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SYSTEMES DE CAPTURE ET DE STOCKAGE DIRECT DU CARBONE

aujourd’hui i . 1800
énergie

Yn2 78.0840%
Y6z | 120.9460%

VN2 78.0887%
Yoz | _ [20.9473% 1=vco2
« k — 1 _ e ' ]/k
Ycoz

Yar | ] 0.9341%
Yco2 0.0300%

vé- | | 0.9340%
Yéoz

0.0360% SYSTEME DE CAPTURE ET

STOCKAGE DU CARBONE
Z(l _;:_Z)Q.k _ <W_P0d;/zc) +Zmexe _stxs _Xdest Z%
:> w = RT, z Vi - [ln()/e,k) — 1H(Vk)]
k




YN2 78.0840% Yn2 78.0887%

Yoz | _ |20.9460% _ : : _ Yoz | _ [20.9473%
ve. | = | 0.9340% w = RTg § Yk [ln(ye,k) ln(yk)] var | = | 0.9341%
k

véo,] 10.0360% Ycozl  10.0300%

w = 8.314(25 + 273.15)(0.780887[In( 0.780887) — In( 0.780840)] + 0.209473[In( 0.209473) — In( 0.209460)] ...

U”iversa't t ...0.009341[In( 0.009341) — In( 0.009340)] + 0.000300[In( 0.000300) — In( 0.000360)])
gas constan

Wmin = —0.01563 Joules /mol

molar mas of total mas of
atmospheric air earth’s atmosphere

Joules 1mol
mol 28.97g

Winin = —0.01563 - 5.1480 x 10'8kg = —2.777 x 10 kJoules

Wivorld = 96 X 1015 kjoules world's elgctricity
consumption

Wain = 11 days of power generation !



Mohvogao qual & o menor d|spend|o e
exerglo pAra promover o separagdo de |

COmDOnen’reS de%ma mistura Cie

Attention to [ S o ++

Filler Words




Separacdo de um sdlido dissolvido em um liquido




Separacdo de um sdlido dissolvido em um liquido

Sistema de
Evaporacdo em
multiestagios
concentradores
de caldo

Tratamento de caldo na usina Ouroeste, da Bunge
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Evaporacdo de um liguido a baixa temperatura...
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Evaporacdo de um liguido a baixa temperatura...

A
Temperatura
|:)me

/,

/

/

/

Tevop —
. | “ Tamp |0
‘ Ah
> Entropia
{9 (UK
¥ 1: water: W/L sat. p=0,1to 1, bar EI@

Liguid | “apor Licquict “apor Ligquid “apar Liguid | “apor | Liguid | “apor
Temperature | Pressure| Density | Density | YWolume | YWolume |Int. Energy|Int. Enercy| Enthalpy | Enthalpy| Entropy | Enfropy
) (har) | tkofm®) | (kofm®) | (mPke) | (m3d) | (kdiko) | (edfkg) | (edikad | (ediko) | ki) | (kdflegK)
1 45,506 010000 | 989.83 | 0.068166| 0,0010103 | 14,670 191.80 24372 191,81 | 25839 | 0.64920 [ 51488
2 60,058 020000 | 98313 | 0.,13075 | 0,0010172 | 76450 251.40 2456.0 251,42 | 26089 | 0,63202 [ 79072
B £5.095 030000 | 978.2% | 09126 | 00010222 | 52284 289,24 2467.7 289,27 | 26245 | 094407 [ 77675
4 75,857 0,40000 | 974,30 | 0,25044 | 0,0010264 | 3,9930 31758 2476.3 317,62 | 26361 | 1.0261 | 76690
5 81,317 050000 | 970,94 | 0.30864 | 0,00102599 | 3.2400 340.49 24832 34054 | 26452 | 1.0812 | 7.5930
b 85,926 060000 | 967,93 | 0.36607 | 0,0010331 | 27317 359.84 2489.0 358,91 | 26529 | 11454 | 75311
! 84,932 070000 | 965,34 | 0.42287 | 0.0010359 | 23648 376.68 2493.9 376,75 | 26594 | 11821 [ 74790
8 93,486 0,80000 | 962,93 | 047974 | 0,0010385 | 20871 391.63 24498.2 391,71 | 26B5,2 | 1.2330 | 7.4339
9 96,687 0,90000 | 960,70 | 0.53494 | 0,0010409 | 1.8694 405,10 2502.1 405,20 | 2670.3 | 1.2696 | 7.3943
10 99,606 1.0000 | 958,63 | 0.59034 | 00010432 | 1,6939 417.40 2505.6 417,50 | 26749 | 1.3028 [ 7.3588




