~ CURSO INTENSIVO

TERMODINAMICA = APLICACOES DE ENGENHARIA |

+

; : L

PROPRIEDADES TERMODINAMICAS': I
DIAGRAMAS DE-»EQUILIBRIO 4

Paulo Seleghim Jr.
Universidade de Sao Paulo




~ CURSO INTENSIVO

TERMODINAMICA = APLICACOES DE ENGENHARIA |

+

i : -




AVISOS IMPORTANTES:

+

SEM0233 TERMODINAMICA 1

INTRODU IZ_:_E. 0 E CONCEITOS BASICOS

EMERGIA E DESORDEM: A PRIMEIRA LEI DA TERMODINAMICA

PROPRIEDADES TERMODINAMICAS: DIAGRAMAS DE EQUILIBRIO

EQUACOES DE BALANCO DE ENERGIA PARA SISTEMAS FECHADOS

SEMAMNA SANTA

o1odizd i
. —EQUACOES DE BALANCO DE ENERGIA PARA SISTEMAS ABERTOS 1/2 " : '
14 PREUE

15 Osi04iz4

EQUACOES DE BALAN CO DE EMERGIA PARA SISTEMAS ABERTOS 2/2
£ BB,

e 150424 | Resolucdo de exercicios

ol 160424 | Avaliagdo P1




AVISOS IMPORTANTES

+

*

CSpe

+

- Term +

edisciplinas.usp.br/course/view.php?id=115551

DISCIPLINAS Disciplinas > v Suporte » v Portugués - Brasil (pt_br) v



~ AVISOS IMPOR

TANTES:

A S ; s

= » studiu Search across your channel t

Channel content

|
‘f Videos Shorts Live Posts Playlists Podcasts Promotions b
d&

Your channel i

Prof. . Seleghim [ video visibility g\ Monetization [
Dashboard |:| \.\ i

og o - -
{=]n] Aula 2 - exercicio resolvido / TERMODINAMICA. / Prof. Paulo ... tﬂgf:o;. 5. off
i
Um pistdo com 1m de comprimento e drea seccional de 0,5m2 ‘-—"
|g Conkent esta imerso num banho isotérmico a 150°C. 0 émbolo define du..
+ [ Analytics O Aula 2 - exercicio resolvido / TERMODINAMICA / Prof. Palo ... 8 off
8 Um cilindro isolado termicamente é dividido em dois
compartimentos por um pistdo capaz de se mover sem atritos e... { 3
E Comments
O Aula 2 - exercicio resolvido / TERMODINAMICA / Prof. Palo ... 8 off
= Subtitles Um pistdo com 1m de comprimento e drea seccional de 0,5m2
esta imerso num banho isotérmico a 150°C. O émbolo define du...
\ @) Copyright
D Aula 1 - exercicio resolvido / TERMODINAMICA / Prof. Paulo . X, off
E Um vaso de pressdo com volume de 0,4m3 contém 1,25kg de uma
SIS mistura formada por COZ2 e H20 mantida a uma presso...
/- Customization []  sserrumsdo curs : < = o - 5
TERMOBINAMICAE Abertura do curso: TERMODINAMICA E APLICAGOES DE EN... ﬁk_,l Public Off
APLICACDES DE , Add cription 1
ENGENHARIA
Audio library ==~ 16:36




~ CURSO INTENSIVO

TERMODINAMICA = APLICACOES DE ENGENHARIA |

+

; : L

PROPRIEDADES TERMODINAMICAS': I
DIAGRAMAS DE-»EQUILIBRIO 4

Paulo Seleghim Jr.
Universidade de Sao Paulo




Como explicitar a vinculacao entre
diferentes propriedades termodinamicas
para uma substancia genérica ?

substancias

SJ
transformacoes trocas energéticas



DEMONSTRAGCAO DO USO DE “TABELAS ELETRONICAS”...

REFPROP / NIST

Instituto Nacional de «*
Padrbes e Tecnologia

Agéncia governamental

NIST

National Institute of
Standards and Technology

O National Institute of Standards and Technology, anteriormente
conhecido como The National Bureau of Standards, € uma agéncia
governamental néo regulatéria da administracdo de tecnologia do
Departamento de Comércio dos Estados Unidos. Wikipédia

