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Como explicitar a vinculacao entre diferentes
propriedades termodinamicas para uma
“substancia material” genérica ?
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- 0O que sdo “substancias materiais” ? .
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Demonstracao do uso de “tabelas eletronicas”...

Go g|e refprop mini X = Q
[B# REFPROP (water) - NIST Reference Fluid Properties T R —

File Edit Options Substance Calculate Plot Window Help Cautions

Q Todas ¢ Shopping [ Videos [ Imagens [ Noticias § Mais Configuragbes  Ferramentas

=
Aproximadamente 22.200 resultados (0,46 segundos) 2: water V/L sat. T=0,02 to 370, °C EI@ water - H20 (CAS# 7732-18-3) — E
a3 phaze
hitps:/itre.nist.gov > MINIREF = Traduzir esta pagina o o o - Molar mass Triple pt. temp. Marmal bailing pt. dipale at MEP
mini-REFPROP - NIST Liquid | “apor | Liquid | Wapor | Liguid | “apor | [ [emSkakmal | o0 C [ aracT [ 1,855 debwe
- Temperature | Pressure | Density | Density | Enthalpy | Enthalpy| Entropy | Entropy
5 de fev. de 2020 — The mini-REFPROP program is a free sample version of the full ('C) {han) (ke (kgyfrie) (kJike) fkdyka) (ke K) | (kg _ Ciiioal Point
REFPROP program (located at www.msl.g‘ovfsrdfrefprop) and is meant for use ... Temperature Presssure Densiy el (el
Vocé ja visitou esta pagina varias vezes. Ultma visita. 01711720 1| 0020000 | 0.0061210 99979 | 00048579 | 0.042811 | 25009 | 0,00015445 | 91552 s e [ kg | [ 03
2 5.0200 00087379 | 999,92 | 00068112 21104 | 25101 0.076556 | 90243
https:/irefprop-mini software.Informer.com ~ Traduzir esta pagina 3 10.020 0,012295 | 99965 | 00094190 42106 | 25192 015138 £.8993 - Range of applicabiliy
REFPROP Mini Download - The mini-REFPROP programis a ... 4| 15020 | 0017080 | 999,06 | 0012857 | 63065 | 25284 | 022475 | 87798 Wi T Modmming — Welnmeesswe Mainmdsl
14 de fev. de 2021 — REFPROP Mini (REFPROPEXE). The mini-REFPROP program is a 5 20.020 0023422 | 99816 | 0,017334 | B3.998 | 25375 0.79677 6655 | 0.m°c | 172.a°T | 10000, bar | 13324 kgim
e M RO e e e ez 6 25020 0031737 | 997.00 | 0.029107 10491 25465 0.36751 85562 MIST Rec: FEQ Helmhaltz equation of state for water of Wagner and Pruss [2002] |
3 5 hd
_ ) 7 30.020 0042578 | 996,60 | 0030445 | 12682 | 25566 0.43703 84516 LITERATURE REFERENCE N
htips:iirefprop-mini software informer com » .~ Traduzir esta pagina B| 35020 | 0056352 | 99398 | 0.039716 | 14672 | 25646 | 050540 | 8.3513 wagner, . and Pruss, 4., , , ,
REFPROP Mini 9.1 Download {Free) - REFPROP.EXE o] 40020 | 0073928 | 99217 | 0051294 | 167.6¢ | 25735 | 067267 | B.2552 | gpl S e en e le o Vet remsto e ieo el Dty H
14 de fev. de 2021 — REFPROP Mini 9.1 ... The mini-REFPROP program is a sample version 0 45,020 0.096049 | 99016 | 0.0B5625 | 188,62 | 25825 0.63880 81630 | - I Phys, Chem. Ref, Data, 31(2):387-535, 2002,
of the full REFPROP program and is meant for use as a teaching tool in the .
Avaliacdo” 3.9 - 28 votos - Gratuito - Windows The uncertainty in density of the equation of state iz 0.0001 % at 1 atm
. in the liquid phase, and 0.001% at other liquid states at pressures up
L [l S E 2 B i EI@ to 10 MPa and temperatures to 423 K. |n the vapor phase, the uncertainty i
[} Videos
£y F T T T ! TIARO00IE00 B0 0 [ ] I Equation of State Wizcogity | Thermal Conductivity |
MINI-REFPROP - Como baixar, instalar e usar.. 500 :_ _: Surface tenzion | Melting Line | Sublimation Line |
YouTube - Professor Cleyton C ]
17 de mai. de 2020 —_ C ] Ok I LCancel | Print | Copy Copy &l |
I 400, 3
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i 300, — i
YouTube - Randall Manteufel 5 E ]
23 de set. de 2020 g E ]
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Demonstracao do uso de “tabelas eletronicas”...