Evaporacdo de um liguido a baixa temperatura...

L A

Temperatura

Tevop

Tevc1|o
Tomb
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|:)me
/ Pomb_AP
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/ Ah
> Entropia
1: water: W/L sat. p=0,1to 1, bar EI@
Liguid | “apor Licquict “apor Ligquid “apar Liguid | “apor | Liguid | “apor
Temperature | Pressure| Density | Density | YWolume | YWolume |Int. Energy|Int. Enercy| Enthalpy | Enthalpy| Entropy | Enfropy
) (har) | tkofm®) | (kofm®) | (mPke) | (m3d) | (kdiko) | (edfkg) | (edikad | (ediko) | ki) | (kdflegK)
1 45,506 010000 | 989.83 | 0.068166| 0,0010103 | 14,670 191.80 24372 191.817 | 26839 | 0.64920 | 8.1488
2 60,058 020000 | 98313 | 0.,13075 | 0,0010172 | 76450 251.40 2456.0 251,42 | 26089 | 0,63202 [ 79072
B £5.095 030000 | 978.2% | 09126 | 00010222 | 52284 289,24 2467.7 289,27 | 26245 | 094407 [ 77675
4 75,857 0,40000 | 974,30 | 025044 | 0,0010264 | 3,9930 31758 2476.3 317,62 | 26361 | 1.0261 | 76690
5 81,317 050000 | 970,94 | 0.30864 | 0,00102599 | 3.2400 340.49 24832 34054 | 26452 | 1.0812 | 7.5930
b 85,926 060000 | 967,93 | 0.36607 | 0,0010331 | 27317 359.84 2489.0 358,91 | 26529 | 11454 | 75311
! 84,932 070000 | 965,34 | 0.42287 | 0.0010359 | 23648 376.68 2493.9 376,75 | 26594 | 11821 [ 74790
8 93,486 0,80000 | 96293 | 047914 | 0,0010385 | 20871 391.63 24498.2 391,71 | 26B5,2 | 1.2330 | 7.4339
9 96,687 0,90000 | 960,70 | 0.53494 | 0,0010409 | 1.8694 405,10 2502.1 405,20 | 2670.3 | 1.2696 | 7.3943
10 99,606 1.0000 | 958,63 | 0.59034 | 00010432 | 1,6939 417.40 2505.6 417,50 | 26749 | 1.3028 [ 7.3588




Sistema de Evaporacdo em Multiestdgios (T4) — concentradores de caldo

\-

vapor u

exergia

B>
-

Brix 60°

S
Brix 15°

I I exergia

Um grau Brix (1°Bx) =1g de agucar por 100 g de solugéo




Sistema de Evaporacdo em Multiestdgios (T4) — concentradores de caldo

exergia _
recompressdo de vapor
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Sistema de Evaporacdo em Multiestdgios (T4) — concentradores de caldo

e

recompressdo de vapor

caldo

W

xarope

I I condensado




Sistema de Evaporacdo em Multiestagios (T4) — dessalinizacdo solar

\ recompressdo de vapor

qy dig;aar =

salmoura

I I > agua doce




Sistema de Evaporacdo em Multiestdgios (T4) — concentradores de caldo

Remocgdo da dgua do caldo para aumentar a concentragao (15° para 40° aprox.)