Sede: Gaithersburg, Maryland, EUA

Fundador: Congresso dos Estados Unidos

Fundagdo: 1901

Numero de funcionarios: 2.900

Organizagdo mae: Departamento de Comércio dos Estados
Unidos

Subsidiaria: National Cybersecurity Center of Excellence

n REFPROP {water) - MIST Reference Fluid Properties

File Edit Options Substance Calculate Plot Window Help Cautions
2: water: V/L sat. T=0,02 to 370, °C = == water - H20 (CAS# 7732-18-3) (5]
Gas phase
o o o rolar mass Triple pt. temp. Mormal boiling pt. dipole at NBP
Liquid | “apor | Liguid | Yapor | Liquid | apor [ 1805 kakmal | | o1 C EEE [ 1,655 debye
Temperature| Pressure | Density | Density | Enthalpy | Enthalpy|  Entropy | Entropy
(0 thar) | tkofm®) | (kg | (kdikg) | dkdfkg) | fkdfkok) | Ckdfleo) Critical Paint
Temperature Prezsure Dienzity Acentric factor
1| 0,020000 0,0061210 999,79 | 0,0048579 | 0,042811 | 25009 | 0,00015448 | 91552 [ 2738 T [ 22064 bar [ 322 kaim | 03443
2 5,0200 00087379 999,92 | 00068112 21.104 2510,1 0076556 93,0243
3 10,020 0012295 | 999,65 | 00094190 ( 42105 25192 015138 5.8993 Fange of applicability
4 15020 | 0.017080 | 99905 | 0.012857 | 63085 | 25284 | 022475 | 87798 Minirum termp. Masimum temp.  Masimum pressure - Masimum density
5| 20020 | 0.023422 | 995,16 | 0017334 | 83.99 | 25375 | 029677 | B,6655 |oooit | T7ssT | 10000k | 13324 kg/m
£ 25.020 0031737 | 99700 | 0023101 104,91 25465 036751 8 55h2 MIST Rec: FEQ Helmholtz equation of state for water of Wagner and Pruss [2002]. ~|
7 30,020 0042518 | 995,60 | 0,0304458 | 12582 25556 0,43703 8,4516 LITERATURE REFERENCE s
i 35.020 0056352 | 993,98 | 0,039716 | 146,72 2564.6 0,50540 85,3513 I\:\_Figf]ilm\ﬂsapd P[lI’IStS"A.‘I'SSS T T - o
& armulation af the Therrmadwnarnic Properties of QOrdinary E
9 40,020 0073928 | 99217 | 0051294 | 167,62 25735 057267 8,2552 \Water Substance for General and 5 cientific L se."
10 45,020 0096049 | 990,16 | 0,065628 | 188,52 25825 0,63588 81630 . Phyz. Cherm. Ref. Data, 31(2):387-635, 2002
The uncertainty in density of the equation of state iz 0.0001% at 1 atm
< BN e -, . in the liquid phase, and 0.001% at other liquid states at pressures up
L Slip S Elals S S P e =3 X to 10 kMPa and temperatures to 423 K. In the vapor phase, the uncertainty 8
GO0, - T T ' S GRT01S0100, 50, bar | : | Equation of State Wizcosity | Thermal Conductivity |
500 :_ _: Surface tension | telting Line | Sublimation Line |
. E E ak Cancel | Frint ‘ Copy Copy &l ‘
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Q#1: neste curso qual software
usaremos para calculo das

propriedades termodinamicas de
uma substancia?

A) REFPROPmini / NIST

B) Fluent / ANSYS

C) ASPEN PLUS / AspenTech
D) Flight Simulator / Microsoft
E) Excel / Microsoft



FASES DE UMA SUBSTANCIA PURA: AQUECIMENTO @ P = CTE

(@)

u

v Fase soélida: seu volume tem forma prépria
v Fase liquida: ocupa parcialmente o volume do recipiente

v' Fase gasosa: ocupa totalmente o volume do recipiente



CONSTRUGAO EMPIRICA DO DIAGRAMA DE EQUILIBRIO
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volume



DIAGRAMA DE EQUILIBRIO DA AGUA (REFPROP)

water
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DIAGRAMA DE EQUILIBRIO DO CO, (REFPROP)
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FASES DE UMA SUBSTANCIA PURA, COMPRESSAO @ T =CTE

1

als
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Meio com capacidade

infinita de absorver de calor, i.e
absorve calor sem alterar sua
temperatura.
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Aplicacao:
sistema de extragao com _
CO, supercritico S




PRODUGCAO DE SCCO2: AQUECIMENTO ISOCORICO (V = CTE)

volume
vapor

volume
liquido

;
S

P

, critica
v=cte
temperatura 5
A )
L “30,98°C

73,77bar

—"’

T, / ~(1-x) ~X \
>
Y volume
V=X:Va +(1=X)- vy,

—

p:X°pvap+(1_x)°pliq



V = Vliq + Vvap
mv = MyiqgViiqg + MyapVpap

mv = (m — mvap)vliq + MyapVyap

volume
liquido

(m o mvap) . Myap
m

Vpap



v=(1-x)v54 + XVpap

p F (1 R x)pliq + XPvap

rvap

r= tlig

- (rvap — rvap-x + x-tliq)



VARIAGAO DE py,q E pyap COM A PRESSAO E A TEMPERATURA...