GO g|e thermedynamic properties calculator X = Q

Q Todas [ Imagens [E Noticias [J Videos ¢ Shopping i Mais  Configuragbes  Ferramentas

Aproximadamente 640.000 resultados (0,54 segundos) @ steam Tables Online -

€)= C o 0)

teamtablesonline.com 140% | eee w ¥ In@D O =

hitps:/firc.wisc.edu » properties ¥ Traduzir esta pagina

The Industrial Refrigeration Consortium is a collaborative ...
This complimentary calculator is provided for all fo use but it receives minimal ... If you require
a reliable source of thermodynamic properties, we recommend ...

o s o T s STEAM TABLES ONLINE

Steam Tables Calculator - Steam Tables Online

Calculate online thermodynamic and transport properties of water and steam, based on + INCLUDES FREE STEAM TABLES CALCULATOR - BASIC PACKAGE €
industrial (IAPWS-IFOT) or scientific (JAPWS-95) formulation. Mollier ...
« FORMULATIONS: INDUSTRIAL (IAPWS-IF97), SCIENTIFIC (IAPWS 95) 7% Heme
https:/www.peacesoftware.de » was... ~ Traduzir esta pagina Introduction
Online calculation of properties of water and steam « MOLLIER DIAGRAMS, STEAM TURBINE, FLASH EVAPORATOR e e
The following thermodynamic properties are calculated: density water, dynamic viscosity _ ‘
water, kinematic viscosity water, specific inner energy water, specific i FERECTIES DR ERIELE I Gral s Services
« SUPPORT FOR MOBILE PLATFORMS User Settings
https://direns.mines-paristech.fr> a. + Traduzir esta pagina Featureiivides
Applet: Calculator of thermodynamic properties - Online ... v SAVE DATA TO EXCEL, CSV OR OPEN OFFICE FILE FORMAT e

Applet: Calculator of thermodynamic properties - 1) select the type of fluid you wish to
calculate (ideal gas or vapor) - 2) select the fluid name. Recommended Browsers

E RUN CALCULATOR
& Calculator 4T

@ Help Calculator

https://app knovel.com» . + Traduzir esta pagina

Knovel Steam Calculators Home Page
Knovel's steam calculators provide a full implementation of the 2012 cumulative update to
IAPWS Industrial Formulation 1997 for the Thermodynamic Properties ...

B RUN SPREADSHEET

&5 Spreadsheet

@ Help Spreadsheet
& Free Books

& Free Gadgets

B Videos

% Power Generating Capacity
Maps




Como os dlagramas de estado sao
O construi‘ios g




Fases de uma substancia pura: aquecimento a P=cte

u

v’ Fase solida: seu volume tem forma propria

v’ Fase liquida: ocupa parcialmente o volume do recipiente

v Fase gasosa: ocupa totalmente o volume do recipiente




Construcao empirica do diagrama de equilibrio
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Diagrama de equilibrio da agua (Refprop)

water

°C

500,

400, —

300, —

200,—

100,

T 7 T 7T

‘500, bar,.~"450 bar 400, bar ‘350, bar

AR,

300, bar 250, lar

/

200, ar

I/

150, bar

w/
100, Ber,

| /|
50, bar

0,00100

0,0100



Diagrama de equilibrio do CO, (Refprop)
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Fases de uma substancia pura, pressurizacao a T=cte
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Meio com capacidade

infinita de absorver de calor, i.e
absorve calor sem alterar sua
temperatura.
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~ Exemplo de aplicaco-pratica? =
o PO 6 SRR EIpranica s . +




Sistema de

extracao com g

~ COFFEE

CO, supercritico

4




Producao de scCO2: aquecimento isocorico (v=cte)
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V= Vliq + Vvap




Variacao de p;;, € p,,, COM a pressao e a temperatura...