> Myop Concentra¢cdo na entrada
C — Insol
) +
Insol Inliq
Miq MigMyap Concentragdo na saida
+ +
m | m |
SO e C _ mSOl
=

msol + (mliq B mvap)

Temperatura de ebuligao:

a presenca de solidos 2 . C C=60%
dissolvidos produz aumento > ATebuligﬁo i J
na temperatura de ebulicdo 1 OO% _ C AT=3




Principio de funcionamento dos evaporadores sem recompressdo de vapor
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Principio de funcionamento dos evaporadores sem recompressdo de vapor

m, @

c
my, Mmy3 @ m, 4 @ Mys

Py, Ty

Qo

em®
m

caldo

xarope

Brix 15° Brix 60°

1,7bar, 115°C
Brix 15°

1,2bar, 105°C

0,8bar, 95°C

0,5bar, 80°C Brix 60°

0,2bar, 50°C
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Principio de funcionamento dos evaporadores sem recompressdo de vapor

steam > i
m

st

condenser >

v

)
clarified juice

Syrup

Tsat @ Py

v

condensate >

vazao mdssica de vaporiza¢dao vaporiza¢ao por
vapor produzida no devido ao + absorgcao de
modulo flasheamento calor



Principio de funcionamento dos evaporadores sem recompressdo de vapor

inv. massa - mjo = my; +my,

Vv

19 Lei » m1’0h1,0 + msthst — mv’th’:l — m]’]_h],]_ - msth],sat =0

(1) (2) (3) (4) (5)

mj ghy o + mgthge — my 1hy 1 — (Mg — my 1)hy; —mghy g =0

(5) my o (hyo—hy 1) + mg(hge—hy o) My 1hy; —my 1 (hyyg —hy7) =0
Tsat @ Py
m —m <hl,0 - hl,l) +m (hst - hl,sat)
v,1 — M0 st
hv,l - hl,l hv,l - hl,l

( Y J L v J

Flasheamento Evaporacdo devido ao

devido a expansdo calor liberado pela
isentdlpica na condensacdo do vapor

valvula superaquecido



Principio de funcionamento dos evaporadores sem recompressdo de vapor

inv. massa - myp_; = myp + Mmyy

v

1olei > myg_qhyx1 + mMyr_qhyx—1 —myxhy —myphyx —myg_1hjg1 =0
(1) (2) (3) (4) (5)

rearranjando...

B hjx-1 — hyk hyk-1 —hyk—1
myx = Mjk—1 +myxg

Tsat @ Py, hyx — hyx hyx —hyx
( Y J L Y J
Flasheamento Evaporacdo devido ao
devido a expansdo calor liberado pela
isentdlpica na condensacdo do vapor
valvula do estagio anterior

My = Mfjagh k T Meyap k



k=1 M. . =m h1,0 — hl,l +m hst — hl,sat m . =m m
- v,1 — ] st L1 — ] 0 7 vy
hv,l - hl,l hv,l - hl,l
k=2 m,, = m 1~z + m vz = By mp, = m m
- v,2 — 1 v,1 1,2 — 1)1 =7 Uy 2
hV,Z _ hl,Z hVZ hl 2
~ B hj, —hy3 hy, —hy B
|<_3 mV,3 - ml,2 h h + mV,2 h h ml,3 - ml,Z _ mV,3
v,3 ~ 113 v,3 = 13
_ _ hl,N—l T hl,N hV,N—1 — hl,N—1 _
k=N My N = My N_1 + myN_1 myy = MyN_1 — My
hV,N — hl N hv, _ hl N