REFPROP (carbon dioxide) - MIST Reference Fluid Properties

F

B EOl =

File Edit Options 5Substance Calculate Plot Window Help Cautions
11: carbon dioxidedrho = 500, kg/m®

Liquid “apor Liquid Wapar

Temperature |Fressure| Density | Density | Densily Salume olume olume

(C) (hary | (ko) | (kafm®) | (kgfm®) | (mikg) | (ko) | (mffko)
1 14,000 49,658 | 500,00 | &28.70 155,11 0.0020000 | 0,0012053 | 00064472
Z 15,000 h0.671 | &OOOO | 821,21 160,73 | 0,0020000 | 0,007T2177 | 0,0062216
3 16,000 Re.108 | 50000 | 81241 166,66 | 0.0020000 | 0,0012309 | 0,0060003
4 17.000 h3.368 | &OOO0 | 80327 172,93 | 0,.0020000 | 0,0072449 | 0,00575E8
5 18,000 h4,651 [ BOOO0D | 79376 17957 | 0.0020000 | 0,0012555 | 0,0055654
B 15,000 55,955 | &OOOO0 | 783,81 166,64 [ 0,0020000 | 0,0012755 [ 0,0053575
7 20,000 h7.291 | &O0D.OO | 77334 194,20 | 0,0020000 | 0,0072930 | 0,0057493
3 21.000 hE.B48 | BOOO0 | VRZA0 202,32 | 0.0020000 | 0,0073116 | 0,0045427
9 22,000 60,031 [ 500,00 | 75077 211,08 | 0,0020000 | 0,0073320 | 0,0047375
10 23.000 61,440 | &OO0O0 | 738,36 220,62 | 0,0020000 | 0,0073543 | 0,00453ER
11 24,000 B2.g77 | 500,00 | 72502 £31,10 | 0,0020000 | 0,0073793 | 0,0043272
12 25,000 64,342 | &O0.00 | 710,50 242,73 | 0.0020000 | 0,0014075 | 0,0041193
13 26,000 B5.837 [ 500,00 | B94.4k 255,806 | 0,0020000 | 0,0074400 | 0,0034053
14 272,000 67,361 [ &OO.O0 | BY6.36 271.M 0.0020000 | 0,0014785 | 00036835
15 28,000 63,918 | &O000 | BRLZE 289,11 0.0020000 | 0,0015267 | 0.0034533
16 24,000 70,509 [ 500,00 | B29.36 22,03 | 00020000 | 0,00155589 | 0,0032048
17 30,000 72137 | 0000 | 543,31 34510 | 0,0020000 | 0,0076GB55 | 0,0028577
18 30,963 73,748 | 50000 | 500,00 437,72 | 0.0020000 | 0,0020000 | 0002254k
15 31,000 73812 | &O0.00 | 500,00 | Undefined | 0,0020000 | 0.0020000 | Undetfined
20 3,000 75,609 | 50000 | 500,00 | Undefined | 0.0020000 | 0.0020000 | Undefined

e

=y




VARIAGAO DE py,q E pyap COM A PRESSAO E A TEMPERATURA...

densidade
(kg/m3)

829,7

593,1

— liquido

saturadO\

liquido
comp

500,0

345,1

vapor
___——saturado

155,1

14°C

30,0 -

— 31,0

46°C

temperatura



57bar 20°C

SR,

72bar 30°C

194,2kg/m3 312,0kg/m3

733,4kg/m3 629,4kg/m3 500,0kg/m3

. _500,0-733,4 . _ 500,0 -629,4 . _ 500,0 -500,0
194,2-7334 ©312,0-629,4 ~ 500,0-500,0

x =0,433 x = 0,408 > x20,408
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GRAOS DE CAFE DESCAFEINADO
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Cafeina é
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extraida “lavador” dissolve
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=
Nova Embalagem

®

BENEGRIP

dipirona sodica monoidratada 500mg
/%) maleato de clorfeniramina 2mg

# cafeina 30mg

150 AU " Gontém 20 comprimidos

dipirona mono-hicratada 500 mg  cafe
meleato de clofenramina 2 mgg ji

 Coristina'd

(agiio Mati e i
Combate os sintomas da Gripe acido acetilsalicilico 400mg
1 e dor o categ: e conpeibneal | maleato de dexclorfeniramina 1 mg
oo D omminensios  1ccses b | doridrato defenilefrina 10mg
. cafeina30mg
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Q#2: qual a principal
caracteristica de uma substancia

nos estados supercriticos ?

A) Favorece o derretimento das calotas polares...
B) Excelente condutividade elétrica (supercondutores)...
C) As fases liquida e gasosa tém densidades iguais...
D) Sua pressao € supercritica... (ChatGTP)

E) Favorece o congelamento das calotas polares...