REFPROP ({carbon dioxide) - NIST Reference Fluid Properties

File Edit Options Substance Calculate Plot Window Help Cautions
Bl 11: carbon dioxidedrho = 500, kg/m® o[- B ||
Ligquid “apor Ligquid “apaor
Temperature |Fressure| Density | Density | Density YWalume | “olume “alume
(C (bar) | teog/m®) | (egfm® | (kofr®) [ mdfkg) | (ko) | (i)
1 14,000 49,6558 | 500.00 | 829.70 15511 0.0020000 | 0,0012053 | 00064472
2 15,000 B0/ | BOO.0O0 | 821,21 160,73 | 0,0020000 | 0,0012177 | 0.0062216
3 16,000 52108 | 500,00 | 81241 1BE.kE | 0.0020000 | 0.0012305 | 0.0060003
4 17,000 53.3k5 | 500,00 | 80327 172,93 | 0,0020000 | 0,0012445 | 0.00575828
] 18,000 54651 | 500.00 | 79376 179,57 | 0.0020000 | 0.0012595 | 0.0055k88
b 159,000 55,955 [ HO0.00 | 783.81 166,64 [ 0,0020000 | 0,0012755 | 00053575
7 20,000 57291 | 500.00 | 773.34 194,20 | 0.0020000 | 0.0012930 | 0.0057493
5 21,000 ha.b45 | 500.00 | 76240 202,32 | 0.0020000 | 0.0013176 | 0.0043427
4 22,000 B0.031T | 500.00 | 76077 211,08 | 0.0020000 | 0.0013320 | 0.0047375
10 23,000 k1,440 | 500.00 | 738.36 220.k2 | 0.0020000 | 0.0013543 | 0.004532k
11 24,000 k2,877 | 500,00 | 72602 231,10 | 0,0020000 | 0,0013793 | 00043272
12 25,000 k4342 | 500,00 | #1050 242,73 | 0.0020000 | 0.0014075 | 0.00411495
13 26,000 bh.837 | 500,00 | 694,46 2hb.86 | 0,0020000 | 0,0014400 | 0.0033083
14 27,000 k7,361 | BO0.00 | 67R.36 271.01 0.0020000 | 0,0014785 | 00036598
15 28,000 k918 | 500,00 | 65523 289,11 0,0020000 | 0,0015267 | 00034589
16 29,000 70509 | 500,00 | B29.36 312,03 ] 0,0020000 | 0.001585% | 0.0032048
17 30,000 72137 | 500,00 | 593.31 34510 | 0.0020000 | 0.0016855 | 0.0028977
18 30,963 /3,748 | 500.00 | 500.00 437.72 | 0.0020000 | 0.0020000 | 0.002254k
149 31,000 /3,812 | 500,00 | 500,00 | Undefined | 0,0020000 ( 0,0020000 | Undefined
20 32,000 75,609 | 500,00 | 500,00 | Undefined | 0,0020000 ( 0,0020000 | Undefined -




Variacao de pj;, € p,,, COM a pressao e a temperatura...
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Producao industrial de graos de café descafeinado
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O que sdo as fases de uma substancia?




Diagramas de equilibrio
solido-liquido-vapor

o
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&

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
March, 1999
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. poei

B Ay
A

Camada superficial de CO2 forma-se no inverno e
sublima “explosivamente” no verao. Isto gera ventos
de ~400km/h que transportam particulas do solo,
transportando-as por todo o planeta. (Mars
Reconnaissence Orbiter)
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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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Superficie P x v x T
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Diagrama Pressao x Temperatura
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Diagrama Pressao x Temperatura: dioxido de carbono
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Formacao de neve de dioxido de carbono em Marte

INATIONAL
GEOGRAPHIC
CHANNEL

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



de um processo... .

- Exemplo de andlise
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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

| Vepitable bxtrait de Viapde LIEBIC  BU ISt ssmmmiies = o

e o5




Aplicacao da 12 lei da termodinamica

11T

aquecimento
isobarico




Aplicacao da 12 lei da termodinamica

TTTTTTT

squecmerto
B AE=Q-W

Uz _U1 :Q12 _VV12



Defmlgao de uma nova proprledade
(o Rl termodlnamlca . |




Aplicacao da 12 lei da termodinamica W =F- Ax

U2 _U1 :Q12 _W12

! !
entalpia 2 entalpia 1



Aplicacao da 12 lei da termodinamica

HY U+ PV

W =F.AX

TTTTTTT

.......