Obs.: as entalpias s6

dependem das pressoes —> 2N equcgées X 2N |nCégn|TOS

especificadas nos
modulos
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steam supply

mstin
Pst
Tst
hst
sst
xst
Pcond
Tcond
hcond
scond
xcond

?
2:5
150
2765,2
7,17077
631,794
2,5
127,411
535,345
1,60723
60,711

kg/s
bar

C
ki/kg
ki/kg/K
ki/kg
bar

HE
ki/ke
ki/kg/K
ki/kg

t@) mv1
P, T
“@ 15 11
@
steam
Mgtq
clarified juice > ¢ ﬂﬂ
My my
juice processing
mlin 10 kg/s T
sat@ P
PO 1  bar @Po
TO 25 g &
hO 104,919 ki/kg
sO 0,3672 kJ/kg/K
x0 0 ki/kg
Cin  15% kg/kg
Cout 60%  kg/kg
mlout 2,5  kg/s
Mjehcar
ro =
Myehear

mysz = mjg—
I'g

> | condenser »

condensate >



Envelope operacional do processo

exergia
destruida t P,
| P,
P3
® - Psfecm

otimizagao T
operacional Tsfeom
amb

\\ )

AN

N

~ curvade
Pareto

»

vapor/caldo




Ho-c:

Operation Envelope

1000,00

Pagina Inicial Inserir Layout da Pagina Férmulas Revisdo Exibir Q Diga-me o que vocé deseja fazer
900,00
g y ¥ Recortar Calibri 11 A A== = - ‘Eb Quebrar Texto Automaticamente  Geral - | .:- 1
800,00 ! R Copiar ~ = )
70000 Ccim ¥ Pincel de Formatag3o NI S~ - O-A- === & esclar e Centralizar ~ L2+ 94 000 Jj;;”:fsg:rv K
§ 600,00 Area de Transferéncia P Fonte " Alinhamento P Nidmero
g 500,00 M40 = fx
&
g 40000 A B C D E F G H | J K L M N
50000 ; fluid and dead state evaporator
" 3 fluid  water evaps P T hi hv sl sv xI XV
10000 4 pamb 1  bar 1 1 99,6059 417,504 2674,95 1,30276 7,35885 33,6484 485,469
0,00 5 Tamb 25 € 2 0,9 96,6871 405,198 2670,31 1,26964 7,39427 31,2157 470,273
steam/juice 6 hamb 104,919 ki/kg 3 0,8 93,4855 391,71 12665,18 1,23304 7,43394 28,6403 453,312
7 samb 0,3672 kJ/kg/K
3 juice processing performance
10 mlin 10 kg/s mli0 10,0000 kg/s mv0 3,904 kg/s
11 PO 1 bar mil 7,5286 kg/s mv1l 2,471 kg/s
12 TO 25 °C mi2 5,0246 kg/s mv2 2,504 kg/s
13 hO 104,919 ki/kg mi3 2,5000 kg/s mv3 2,525 kg/s
14 sO 0,3672 kl/kg/K
15 x0 0  ki/kg steam consumption =/ 3,9038 kg/s ok Configu ragéo
16 Cin  15% kg/kg steam/juice = 0,39 kg/kg ok N .
ot 0% ke'ke de referéncia
18 mlout 2,5 kg/s steam exergy input =/ 2466,42 kW ok
19 pump exergy input = 0,00 kW ok
20 juice exergy input = 0,00 kW ok
steam supply
21 condensate @ evap#1 exergy output =/ 237,01 kW ok
22 mstin ? kg/s condensate @ evap#2 exergy output = 83,16 kW ok
23 Pst 25 bar condensate @ evap#3 exergy output = 78,16 kw ok
24 Tst IEE1SONN °C ok vapor @ evap#3 exergy output = 1144,42 kW ok
25 hst 2765,2 ki/kg liquid @ evap#3 exergy output = 71,60 kW ok
26 sst 7,17077 kJ/kg/K
27 xst 631,794 ki/kg overall exergy input = 2466,42 kW ok
28 Pcond 2,5 bar overall exergy output = 1614,35 kW ok
29 Tcond 127,411 °C overall exergy destruction = 852,07 kW ok
30 hcond 535,345 ki/kg everall exergy destructed to exergy input = 34,55% kW/kW "ok
3 scond 1,60723 kJ/kg/K evaporation exergetic efficiency = 16,15% kW/kW ok
32 xcond 60,711 ki/kg
33
34
35