Diagramas de equilibrio
solido-liquido-vapor

o



pressao
A

N

isso-T
critica

> volume



&

Massimo Delle Piane
Published on Mar 19, 2015

Ab initio molecular dynamics (AIMD) of a 14x14x14 A water box at 300K. Computational code:
CP2K. Level of theory: PBE-D2/TZV-P. Hydrogen bonds are in magenta. The shown trajectory
corresponds to 10 ps of simulation, smoothed to remove fast vibrational motions. Rendered

through VMD.
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Mars Global Surveyor

, 1999

March



dinlel _cfé'm'ada’-js de ‘
~, Ppoejraegelo, 7

Camada superficial de CO2 forma-se no inverno e sublima “explosivamente” no IR sof (our sur) _
~ , TS Mars Reconnaissance Orbiter (MRO)
verao. Isto gera ventos de ~400km/h que transportam particulas do solo, BREEEE e Reconnsissance Orbiter (HRO)
transportando-as por todo o planeta. (Mars Reconnaissence Orbiter) _Ttgf-“iﬁg"“if;s =0
_ProducedBy: alian Space Agenc

JPL News Release 2010-180




pressao

substancia que se

‘ contrai ao solidificar

iso-T
critica

> volume




pressao

substancia que se
‘ expande ao se resfriar/solidificar

iso-T
critica

> volume




ressao A .
g substancia que se

‘ expande ao se resfriar/solidificar [>

iso-T
critica

> volume

Water, gallium, germanium, Bismuth.
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Retracao das Geleiras

Glaciar Grey, Campo de Gelo Patagdnico Sul



Retracao das Geleiras

Glaciar Grey, Campo de Gelo Patagdnico Sul
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SNOW AND ICE COVERAGE

PHoffman photo

Ice-rafted dropstone, Ghaub Fm, Namibia




Superficie P x v x T

o



Pressure

Solid + Va_p’ouf |

: britical_,-ﬁ
Liqqid"+ Vapdﬁr

o,




pressao

pressao A

linha
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Solid + Vapour

%/

volume

pressao 4

volume



DIAGRAMA PRESSAO x TEMPERATURA

|
|
pressao : _
A : fluido
| supercritico
solidificar | critico
/ liquido /
fusao vaporizacao
solido
sublimacao

/ >

temperatura




DIAGRAMA PRESSAO x TEMPERATURA

|
|
pressao | _
A | fluido

| supercritico

expande ao .. : ponto

solidificar liquido /'Cn'tico

fusao vaporizacao
solido
sublimacao

/ >

temperatura




0,006bar

Carbon dioxide 96,0%
Argon 1,90%
Nitrogen 1,90%
Oxygen 0,145%
C. monoxide  0,006%

atmosfera marciana

DIAGRAMA P x T: DIOXIDO DE CARBONO

* pressao total

~ A
Pressao (bar)
> 10—
sodlido
w3 fluido
10— supercritico
liquido
2 ) ponto
1042 — critico
10+1_
30.98°C
100 — 73,77bar
101 —
0,006bar
Carbon dioxide 96,0% va por
10-2 ] ﬁ:ﬁz;en :112802
A '122,50C g%yr;?:nnoxide gégg"i
: atmosfera marciana
o T 1 1 1 1 1T 1 1T 1T 71 °

-140  -120 -100 -80 -60 -40 -20 0 +20 +40

+60 Temp (°C)



FORMAGAO DE NEVE DE DIOXIDO DE CARBONO EM MARTE

INATIONAL
CHANNEL

Heavy Frost, or Snow, Deposit at Viking Lander 2 Site (Viking Lander Image 211093)



Q#3: qual a caracteristica dos
estados termodindmicos com

temperatura inferior a temperatura
da linha tripla ?

A) Favorece o derretimento das calotas polares...
B) Excelente condutividade elétrica (supercondutores)...
C) As fases liquida e gasosa tém densidades iguais...
D) A pressao € baixa e a temperatura € alta...

E) A fase liquida nao existe de maneira estavel...



TERMODINAMICA DAS SUBSTANCIAS MULTICOMPONENTES

I REFPROP - NIST Reference Fluid Properties (DLL version 9,1) - [1%: Pressure vs. Valume plot: butane/propane (0,6/0,4]] - [1%: Pressure vs. Volume plot: butane] - s
Elle Edit Options Substance Calculate Plot Window Help Cautions _lalx

100,
T T

00—

Pressure (bar}

10—

0,100 1,00 10,0

Volume (m?/kmol)
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Analise Termodinamica:
visualizacao das transformacoes em um
diagrama de equilibrio

o
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Propriedade Termodinamica:
entalpia — calor trocado @ P = cte

o



APLICACAO DA 12 LEI DA TERMODINAMICA

:..80.:::

M

aquecimento
isobarico




APLICACAO DA 12 LEI DA TERMODINAMICA

TTTTTTT

TTTTTTT

aquecimento
isobarico

AE=Q-W
U2 _U1 :Q12 _W12




APLICACAO DA 12 LEI DA TERMODINAMICA

U, -U, =Q,, - W,, W=F-ax



APLICACAO DA 12 LEI DA TERMODINAMICA

U, -U, =Q,, - W,, W=F-ax

2 2
U2—U1:Q12—LP-dV:Q12—P-LdV



APLICACAO DA 12 LEI DA TERMODINAMICA

U, -U, =Q,, - W,, W=F-ax
2 2
U, - U, :Q12—LP-dV=Q12—P-LdV

Uz_U1 :Q12_P‘(V2_V1)



