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1-2: compressao isentropica
2-3: rejeicao isobarica de calor
3-4: expansao isentalpica

4-1: absorcao isobarica de calor




temperature R-134a
4 0,80MPa
5: R134a: Saturation points (at equilibrium) =5 EcE ™~
423 kl/kg
Liquid | Vapor Liguid Wapaor Liguid “Yapor Liquid | Vapor | Liquid | “Vapor
Temperature |Pressure| Density | Density [ Volume | Valume |Int. Energy|Int. Energy| Enthalpy | Enthalpy| Entropy | Entropy
(0 {bar) | (kg/m?) | (kg/m?) [ (mifka) | (mfkg) | (kdkg) | (kdikg) | (kdikg) | (kdkg) |(kdfkg-K)|(kJkg-K) 243 kJ /kg 38 9°C
1 18,760 14000 | 13545 | 7,1353 | 0,00073830 | 0,14015 | 175,14 36770 | 17524 | 38732 [ 090656 | 1.7402 ’
2| 3327 8.0000 | 11822 | 39,025 | 000084585 | 0,025625 | 242,97 39496 | 24365 | 41546 | 11497 | 1.7140
3 0,14MPa
nf R134a: Specified state points ‘ (=] H = H 3 | 0 OSkg/S
7
Temperature |Pressure| Density | Yolume |Int. Energy| Enthalpy | Entropy Quality
() (ban) | (kg/m?) | (mkg) | (kdkg) | (kdfka) |(klfkaK)]  (karfkg)
1| 38,969 80000 | 37211 |0.026874| 40202 | 42352 | 1.7402 | Supetheated -18,7°C
2| 18760 1.4000 | 21,879 | 0045706 237.25 | 24365 | 1.1755 0.32256
3
/ 243 kl/kg 387 kl/kg
x=0,322 kg/kg >
entropy

wyp = —(hy —hy) = -

—36,20 kJ /kg

Gos = +(hs —hy) =+ = 17987 k] /kg |
G = +(hy —hy) = - = +143,67 kJ kg

QL

COPMF == 3,969

Qn

COPgc = 4,969



0 que acontece na partida de uma MF ?




“partida” de barragem hidrelétrica...




~ “partida” de uma massa no espago...
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operacao em modo resfriamento
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- Ciclos de refrigeracag especializados...
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A Qt’imiiagéo da pressio‘ intermediéria...




condensador
evaporador

‘/L\\A\l &'.1

temperature

A

R-134a

condensador

evaporador

s

P__=0,8 MPa

..=0,32 MPa

P_=0,14 MPa

» entropy
5: R134a: Saturation points (at equilibrium) =R EcR =
Liquid | Vapor Liguid Yapor Liguid Yapor Liquid | Vapor | Liquid | Vapor
Temperature | Pressure| Density | Density [ Volume | Yolume |Int. Energy|Int. Energy| Enthalpy | Enthalpy | Entropy | Entropy
(Q (bar) | (kofm?) | (kafm) | (mika) | (m¥ka) | (kdfkg) | (kdikg) | (kdikg) | (kdfkg) | (kdfkgK)| (kdikorK)
11 -18.760 1,4000 | 13545 | 7.1353 | 0,00073830 | 014016 | 175,14 36770 | 17524 | 387.32 | 0.90656 | 1.7402
2 2,4768 3.2000 | 12865 | 15721 | 0.00077727 | 0,063611| 203,09 379.69 | 20334 | 400,04 | 1.0121 | 17257
3 31.327 80000 | 11822 | 39025 | 0.00084585 | 0.025625 | 242,97 39496 | 24365 | 41546 | 1.1497 | 1.7140
4
n'-F?H-la Specified state points mﬁimi
Temperature | Pressure| Density | Yolume |Int. Energy| Enthalpy | Entropy Quality
Q) fbar) | (ka/m?) | (mfkg) | (kdkg) [ (kdfkg) |(kdikgK)[ (katkg)
1| 69150 | 3,2000 | 15365 |0065084| 38323 | 40406 | 17402 | Superhested =———— @)
2 2.4768 32000 | 73,235 |0013655| 239,26 | 243,65 [ 11583 0,20495 1—6
3 -18.760 1,4000 | 52,063 |0,019208| 200,65 | 203,34 [ 1.0170 0,13248 '—e
4




temperature

hg=x-hs3+ (1 —x)-h, > hg =403,24 kJ/kg
Sg = S(Py, hg) = s9 = 1,7373 kJ/kg/K
hy = h(P,,s,) = hy = 422,62 k] /kg