36
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l O:J
mst1
steam >

ejetor
de vapor ®

condenser

clarified juice > ? Dﬁ
Mo my

Tsat @ Pdischarge

condensate >




vapor a

alta pressQo  n————

e femperatura

pressao

steam

Pdisch

asp

y

A

vapor aspirado

v



Balango de energia:

Mrasp™= S Mt Mgt - hst T er-mg - hasp _ (1 + er) " Mgy hdistch =0
@ Pasp’Tasp
_ hg er + hygp
= Daisten = l14+er 1+er
Inventarios de entropia:
(1+er)'mst
@ Plisch s Taisch Mgt * Sg¢ + €I - Mg Sasp — (1 + er) * Mgt * Sdistch T Sgeragélo =0

Sst +er-sasp
1+ er 1+ er

— Sdistch =



§
N
]

Mgy
@ I:)st ’ Tst

@
U
2
<
i
©
Enthalpy (kJkg)
Illll\ll IIII|I\IIIIIIIIII
NS
IIIIIIIIIII|IIII‘II

\
\

|

—

i

@ I:>dis.ch= Tdisch
B hepcrer (Taiccar) = hgt er + hygp .
distch\ 'distch 1 + er 1+ er disch

2x2 — j> €T, TdiStCh

St €T * Sasp
Sdistch (Tdistch) = 1 + er + 1 + er

Newton-Raphson




(1+er)-mg,
@ I:Jdisch’ TdiSCh

@ Pasp’Tasp

enthalpy

A

(hsth Sstm) .

(hasp ) Sasp )

hgistch (Taistch) =

2X2 —

Sdistch (Tdistch) =

» entropy

hst er - hasp =
1 + er 1 + er disch
:> €r, Tdistch
SSt er - Sasp Newton-Raphson
l1+er 1+er



————————————————————————

/N

(1 +er)'mst
@ I:)disch’ Tdisoh

mrasp= er-mg;

@ Pasp’Tasp

enthalpy

A

(Dstm) Sstm) ®.

(hdistchi Sdistch) — >

Paisten = Cte

(hasp: Sasp)

2X2 —

hdistch (Tdistch) —

Sdistch (Tdistch) —

» entropy

hst er - hasp =
1 + er 1 + er disch
:> €r, Tdistch
SSt er - Sasp Newton-Raphson
l14+er 1+4er



————————————————————————

/N

(1+er)-mg,
@ I:)disch’ TdiSCh

My agp= €I Mgy

@ Pasp’Tasp

enthalpy

A

i

er
1+er

(hsth Sstm) ‘

(hdistch; Sdistch) >

1
1+er
Pisicn = cte

(haspl Sasp)

2X2 —

hgistch (Taistch) =

Sdistch (Tdistch) =

» entropy

hst er - hasp =
1 + er 1 + er disch
:> €r, Tdistch
SSt er - Sasp Newton-Raphson
l14+er 1+4er



————————————————————————

/N

(1 +er)'mst
@ I:)disch’ Tdisoh

mrasp= er-mg;

@ Pasp’Tasp

er 1
enthalpy
A 1+er 1+er
(hstm, Sstm) & A
Paiston = Cte er

(hdistchi Sdistch) —

L}

2X2 —

1
(0.4
1+er
| I
(haspl Sasp)