APLICACAO DA 12 LEI DA TERMODINAMICA

U, -U, =Q,, - W,, W=F-ax
2 2
U, - U, :Q12—LP-dV=Q12—P-LdV

Uz_U1 :Q12_P‘(V2_V1)



APLICACI\O DA 12 LEI DA TERMODINAMICA
U, -U, =Q,, - W,, W=F-ax
U, ~U,=Q, - [[P-dV=Q,, ~P- [ dV
U, -U;=Q, -P-(V, - V)
U, -U; =Q;;, -P,V, + PV,

Q;p =(Uy, +P,V,) = (U, +PV,)



APLICACAO DA 12 LEI DA TERMODINAMICA

U2 _U1 :Q12 _W12

2 2
uz—u1=Q12—LP.dV=Q12—P-Ldv

Uz_U1 :Q12_P‘(V2_V1)

Q12 —

(U, +P,V,)

(U; +P,V;)

!

entalpia 2

!

entalpia 1

W =F- Ax



APLICACAO DA 12 LEI DA TERMODINAMICA

def

HZ U+PV




APLICACAO DA 12 LEI DA TERMODINAMICA

def

HZ U+PV

Qp =(U, +P,V,) = (U, +PV,)



APLICACAO DA 12 LEI DA TERMODINAMICA

def

HZ U+PV

Qp =(U, +P,V,) = (U, +PV,)

Q, =H, —H,



APLICACAO DA 12 LEI DA TERMODINAMICA

def

H=U+PV

Q, =(Uy +P,V,) = (U + P V)
Q, =H, —H,

Q, =m-(h, —hy)

A entalpia pode ser interpretada como a quantidade
de calor transferido a pressao constante
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DIAGRAMA P x H DO CO,
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DIAGRAMA P x AH DOcaGQQdo no resfriador
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QUANDO O MODELO DE GAS PERFEITO
PODE SER USADO ?



O FATOR DE COMPRESSIBILIDADE DA AGUA
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O FATOR DE COMPRESSIBILIDADE DA AGUA

pas d’interaction
Newton, etc. ; . .
intermoleculaire

P = pRyssT

rea I@
P

Z def

pRgésT

Pressure (bar)

00000



O FATOR DE COMPRESSIBILIDADE GENERALIZADO

Pr 1,1

Z def
— 1,0
ergésTr Nl T=20 — L
P \Eh\ — 7
_ "\.\ . L —
P = P/Pcrit % > \\\\\ — —- - ?2/
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EXERCICIO RESOLVIDO: TUTORIAL REFPROP



Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo butano. Construa
um grafico mostrando a variacao da pressao com a temperatura.

. REFPROP (butane) - MNIST Reference Fluid Properties (DLL version 9,1)
File Edit Options Substance Calculate Plot Window Help Cautions

Select Fluid

acetone (propanone)

ammaonia

argon

benzene Cancel
carbon dioxide

carbon monoxide

cyclohexane Infa
cyclopentane

decane All fluidz
dimethylether (methoxymethane)
dodecane

ethane

ethanol (ethyl alcohol)

ethylene (ethene)

helium (helium-4})

heptane

hexane

hydragen (narmal)

hydrogen sulfide

isobutane (2-methylpropane)
isopentane (2-methylbutane) " Spnonym
kryptan = UM Murnber
methane
methanol

Select fluids

* Shart name

= Eull hame

{7 CAS number
= Chemical farmula




Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo butano. Construa
um grafico mostrando a variacao da pressao com a temperatura.
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Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo butano. Construa
um grafico mostrando a variacao da pressao com a temperatura.

- REFPROP (butane) - MIST Reference Fluid Properties (DLL version 9,1)
File Edit Options Substance Calculate Plot Window Help Cautions
-

10: butane: Saturation points (at equilibriurm) EI@
Liguid YWapor Liguid Vapor Liquid YWapor Liguid YWapor Liguid Vapor Liguid YWapor Liguid YWapor
Temperature | Pressure | Density Density Volume YWolume | Int Energy | Int. Energy | Enthalpy | Enthalpy | Entropy | Entropy Cp Cp Flow Exergy | Flow Exergy
Q {bar) (kgfm?) | (koim?) (m®ka) {mkg) ke | (kdko) | (kdfkg) | (edikg) | (kdfko-K) | (kdfkorK) | Gediko ) | tkdiko k) | dkdika) {kJfko)

1| 36000000 | 33795681 | 569.79835 | 5.4452854 | 0.0017863574 | 011540926 | 28611712 | 596,57181 | 28672084 | 636,558902 | 1.2966022 | 2,4283123 | 25059073 | 1.8762431 | 231.90283 | 24435164