Wiy, == —=13,31kJ/kg

Wgy = =+ = _19,38 k]/kg

A

P__=0,8 MPa

..=0,32 MPa

P_=0,14 MPa

R-134a

condensador

evaporador

. . » entropy
Qus = - = —17897 k] /kg
5: R1342: Saturation points (st equilibrium) E=8 EcR ==
q81 = = +146;27 k]/kg Liquid | Vapor Liguid Yapor Liguid Yapor Liquid | Vapor | Liquid | Vapor
Temperature | Pressure| Density | Density [ Volume | Yolume |Int. Energy|Int. Energy| Enthalpy | Enthalpy | Entropy | Entropy
(Q (bar) | (kofm?) | (kafm) | (mika) | (m¥ka) | (kdfkg) | (kdikg) | (kdikg) | (kdfkg) | (kdfkgK)| (kdikorK)
1] -18.760 1.4000 | 13545 | 71353 | 0.00073830 | 014015 | 17514 36770 | 17524 | 387.32 | 0.90656 | 1.7402
2| 24768 3.2000 | 12865 | 15721 | 0.00077727 | 0,063611| 203,09 379.69 | 20334 | 400,04 | 1.0121 | 17257
3| 31327 80000 | 11822 | 39,025 | 0.00084585 | 0.025625 | 242,87 39496 | 24365 | 41546 | 1.1497 | 1.7140
4
7: R134a: Specified state points (o] @ =]
HL\\A\‘ &’.1 Temperature | Pressure| Density | Yolume |Int. Energy| Enthalpy | Entropy Quality
Q) fbar) | (ka/m?) | (mfkg) | (kdkg) [ (kdfkg) |(kdikgK)[ (katkg)
1| 69150 | 3,2000 | 15365 |0065084| 38323 | 40406 | 17402 | Superhested =———— @)
2 2.4768 32000 | 73,235 |0013655| 239,26 | 243,65 [ 11583 0,20495 1—6
3 -18.760 1,4000 | 52,063 |0,019208| 200,65 | 203,34 [ 1.0170 013248 '—e
4




hg =X'h3+(1—X)'h2 —)hg = 403,24 k]/kg
Sqg = S(Pg,hg) — Sqg = 1,7373 k]/kg/K

h4_ = h(P4_, 54) - h4 = 4‘22,62 k]/kg

Q Woy = - = —19,38k//kg
(as = - = —178,97 k] /kg
COPyp =%= 3,969

)
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int
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/ » entropy
0, 146,27
COPMF — — 4‘,4‘74

W ~ 1331 + 19,38

ACOPyp = +12,7% I
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Q R
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17 0.8
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17 04
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17 04
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17 0.5
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0,20