» entropy

hdistch (Tdistch) 1 + er 1+ er Pdisch
:> €r, Tdistch
Sst €r * Sasp

Sdistch (Tdistch) = 1+ er 1+ er Newton-Raphson




| | T " | A
— enthalpy (kJ/kg) B i s / e W/‘ e o Lo = —
E bar 75t e sk
3, bar
rTTT T T T T T T T T T T T T T T T 1
L | _
i i
i i
2000, — : : —
i i Star
i i
- i i —
i i
i i
i i -
o Meoar | | " —
i i
! 1.5 bar ”, _
— i 2 mar ]
: s - I ' ”
i i <
L | : I ]
i i )
i i .
L i i v
2300, — i 1 ;
i i
i i
— i i
— ! _
i i
i i
i i
I ! _
i i
i i
i i
. ! _
| |
I 1.7 bar ! -
i i
e e @ o e e e e i
2700, —
Pv=1.5bar
- A B c D E F G H J K L M _
1 Pst 4,5 bar drd der
2 Tst 150 °C Td 115,418 °C F1 0 kifkg dFl 2,14857 0,71128
Bl 3 hst 2748,34 kifkg er 7,80699 md F2 0 ki/ke/K dF2  0,00553 -0,00457
4 sst 6,868 kl/kg/K
— 5 drd der ]
6 Py 1,5 bar Td 115,418 °C deltaTd 0 °c dFl 033241 51,6853
L 7 Tv 111,35 °C er 7,80699 md  deltaer 0 md dF2 0,40179 -156,126 _
8 hv 2693,11 kifkg
| 9 sv 7,223 K/fkg/K ]
10
11 Pd 1,7 bar
— 12 ok entropy (kJ/kg/K) —
250%‘.50 6,73 7,00 725 7.5



o | \ J / / | /
— enthalpy (kJ/kg) A e L s / P mﬂ S T o = —
£ ar amar 7. e 350ar
I e fntattetetettt 1 _
i
i
2000, — : —
: 25k
- i —
i
i
i -
L S Cl , ”' -
i
| 1.5bar ! _ ”, _
) | . % nar ]
e M _ ””’
| .
: ” | ”” 1.7bar ——
L i v
L I ] ” ’ -
i
! .
i
L ' .
i
i
i
_ i
|
- 1.7bar !
i
___________ i
2700, —
| Pv=1.5bar
L A B c D E F G H J K L M _
1 Pst 4,5 bar drd der
2 Tst 150 °C Td 115,418 c F1 0 kifkg dF1 2,14857 0,71128
Bl 3 hst 2748,34 kifkg er 7,80699 md F2 0 ki/ke/K dF2  0,00553 -0,00457
4 sst 6,868 kl/kg/K
— 5 drd der ]
6 Py 1,5 bar Td 115,418 *C deltaTd 0 °C dF1 0,33241 51,6853
L 7 Tv 111,35 °C er 7,80699 md  deltaer 0 md dF2 0,40179 -156,126 _
8 hv  2693,11 ki/kg
| 9 sv 7,223 K/fkg/K ]
10
11 Pd 1,7 bar
— 12 ok entropy (kJ/kg/K) —

5
2hU%'.E-D 6,75 7,00 7.25 7.5



3000,

2500,

2800,

2700,

2600,

2500,

|
enthalpy (kJ/kg)

1.5 bar
111.3°C

RN T R SR U R

11
12

Pst
Tst
hst
sst

B C
4,5 bar
150 °C
2748,34 ki/kg
6,868 ki/kg/K

1,5 bar
111,35 °C
2693,11 ki/kg
7,223 kifkg/K

1,7 bar

115,418
7,80699

115,418
7,30699

H
°C F1
md F2
°C  deltaTd

md  deltaer

J

0 kifkg
0 kl/kg/K

dF1
dF2

dF1
dF2

L
drd
2,14857
0,00553

dTd
0,33241
0,40179

M
der
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-0,00457

der
51,6853
-156,126

Pv=1.5bar

entropy (kJ/kg/K) |

6,75

7,00
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1.5 bar
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A B C

Pst 4,5 bar
Tst 150 °C

hst 2748,34 ki/kg
sst 6,868 kl/kg/K

Pv 1,5 bar

Tv 111,35 °C

hv  2693,11 kifkg
sv 7,223 K/fkg/K

Pd 1,7 bar

115,418
7,80699

115,418
7,30699

10 bar

H
C F1
md F2
°C  deltaTd

md  deltaer

35 ter 8.ter

J

0 kifkg
0 kl/kg/K

dF1
dF2

dF1
dF2

L
drd
2,14857
0,00553

dTd
0,33241
0,40179

M
der
0,71128
-0,00457

der
51,6853
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Pv=1.5bar
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entropy (kJ/kg/K) |
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7,00
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2900,

