flow_mass;
PS as pressure;

TS as temperature;

VARIABLES
FmE as flow_mol;
HE as enth_mol;
xE(3) as fraction;
M(3) as molweight;
PME as molweight;
FmS as flow_mol;
HS as enth_mol;
xS(3) as fraction;
PMS as molweight;
FS as flow_mass;
conv as Real;
n as flow_mol;
Q as heat_rate;
HF(3) as enth_mol;

EQUATIONS

# coefi esteq
# Presion de entrada

# Temperatura de entrada

# Flujo masico entrada
# Presidn de salida
# Temperatura salida

# Flujo molar entrada

# entalpia molar entrada
# fracc molar de entrada
#pesos molares comp

# peso molar entrada

# Flujo molar salida

# entalpia molar salida
# fracc molar salida

# peso molar salida

# Flujo masico salida

# conversion

# moles que reaccionan
# calor extraido

# Calores de formacion

M=PP.MolecularWeight;

xE(1)=0.5;
xE(2)=0.5;
sum(xE)=1;

HE=PP.VapourEnthalpy(TE,PE,xE)+sum(xE*HF);

FmE=FE/PME;
PME=sum(xE*M);

HS=PP.VapourEnthalpy(TS,PS,xS)+sum(xS*HF);

FmS=FS/PMS;
PMS=sum(xS*M);

acetaldehyde"],
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FME*XE+rx*n=FmS*xS;
conv=(FmE*xE(1)-FmS*xS(1))/(FmE*xE(1))*100;
FmE*HE=FmMS*HS+Q;

sum(xS)=1;
HF=PP.IdealGasEnthalpyOfFormationAt25C;

Q=1163*'kW";

SET
TE=373.15;
FE=2000 *'kg/h';
rx(1)=-1;
rx(2)=-1;
rx(3)=1;
PE=1*'atm';
PS=1*'atm’;
TS=773.15;

INITIAL
GUESS

OPTIONS
TimeStart=373;
TimeEnd=390;
TimeStep=0.1;
TimeUnit="K";
DAESolver(File="dassl");
Dynamic=false;

end

Variable Unidad | Valor Unidad Valor

rx(1) -1,0000

rx(2) -1,0000

rx(3) 1,0000

PE ‘atm’ 1,0000

TE 'K’ 373,1500 | *C' 100
FE 'kg/h’ 2000,0000

PS ‘atm’ 1,0000

TS 'K’ 873,1500 | *°C’ 600
FmE 'kmol/h’ 90,7997

HE 'kJ/kmol' | -4,608E+03 | 'kcal/kmol’ -1,101E+03
xE(1) 0,5000

xE(2) 0,5000

xE(3) 0,0000
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Variable Unidad | Valor Unidad Valor

M(1) 'kg/kmol’ 26,0378

M(2) 'kg/kmol’ 18,0152

M(3) 'kg/kmol’ 44,0530

PME 'kg/kmol’ 22,0265

FmS 'kmol/h’ 52,2464

HS 'kJ/kmol' | -8,815E+04 | 'kcal/kmol’ -2,105E+04
xS(1) 0,131043

xS(2) 0,131043

xS(3) 0,737913

PMS 'kg/kmol’ 38,2801

FS 'kg/h’ 2000

conv % 84,92

n 'kmol/h’ 38,5533

Q kW' 1163 | 'kcal/hr' 1,000E+06
HF(1) 'kJ/kmol' | 2,269E+05 | 'kcal/kmol’ 5,419E+04
HF(2) 'kJ/kmol' | -2,420E+05 | 'kcal/kmol’ -5,780E+04
HF(3) 'kJ/kmol' | -1,644E+05 | 'kcal/kmol’ -3,927E+04
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Alumno:

Integracion III Recuperatorio 07/12/2020

Problema 3 (Entalpia-composicion):
Se disuelven 100 [kg] de cristales de CaCl,.2 H,0 de 0 [2F] con agua pura a 120 [2F].
Calcular:

a. La cantidad de agua necesaria para hacer una solucién al 20 % p/p.
Temperatura de la mezcla.
Cantidad de calor a entregar para llevar a la mezcla a su punto normal de
ebullicion (temperatura aproximada del mismo).