W W = N Z -1} AB AT AD RE
Pz T2 he =2 PG TG hi s6 P Ta
i1 0z -B0 3344 17 02 -101 2436 12 01 -BE
1.1 02 -43 3368 17 0.z =71 2436 1.2 01 -188
1.1 0.3 =10 333.0 17 03 -4.3 2436 1.2 01 -18.8
11 03 20 4003 17 03 -7 2436 12 01 -8
1.1 0.3 48 4027 17 03 0.7 2436 1.2 01 -18.8
1.1 0.3 T4 d0dd 1.7 03 23 2438 1.2 01 -8
11 04 33 4083 17 04 50 2438 12 01 -BE
11 04 121 4074 17 04 70 2436 12 01 -8
11 04 W3 4087 17 04 83 2436 12 01 -3
11 04 B4 400 17 04 0T 2438 12 01 -BE
1.1 05 123 412 17 o5 125 24386 1.2 01 -188
11 05 202 4z4 17 05 W1 2436 12 01 -BAE
11 05 213 4135 17 05 157 2435 12 01 -BS
11 05 236 415 1.7 s 17.3 2436 1.2 01 -188
11 0B 253 4155 1.7 06 18,8 243E 1.2 01 -188
11 0E 26849 4164 1.7 0B 20,2 2438 1.2 01 -188
11 06 284 474 17 06 2B 2436 12 01 -BE
11 0B 2348 4182 1.7 0B 229 24386 1.2 01 -188
1.1 07 313 41841 17 07 242 2436 1.2 01 -85
11 07 326 4133 17 07 255 2436 12 01 -Ba
11 07 340 4207 17 07 267 2436 12 01 -Ba
11 07 353 4214 17 07 273 2436 12 01 -\
1.1 0.8 365 4221 17 08 231 2436 11 01 -85
i1 08 3T 4228 17 08 302 2436 11 01 -1B8
e®%e,
o o
®
® o
@
®
®
o
®
®
®
o
®
0,30 0,40 0,50 0,60 0,70

pressdo intermediaria (MPa)

AF AG
h& =8
186,56 1.0
130,56 1.0
134.3 1.0
197.7 1.0
2009 1.0
20349 1.0
2068 1.0
2095 1.0
2121 11
2145 11
217.0 11
213.3 11
2215 11
2238 11
2257 11
2277 11
229.7 11
2316 11
2334 11
235.2 11
237.0 11
2387 12
2404 12
2420 1.2
®
®
0,80

0,90

A& | AK | AL | AM | AN | AD | AP | AQ

T3 kI 3 P4 T4 hd 4 wi2
-65 3333 17 08 364 4223 17 -1
-50 3362 17 08 383 422E 17 -70
-8 3983 17 08 382 4zzy 17 -88

COPyr max = 4,492

AR
wid

-23.0
-26.6
-24.5
-225
=207
-13,1
175
-16.1
1.7
-13.4
-12.2
111
=100
-3.0
-3.0
=71
-B.2
-5.3
-4.4
-3.G
-z2.3
-21
-14
-0.7

RS

qd5
-173.3
-173.2
-1731
-173.0
-173.0
-178.0
-178.0
-178.0
-178.0
-178.0
-178.0

-173.1

-173.1
-178,2
-178,2
-178,3
-178,3
-178,4
-178.%
-178.%
-178.6
-178,7
-178.7
-178.8

@ P;,,, = 0,38 MPa
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- Ciclos de refrigeracag especializados...




temperature P = 0,8 MPa

>

Reducdo do
trabalho
demandado

P_. =0,14 MPa

2 P..=0,32 MPa
ST

Ganho de capacidade >
< » frigorifica
8 entropy
12: R134a: Saturation points (at equilibriurn) EI@

® Determinar m /m Liquid | “apor Liguid “apar Liguid “apar Liquid | “apor | Liguid | “apor
H L Temperature | Pressure| Density | Density | Yolume | Yolume [Int Energy| Int. Enercy| Enthalpy | Enthalpy | Entropsy | Entropy

H G b [3 k ik 3l A ke kil bk bl ook | (bed oK

e Determinar COP (' (han [ (kofm?) | (kgém?) | (ko) | (k) | (kdfkd) | (kdikg) | (kdfeg) | (ki) | (koK) | (kdikg-K)

-18.760 1.4000 | 13545 | 71353 | 000073830 | 014015 | 17514 387,70 175,24 | 38732 | 0.90656 | 1.7402 |e

24768 3.2000 | 12865 | 15721 | 000077727 | 0063611 203,09 374,69 203,34 | 400,04 | 1.m21 | 17257 |«

1
2
3 31,327 §.0000 | 11822 | 39.025 | 000054565 | 0.025625) 24287 394,96 243,65 | 41646 | 11487 | 1.7140 [«
4

==

Temperature | Pressure| Density | “Wolume [Int Energy| Enthalpy | Entropy Cluality
Q) thar) | (kafm?) | (k) | (kdikg) | (kdikg) | (kdfkgt)) (kafkg)