2800,

2700,

2600,

2500,

|
enthalpy (kJ/kg)

1.5 bar
111.3°C

A B C F H J K L M 1
1 Pst 4,5 bar drd der
2 Tst 150 °C Td 115,418 °C F1 0 kifkg dF1 2,14857 0,71128
3 hst 2748,34 ki/kg er 7,80699 md F2 0 kl/kg/K dF2 0,00553 -0,00457
4 sst 6,868 kl/kg/K
5 dTd der -
6 Pv 1,5 bar Td 115,418 °C  deltaTd 0 °C dF1l 0,33241 51,6853
7 Tv 111,35 °C er 7,80699 md  deltaer 0 md dF2 0,40179 -156,126 _ |
3 hv  2693,11 kifkg
9 sv 7,223 K/fkg/K ]
10
11 Pd 1,7 bar
e entropy (kJ/kg/K) —

6,75 | | 7,00 725 ‘ |
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3 oar
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150°C
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2500,

|
enthalpy (kJ/kg)

1.5 bar
111.3°C

‘
——————————— | =/ —
) 1107
—_ R
PV—1 5bar 100. L\
B C F H J K L M |
1 Pst 4,5 bar drd der
2 Tst 150 °C Td 115,418 °C F1 0 kifkg dF1 2,14857 0,71128
3 hst 2748,34 ki/kg er 7,80699 md F2 0 ki/kg/K dF2 0,00553 -0,00457
4 sst 6,868 kl/kg/K
5 dTd der -
6 Pv 1,5 bar Td 115,418 °C  deltaTd 0 °C dFl 0,33241 51,6853
7 Tv 111,35 °C er 7,80699 md  deltaer 0 md dF2 0,40179 -156,126 _ |
8 hv  2693,11 ki/kg
9 sv 7,223 K/fkg/K ]
10
11 Pd 1,7 bar t kJ/k /K
2 entropy (kJ/kg/K) ~ —
6,75 7,00 7.25

o




'_] 1.5 bar

111.3°C
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15 2,5 3 3,5
Psteam (bar)
B | c D E F H | s K L | M
Pst 4,5 bar drd der
Tst 150 °C Td 115,418 °C F1 0 kifkg dF1 2,14857 0,71128
hst 2748,34 kifkg er 7,80699 md F2 0 kl/kg/K dF2 0,00553 -0,00457
sst 6,868 kl/kg/K
dTd der
Pv 1,5 bar Td 115,418 °C  deltaTd 0 °C dF1l 0,33241 51,6853
Tv 111,35 °C er 7,80699 md  deltaer 0 md dF2 0,40179 -156,126
hv  2693,11 ki/kg
sv 7,223 K/kg/K
Pd 1,7 bar

4

4,5

er (nd)