2
13: butane: V/L sat. T=0, to 100, *C == =]
Liguid Wapor Liguid YWapor Liguid YWapor Liguid Yapor Liguid Wapor Liguid Vapor Liguid “apor
Temperature | Pressure | Density Density Yolume Yolume Int. Energy | Int. Energy | Enthalpy | Enthalpy | Entropy Entropy Cp Cp Flow Exergy | Flow Exergy
4] {har) {ka/m? | (ko/m?) (m*ka) (m*ka) (kdfkg) | (k) | (edfkg) | (kdika) | (kdfkg-k) | (kdfkork) | dedfkork) | fkdok) | (k) (k)
1] 0,00000000

2
3
4
5
[
7
8
L]
10
11




Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo butano. Construa
um grafico mostrando a variacao da pressao com a temperatura.
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Topico avancado: termodinamica de misturas

Um plus a mais ...
e




Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo uma mistura
bifasica de 60% butano e 40% propano (m3/m?3). Construa um grafico mostrando a variacao da
COMpOsSicao com a pressao @ T.. (Obs. o miniRefprop nao permite trabalhar com misturas.)

BB REFPROP - NIST Reference Fluid Properties (DLL version 8,1) BB REFPROP - NIST Reference Fluid Properties (DLL version 9,1)
File Edit Options Substance Calculate Plot Window Help Cautions File Edit Options Substance Calculate Plot Window Help Cautions

N Define Mixture
Select Units

Available fluids Selected mixture components
Dimenzion — Rezet Unit — Propertie: krypton butane

T H " 5l " Mass Basi.s methane 200 propane
~EMRErailre & Malar Basis methanol

Pressure Sl with Celsiuz | — Gl neon <-Remave Specify Mixture Composition

nitrogen

Yolume WMolar 51 | " Mass Basis nitrous oxide  (dinitrogen monoxide) Info Misture Mame b pane/propane
- * Molar Basig nonane —
ponent:

HMass/Hole octane Select Fluids

) — = Sum = 1,1000000 l—_l
Energy oxygen M0 S U Mole Fraction
B IAI parahydrogen

pentane

Sound Speed z I : _ butane 06
i ancel propylene (propene)
ixed | = | oropy 14 propane 04

Wizcosity R123 (2.2-di 1, 1-rifluoroethane)

: R1234yf (23,3 3-etrafluoroprop-1-ene)
o Endglish
Thermal Canductivity LI R1234ze(E) (trans-1,3.33-tetrafluoropropen

. " R125 (pentafluoroethane)
Suface Tension Unitless | R134a (1,1,1,2-tetraflucroethane)
R143a (1,1,1-trifluoroethane)
Fressure R152a (1,1-diflucroethane)
I~ Use Gage Pressure R22 (chlorodifluoromethane)
a 101325 bar R227ea (1,1,1,23,3 3-heptaflucropropane)
{= Barometric Pressure R23 (rifluoromethane)

" Elevation |D, m R245fa (1,1,1,3,3-pentafluoropropane)

R32 (diflucromethane)

I~ MHomalize composition to one

o | Comy addFld |

LCancel | Paste Bemove Fluid |

Store |




Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo uma mistura
bifasica de 60% butano e 40% propano (m3/m?3). Construa um grafico mostrando a variacao da
composicao com a pressao @ T.. (Obs. o miniRefprop nao permite trabalhar com misturas.)

i ~4 - 7bar

| U(HT

\ I N | I B \ [E O
0,100 1,00 10,0




Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo uma mistura
bifasica de 60% butano e 40% propano (m3/m?3). Construa um grafico mostrando a variacao da
composicao com a pressao @ T.. (Obs. o miniRefprop nao permite trabalhar com misturas.)

. REFPROP - NIST Reference Fluid Properties (DLL version 9,1} - [1%: Pressure vs. Volume plot: butane/propane (0,6/0,4)]
File Edit Options 5ubstance  Calculate Plot Window Help Cautions

37: butane/propane: T = 36, °C (0,6/0,4) EI@
Liquid Fhase |“apor Phase Liguid Phase | Liguid Phase |vapor Phase | Wapor Phase