1 £.9150 3.2000 | 15,365 | 0.0650G4| 383.23 404,06 | 1,7402 | Superheated [ o
2 34,679 5.0000 | 38191 | 0026184 398.08 419,03 | 1.7257 | Superhested [ o

3 24768 3.2000 | 73,235 | 0.013655| 23928 24365 | 1,1583 020495 ¢ e
4] -18.760 1.4000 | 52063 | 0.018208 | 200.65 203,34 | 1.0170 013245 < e

5




temperature P = 0,8 MPa

A Pint = 0,32 MPa
Oreg =mu- (s =h2) 1y (hy—he) e
m — h _ h = demandado
Qreg = My - (hs — he) no (s =h7) P =0,14 MPa
404 —244 0795
“=%00-203
Wi, =my - (hy — hy) Qg1 = my -+ (hy — hg) Ganho de capacidade >
< » frigorifica entropy
W3y = my - (hy — h3)
m, * h — h a - h - h
COP — Qs1 L (hy 8) (hq 8)

Wi, + Way, my-(hy—hy) +my - (hy —hs) a-(hy —hy)+ (hy — hs3)

COP = 0,795 - (387 — 203) _ 4529 kW de refrigeracao
Q 0,795 (404 —387) + (419 —400) kW de eletricidade

COPyp = WL = 3,969

COPyr max = 4,492 Questdo: P,., = 0,32 MPa e a ideal ?
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condensador vapor @ alta pressao

v
A

wpor@bmarese | ®

E possivel substituir o sistema
eletromecanico por um sistema quimico






PtotaI = PO+ PQ






PRINCIPAIS MECANISMOS DE EMISSAO E SEQUESTRO DE CO,

dioxido de carbono — carbono + dgua + luz —» biomassa vegetal — biomassa ndo vegetal

\ J
|

fotossintese

biomineralizagao — corais, foraminiferas, cocolitoforos, etc. (CaCO,)

“respiragcdo” ocednica — solubilidade = f(temperatura)... prox. slide

| vulcanismo

850 Gt
38.000 Gt biomincralizaqéo
B S e _so]ubilidadc

100.000.000 Gt [ [ (8| A0 L (LT, o URKT VR S | eolubiidade




Carbon dioxide solubility in water

SEQUESTRO DE CO2 POR DE SOLUBILIDADE

ty i
035
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T
g o0z
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‘ g8 o2
e
© z o1
3 o
a
0.05
0
0 10 20 30 40 50 60
i -
Temperature (C)

850 Gt de C na forma de CO, @ ~400ppm

1,8 Gtde C /ano

A45%
o),

diminuicdo de Al aumento de

- temperatura : temperatura

- 38.000 Gt de C dissolvido — «bomba de solubilidade

-100.000.000 Gt de C em rochas carbondceas <« bomba bioldgica
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gerador de NH;

condensador

v
A

NH,
4\\‘ ‘\\\ 4\\‘ 4\\‘ ‘\\\ 4\\‘ 4\\‘ ‘\\\ 1\\‘
retificador
H,0
trocador ﬁ>
regenerativo

X3

©

absorvedor

Geladeira solar ?!

resfriamento H,O + NH;

!

Amonia vinda do evaporador é absorvida pela agua
no absorvedor (proc. exotérmico)

A solug¢do NH;+H,0 liquida é bombeada para o
gerador (w 4 pg dv = 0)

A solug¢do NH,;+H,0 é aquecida por uma fonte
externa de calor para evaporar NH,

Um retificador (opcional) recondensa parte do
vapor para aumentar a pureza do NH;

NH3 a alta pressdo e temperatura segue para o
condensador da MF

Agua contendo um pouco de NH3 retorna ao
absorvedor passando por um trocador
regenerativo, sendo despressurizado numa valvula
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gerador de NH;

condensador

v
A

NH,
VNN NN
H,0
trocador
regenerativo ﬁ>
0.5 ¥

Em sistemas mais complexos
(NH3 + H2 + H20) a pressao
total é cte e a bomba pode ser
substituida por um termosifao

resfriamento H,O + NH,

!
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