Operation Envelope H ©- Ferramentas de

1000
Pagina Inicial Insenr Layout da Pagina Formulas Dados Revisdo Babir Formata
ol —
= ¥, Recortar Calibri Jn A &= - : o -
c i ! B3 Copiar ~ )
olar N T S ~ - o = = =
5 " -
é Area de Transferéncia . Fonte I~ Alinhamento
B
g Agruparl2 ~ =
A B E D E F G H | J K L M M (u]
12 fluid and dead state evaporator
) fluid water Evaps Pref P i hil hv sl sV x| xv
4 Pamb i bar 1 1 1,00 95,61 417,504 2674,95 1,3027¢ 7,35885 33,6484 485,469
5 Tamb 25 *C 2 0,9 0,90 96,69 405,198 2670,31 1,26964 7,39427 31,2157 470,273
03 6 hamb 104,919 ki/kg 3 0,8 0,80 93,49 391,71 2665,18 1,23304 7,433894 23,6403 453,312
steam/juice 7 samb 0,3672 kl/kg/l
g juice processing
10 mlin ml0 10,00 kg/ mst mrv3 2,525 kg/s
n PO mil 7,529 kg/ mvl mcondl 3,850 kg/s
12 TO mi2 5,025 kgf mv2
13 hO mi3 2,500 kg/s mv3
B configuragéo
s gurag
® Cin de referéncia
i F i Cout
18 miout
19
20 steam consumption = 13257 kg/fs ok
21 2 steam/juice :-I:gﬂq ok
22 mstin 2 kg/s
23 Pst 2,5  bar steam exergy input= 837,59 kW ok
24 Tst. 150 °C ok pump exergy input= 0,00 kw ok
25 hst 2765,2 ki/kg juice exergy input = 0,00 kw ok
26 sst 7,17077 kl/kg/K condensate @ evap#l exergy output=_ 146,43 kW ok
21 xst 631,794 kl/kg condensate @ evap#2 exergy output = 83,16 kW ok
28 condensate @ evap#3 exergy output = 78,16 kW ok
V| vapor @ evap#3 exergy output = 0,01 kw ok
vapor supply
30 liquid @ evap#3 exergy output = 71,60 kW ok
31| mvapin 0 kg/s idezl
32 Pcond 1,194 bar 1,194 overall exergy input= 837,59 kW ok
33 Tecond 104,639 °C overall exergy output=_ 379,36 kW ok
34 hcond 438,749 klfkg overall exergy destruction :_ kw ok
35 scond 1,35932 ki/kg/K everall exergy destructed to exergy input=  54,71% kW/kW "ok
36 xcond 38,0303 kl/kg evaporation exergetic efficiency=  36,74% kW/kW ok
ar
38
3 parameters

40 eps 0,01



Inventdrio exergético global

1,326 kg/s
837,59 kw, e/

2,525 kg/s

3,850 kg/s 1,00 bar
99,61 °C

I

10,00 kg/s

2,471 kg/s

2,504 kg/s

0,000 kg/s

0,90 bar
96,69 °C

7,529 kg/s

5,025 kg/s

2,500 kg/s

-~

A 4

A 4

EXgest = 498 KW

A 4

0,01 kW

U

71,60 kW

78,16 kW

83,16 kW

1l

146,43 kW



vapor 3

condensado 1

condensado 2

condensado 3
exergia fornecida

exergia destruida



Minima energia mecadnica
necessaria para o processo
de separacado...

Manifestacao da 2° Lei da
Termodinamica !!!

vapor 3

condensado 1

condensado 2

condensado 3
exergia fornecida

exergia destruida









Curso de Termodinamica

EXERGIA

parte 2/2

aula 14/ '



	Número do slide 1
	Número do slide 2
	Número do slide 3
	Número do slide 4
	Número do slide 5
	Número do slide 6
	Número do slide 7
	Número do slide 8
	Número do slide 9
	Número do slide 10
	Número do slide 11
	Número do slide 12
	Número do slide 13
	Número do slide 14
	Número do slide 15
	Número do slide 16
	Número do slide 17
	Número do slide 18
	Número do slide 19
	Número do slide 20
	Número do slide 21
	Número do slide 22
	Número do slide 23
	Número do slide 24
	Número do slide 25
	Número do slide 26
	Número do slide 27
	Número do slide 28
	Número do slide 29
	Número do slide 30
	Número do slide 31
	Número do slide 32
	Número do slide 33
	Número do slide 34
	Número do slide 35
	Número do slide 36
	Número do slide 37
	Número do slide 38
	Número do slide 39
	Número do slide 40
	Número do slide 41
	Número do slide 42
	Número do slide 43
	Número do slide 44
	Número do slide 45
	Número do slide 46
	Número do slide 47
	Número do slide 48
	Número do slide 49
	Número do slide 50
	Número do slide 51
	Número do slide 52
	Número do slide 53
	Número do slide 54
	Número do slide 55
	Número do slide 56
	Número do slide 57