TTTTTTT



~ Exemplo de aplicacdo da-entalpia... .




Diagrama P x h do CO,
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Diagrama P x h do CO,
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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 variagao da pressao com a temperatura.

f
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[ R | [ 1
0,0100 0,100
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22




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 ...
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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
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)
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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.)
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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.)

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 | (.66GR3724 | 060000011 | 039999959 | 074206243 | 0,25793757 | 048680131 | 0.51319864
14| 36000000 | BO000DDO0 | 12486968 | 0099797833 | 3.7528609 | 031450291 | 060000026 | 039999974 | 06372440 | 031627560 | 041751340 | 0.56248660
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 Calculste Plot Window Help Cautions

37: butane/propane: T= 36, *C (0,6/04) oo =
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)
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SEPARADORES INDUSTRIAIS: EVAPORACAO/LIQUEFACAO FRACIONADA

> ~100% A

A = mais volatil
B = menos volatil >

A+B
! | A+B |
» ~100% B




T e iHo cre e i
e e e e
S s mare
2

l‘lll
El BAA
4 ﬁQn;
qu;
6 :unl.l
E;...;.’
8 .uu
Inn'

Feed * % i)
10 AaBH

El BRA
12 .t.nu
Iu;a.
14 :uu.l

3

=

pur}

=y

E
B
:
i

W W WY

REFLUX
DRUM

= 2 & i

w

(T

CONDENSER

o

b [

par

af

Distillate
=) product

* product



&3 Paulo Seleghim - YouTube X = =+ — X

" JIOX-] www.youtube.com/pseleghim & C€search w B8 $F A =

YDUBR : O\ Upload ‘n @ =

2,992 subscribers ilil 279,004 views & Video Manager

Home

My Channel

e @ >

Trending

Subscriptions 1

»d

History

e

Watch Later

LIBRARY

—: Curso de Energias Re...

=: Trocadores de Calor- ...

= Curso de Modelagem ... Paulo Seleghlm View as: Yourself ~ ¢

Show more

Home Videos Playlists Channels Discussion About
SUBSCRIPTIONS

3% Khan Academy 23 ;
For returning subscribers For new visitors Channel tips
ﬂ QueenVEVO 19
O Filming on your
“#s OsPingosnosls.. 11 What to watch next phone
Roda Vi 1 , . T - O improving
oda Viva SRS ST DR U tAs e _— Centrais de Geracgo Edlica e s com Carros Hibridos: Eficiéncia Energética no Setor Content ID
ﬁ Aerosmith - Topic - Hidrelétrica &_ : de Tra nsportes
by Paulo Seleghim 117 views - . S Pa.u[o Seleghim View all »
H Sesame Street 6 Streamed 2 weeks ago W g 199 views Streamed 2 weeks ago
BB Stanford Precour... 5 st sesmscmaien T4 EXERGIA QUIMICA 2/3
by Paulo Seleghim None
n StarTalk Radio 5 e e P 108 views Streamed 3 weeks ago
B + Add channels
B¥ pEANTWOORD .. 4 - e il
Matando Robé 4 et - e i T4 ANALISE EXERGETICA: Trabalho Minimo
ﬁ Etanda Robos:... . = . _— i em Processos de Separagao 2/3
B TheAlmanBrot. 3 MM 01 a2 04 10 2w 4w mo A : e by Feniin Seleghisn Related channels
i 1+ 0. L8 B i med 1 month ago
v ! b 150 views Streame g
E World Science Fe... 3 e ) ﬂ ms Me Salva!
v

Subscribe

10:37

06/11/2016 51



FENOMENOS DE TRANSPORTE

estados
da materia

aula 02/12



	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
	Número do slide 58
	Número do slide 59
	Número do slide 60
	Número do slide 61
	Número do slide 62
	Número do slide 63
	Número do slide 64
	Número do slide 65
	Número do slide 66
	Número do slide 67
	Número do slide 68
	Número do slide 69
	Número do slide 70
	Número do slide 71
	Número do slide 72
	Número do slide 73
	Número do slide 74
	Número do slide 75
	Número do slide 76
	Número do slide 77
	Número do slide 78
	Número do slide 79
	Número do slide 80
	Número do slide 81
	Número do slide 82
	Número do slide 83