Temperature| Fressure “olume “olume Yolume Cluality Male Frac. | Maole Frac. | Mole Frac. tdale Frac. bale Frac. | Mole Frac
] (bar) (méfkrnol) (médkrnol) (rn®fkmal) (krnalfkmal) (hutane) [propane) (butane) (propane) (butane) (propane)
1¢ 36000000 4000000000 Infinite Superheated Infinite Superheated | 0,60000000 | 0,40000000 | Superheated | Superheated | 0,60000000 | 040000000
2| 36000000 | 050000000 | 50879111 | Supetheated | 50879111 | Supetheated | 0,60000000 | 040000000 | Superheated | Supetheated | 0.60000000 | 040000000
3| 36.000000 | 1.0000000 | 25169549 | Superheated | 25169549 | Superheated | 0,60000000 | 040000000 | Superheated | Superheated | 0.60000000 | 040000000
4| 36.000000 | 15000000 | 16595890 | Superheated | 165895830 | Superheated | 0,60000000 | 040000000 | Superheated | Superheated | 0.60000000 | 040000000
5| 36.000000 | 20000000 | 123060168 | Supertheated | 12306018 | Superheated | 0,60000000 | 040000000 | Superheated | Superheated | 0.60000000 | 040000000
G| 36000000 | 25000000 | 97294925 | Supertheated | 97284925 | Superheated | 0,60000000 | 040000000 | Superheated | Superheated | 0.60000000 | 040000000
7| 36.000000 | 3.0000000 | 8.00945828 | Superheated | 80094828 | Superheated | 0,60000000 | 040000000 | Superheated | Superheated | 0.60000000 | 040000000
G| 36000000 | 35000000 | B7787575 | Supetheated | 677687575 | Superheated | 0,60000000 | 040000000 | Superheated | Superheated | 0.60000000 | 040000000
9| 36000000 | 40000000 | 5.8536819 | Superheated | 5.8536819 | Superheated | 0,60000000 | 040000000 | Superheated | Superheated | 0.60000000 | 040000000
10] 36000000 | 45000000 | B 1322167 | Supetheated | 51322167 | Supetheated | 0.60000000 | 040000000 | Superheated | Superheated | 0.E0000000 | 040000000
11§ 36000000 | 48369134 | 47280767 010149686 4.7290767 1,0000000 § 060000000 | 0,40000000f 0,82077075 017922925 | 060000000 | 0,40000000

vazio
12| 36000000 | 50000000 | 39770135 010125039 | 486R2185 | [0.86823272 | 060000000 | 040000000 | 080126356 | 019873644 | 056948525 | 0.43054475
13| 36000000 | 55000000 | 23369649 010051163 | 41226283 | (0.66GR3724 | 060000011 | 039999959 | 074206243 | 0,25793757 | 048680131 | 0.51319864
14| 36000000 | 60000000 | 1.2486968 | 0099797833 | 3.7528609 | 0.31450291 | 060000026 | 039999974 | 0.68372440 | 031627560 | 0.41751340 | 0.58248660
15| 36000000 G.5000000 | 042600753 | 0093108622 34392367 0097870173 | 060000001 | 0,39999999 | 0.62619967 0.37380033 0.35850161 064149839
cheio
16 36.000000 6.7300119 | 0.085799789 § 0095799789 33103953 0.00000000 § 060000000 | 0400000004 0.60000000 0.40000000 0,33417191 0.6EEE2E09
17| 36000000 70000000 | 0083787464 | 0.093737464 | Subcooled Subcooled | 060000000 | 0,40000000 | 0.60000000 0.40000000 Subcooled | Subcooled
18| 36000000 75000000 | 0,098764687 | 0.093764657 | Subcooled Subcooled | 060000000 | 0,40000000 | 060000000 0.40000000 Subcooled | Subcooled
19| 36000000 5.0000000 | 0098741973 | 0.0937401973 | Subcooled Subcooled | 060000000 | 0,40000000 | 060000000 0.40000000 Subcooled | Subcooled
20| 36000000 | 85000000 | 0098719322 | 0,096719322 | Subcooled | Subcooled | 060000000 | 040000000 | 060000000 | 040000000 | Subcooled | Subcoaoled
21| 36000000 | 90000000 | 0098696734 | 0098696734 | Subcooled | Subcooled | 060000000 | 040000000 | 060000000 | 040000000 | Subcooled | Subcooled
22| 36000000 | 95000000 | 0098674207 | 0.098674207 | Subcooled | Subcooled | 060000000 | 040000000 | 060000000 | 040000000 | Subcooled | Subcooled
23| 36000000 | 10000000 | 0098651742 | 0098651742 | Subcooled | Subcooled | 060000000 | 040000000 | 060000000 | 040000000 | Subcooled | Subcooled




Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo uma mistura
bifasica de 60% butano e 40% propano (m3/m?3). Construa um grafico mostrando a variacao da
composicao com a pressao @ T.. (Obs. o miniRefprop nao permite trabalhar com misturas.)
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Exercicio resolvido: determine a pressao interna num isqueiro de bolso contendo uma mistura
bifasica de 60% butano e 40% propano (m3/m?3). Construa um grafico mostrando a variacao da
composicao com a pressao @ T.. (Obs. o miniRefprop nao permite trabalhar com misturas.)