A)
F,=¢? [kglhr]
T, =120 [°F]
P, =1 [atm]
H20 /?»
AANAAA] Calor)
Q = 4? [kCal/hr]
C)
F. =100 [kg/hr]
T, =0 [°F]
P, =1 [atm]
CaCl,. 2 H,0 - i B)
Fe = ¢? [kg/hr]
Te=¢?[°Cl
P =1 [atm]
xe = 20 % (CaCl,)

16



Entalpia, Btu por libra del sistema

TR T
AN
N

ort
o5t
[

oct

8

Cafl,2H,0

=200
\CaC1, 41,0
140" F
. X.CaCl, 6H,0
Solido -
i o 20 40 60, & 19

Porcentaje de cloruro cilcico



Resolucion:

Entrada C:

Fc = 100 [kg/hr] = 220,5 [Ib/hr]
Pac =1 [atm]

Tac =-17,77 [2C] = 0 [2F]

xo = Mace I _ 755
C s
MCaC12.2H20 147

AH 4c =-76,11 [BTU} =-4224 {kcal}
b kg

Entrada A:

Fa=¢? [kg/hr]

Pr=1 [atm]

T, = 48,89 [2C] = 120 [2F]

Xa=0,00
AH 4+ =87,61 51U =48,62 keal
b kg

BM global) F.+F,=F,

BM CaCl) Foxx.+F,xx,=F, xx,

BE adiab) F.xAHc+F,xAH1=F, x AHu

BE) F.xAHc+F,xAH1++Q=F, xAHy
F,=F.+F,
F,, =100 + F,

Foxx.+F,xx,=F, xx,,
F.xx.+F,xx,=(100+F,)xx,
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Foxx.+F,;xx,=100xx, +F, xx,,

F.xx.—100xx, = F,xx, —F,xx,=F,x(x, —x,)

F, Fexx,=100xx, 100x0,755 ~100 x 0,20 _ 2775 [kg}

(x,, —x,) 0,20 — 0,00 r

F, =100 +277,5=3775 [’;ﬂ —F,
r

a) Se requieren 277,5 [kg/hr] de agua 0 611,8 [lb/hr].

b) Segun el diagrama la temperatura de la mezcla adibatica es de 140 [2F] = 60,0 [2C].

Salida E:

Fe = 377,58 [kg/hr] = 832,2 [Ib/hr]

Pe =1 [atm]

Te=106,0 [2C] =223 [9F] (interpolando del diagrama entre 220y 230 9F)

Xa=0,755

AH 4 =1053 [BTU} =58,45 {kcal}

b kg

F.xAHc+F,xAH1+Q=F,xAH
Q=F,xAHr—F.xAHc —F,xAH 4

keal

r

0 =377,5x 58,45 —100 x (— 42,24) - 277,5x 48,60 = 1,280 x 10" [

} =5,360x10* [BTU}

7

Soluciones:

a) Serequieren 277,5 [kg/hr] de agua o0 611,8 [Ib/hr].

b) Segun el diagrama la temperatura de la mezcla adibatica es de 140 [2F] = 60,0 [2C].

c) Se debe entregar 1,280x10° [kcal/hr] o 5,360x10" [BTU/hr] para llevar la solucién al
punto de ebullicion (223 [2F] 0 106,6 [2C]).
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Codigo EMSO:

#* Balance *#
using "types";
FlowSheet nombre
PARAMETERS

VARIABLES
# Corriente de agua 0 % 48,89 C
FA as Real;
wA as Real;
HA as Real;
# Corriente cristales de CaCl2-2 H20 75,5 % -17,77 C
FC as Real;
wC as Real;
HC as Real;
# Corriente salida 106,0 C
FE as Real;
wE as Real;
HE as Real;
# Corriente de calor
Q as Real;

EQUATIONS

wA=0.0;

HA=48.62;

wC=0.755;

FC= 100;

HC=-42.24;

wE=0.20;

HE=58.45;

FE=FA+FC;
FE*WE=FA*wWA+FC*wC;
FE*HE =FA*HA+FC*HC+Q;

SET

INITIAL

GUESS
OPTIONS
TimeStart=0;
TimeEnd=100;
TimeStep=1;
TimeUnit="'h";
DAESolver(File="dassl");
Dynamic=false;
end
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Resultados

Variable Unidad 0
FA kg/hr 277.5
wA 0
HA kcal/kg 48.62
FC kg/hr 100
wC 0.755
HC kcal/kg -42.24
FE kg/hr 377.5
wE 0.2
HE kcal/kg 58.45

Q kcal/hr 1.280E+04

Codigo GAMS:

* Integracion Ill
* Examen Recuperatorio n? 2 06/12/2022
* Problema 3

VARIABLES
FA, FE, Q;

PARAMETERS
wA /0.0/

wC /0.755/
we /0.20/

FC /100/

HA /48.62/
HC /-42.24/
HE /58.45/

EQUATIONS
R1,R2, R3;

R1.. FA + FC =E=FE;
R2.. FA*wA+FC*wC =E= FE*WE;
R3.. FA*HA+FC*HC+Q =E= FE*HE;

MODEL BM /ALL/;
SOLVE BM USING CNS;
display FA.l, Q.l, FE.I;
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Resultados:

Ipia, Btu por libra del sistema

Enta

VARIABLE | Unidades Valor
FA.l Kg/hr 277.5
Q.l Kcal/hr 1,280x10"
FE.L Kg/hr 377.5

Cafl,-2H,0

Meserait,0
L
e X.CaCl, 6H, 0
Sélido |
0 40 60 80

Porcentaje de cloruro cilcico
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