(B3 REFPROP - NIST Reference Fluid Properties (OLL version 1) - [1%: Pressure vs. Volume plot: butane/propane (0,6/0.4)]

file Edit Options

Substance Calculate Plot

Window Help Cautions

37: butane/propane: T= 36, *C (0,6/04) (=8 EcR =]
Liquid Phase |Vapor Phase Liquid Phase | Liquid Phase | Vapor Phase|Vapor Phase
Temperature| Pressure Volume Volume WVolume Quality Mole Frac. | Mole Frac. | Mole Frac. Mole Frac. Mole Frac. | Mole Frac.
(bar) (m?/kmal) (m?/kmal) (m%kmol) (kmolfkmol) (butane) | (propane) (butane) (propane) (butane) (propane)
1] 36.000000 | 0 Infinite Infinite 0 0,40000000 Sup [ 0.40000000
2 36,000000 | 0, 50879111 50,8791 0, 0,40000000 [ 0,40000000
3] 36,000000 | 10000000 | 25169549 25169549 0 0,40000000 0 0,40000000
4| 36,000000_| 15000000 | 16,595830 heated | 16,595830 0, 0,40000000 [ 0,40000000
6 35000000 | 20000000 | 12306018 12,306018 0, 0,40000000 [ 0,40000000
6| 36000000 | 25000000 | 87234325 heated | 8.7284325 [ 0,40000000 [ 040000000
7| 36.000000 | 3.0000000 | 6,0094828 perthected | 5.0034828 | Sug 0, 0,40000000 | Sup [ 040000000
8| 36000000 | 35000000 | 6.7787575 i | 67787575 0. 0,40000000 ur 0. 0,40000000
9| 36000000 [ 40000000 | 5.8536819 heated | 58536813 0, 0,40000000 t d h d | 0 0,40000000
70| 36,000000 | 45000000 | 51322167 51322167 | Superhested | 0,60000000 | 0,40000000 | Superheated | Superheated | 060000000 | 040000000
vazio 11] 36000000 | 48369134 | 47230767 ] 0.10149686 | 47230767 | 1.0000000 ] 0.60000000 | 0.40000000 0.62077075 | 0.17522925 | 0.60000000 | 040000000
12| 36000000 | 50000000 | 34770135 | 010125038 | 45652185 | 086823272 |0, 0,40000000 | 080126356 | 019873644 | 0.56945525 | 043054475
73| _36,000000 23389699 | 010051163 | 41226283 | 055653724 | 060000011 | 0,39993389 0,48680131 | 051319869
14 3 0 1,2436968 | 0,095797633 | 37526600 | 031450291 | 0.6OD000Z6 | 0,39399974 041751340 | 0.56248660
75 36000000 | 65000000 | 042600753 | 0.099108622 | 34392367 | 0097870173 | 060000007 | 0,39993999 | 062619967 0,35850161 | 064149839
cheio 16) 36,000000 [ 67300119 | 0.093799789 § 0.098799783 | 3.3103953 0.00000000 | 0,60000000 | 0,40000000} 0.60000000 0,40000000 [ 0.33417191 [ 0.66582809
17| 35000000 | 70000000 | C.0AB76/464 | 0,098767464 | Subcooled | Subcooled | 0. 0,40000000 | 060000000 | 0.40000000 | Subcooled | Subcooled
18] 36.000000 | 7.5000000 | 0.098764687 | 0.098764687 | Subcooled | Subcooled |0, 0,40000000 | 0.60000000 0,40000000 | Subcooled | Subcooled
15| 35000000 | 80000000 | 0,038741973 | 0,098741973 | Subcooled | Subcooled |0, 0,40000000 | 060000000 | (0,40000000 | Subcooled | Subcooled
20| 35,000000_| 85000000 | 0,038719322 | 0,098719322 | Subcooled | Subcooled |0, 040000000 | 060000000 | 0,40000000 | Subcooled | Subeooled
21| 35000000 | 90000000 | 0,098696734 | 0,098696734 [ 0,40000000 | 060000000 | 0,40000000 | Subcooled | Subcool
22| 35,000000_| 85000000 | 0,038674207 | 0,098674207 | Subcooled | Subcooled |0, 040000000 | 060000000 | 0,40000000_| Subcooled | Subcooled
23] 36,000000 | 10,000000 | 0,098651742 | 0,098651742 [ 0,40000000 | 060000000 | 0,40000000 | Subcooled | Subcool

(bar)

pressao

15,0
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Q#4: GLP (gas de cozinha) é

V4

comercializado em botijoes de 13kg. E
possivel utilizar um mandmetro para

monitorar a variacao de
peso do botijao?

A) Sim, porque as paredes do botijao nao se dilatam...
B) Nao, porque as paredes do botijao se dilatam...

C) Sim, porgue a pressao depende da composicao...
D) Nao, porque as calotas polares estao se derretendo...

E) Nao, porque a fase liquida é estavel...



SEPARADORES INDUSTRIAIS: EVAPORACAO/LIQUEFACAO FRACIONADA

> ~100% A

A = mais volatil
B = menos volatil >

A+B
! | A+B |
» ~100% B




Tutorial: analise de um sistema de evaporacao de caldo
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