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Formas microscopicas
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Termodindmica — efeiltos da transferéencia de calor no
estado de uma substancia

Transf. de Calor —» taxas de fransferéncia de calor entre
dois sistemas
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Transferéncia de energia via calor

Dois sistemas em contato térmico
a temperaturas diferentes tfendem
a equalizar seus niveis de
agitacao molecular...
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Transferéncia de energia via calor

HeatConduction

Dois sistemas em contato térmico
a temperaturas diferentes tfendem
a equalizar seus niveis de
agitacao molecular...
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Lel de Fourier (conducdo de calor)

A dT
dx

K = condutibilidade térmica (W/m/°C)

q-g—_kﬂ
A dx

g = fluxo de calor (W/m?)
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Lel de Fourier (conducdo de calor)
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conducdo de calor em meio 3D
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Inventdrio de energia: eq. de conducado
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Inventdrio de energia: eq. de conducado
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Exemplo de Aplicacado
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Formulacdo do problema aplicado:
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T=T(X) |cond @P=cte

convecgao .
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T=Tcond(x)
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+ Condicdesde contorno

Diferencas finitos...
Elementos finitos...
Efc...

T=T||’q



RESOLVEN

DO UM PROBLEMA SIMPLIFICA

DO...



dT . d°T .
. =0-> k-V2T+qrad:O—>k-d7+qrad=O

dy y=Lag /2

C

00 U0 O O O N T T A4

Graa = &0(T* = T2)/(e/2)



o d*T .
. =0—> k-VT+(Qq=0->kK-—5+(q =0
dy y=Lag /2 dx

_______ SR 0 O O N N O T T O O N B

A D

: 4 4 50% do volume
qrad = SG(T — Too ) / (e / 2) <« !rrc?_diadna diregdo
indicada
radiacao emitida \ radiacao
para o do recebida do
espaco @ T espaco @ ~4K




2 2
k9T 2o /e(T - T4 > k-9 son ,/e(T-T,)=0
dx dx

C

00 U0 O U O O O T T T N

h.g=eo(T, +T)T:+T?)

_ T.
h  =——2° T+ TYT2 4+ T2)dT
w0 =gy, (T DT




200,

150,

100,

50,0

0,000

50,0

< fase

gasosa

SN

30, bew25, b0, bew 15, bew /1-]. ber

2,00

4,00

Entropy (kl/kg-K)

5,00

8,00



200,

150,

100,

50,0

0,000

50,0

SV
/

P.om=10bar

2,00

4,00

Entropy (kl/kg-K)

5,00



h

ad — (T, +T)T2+T?)

€0
15-10° = | | | —
1100 |- § ]
' T, = 200K '
510 —
; ] | | | ;
280 300 320 340 360 380

Th’q Tgés



]

_ ia 2 h.4(T.) B 293 —
Mo = Tgés - j (T TUTZHTAT o Fet s [ (T # T(T7 + T2)dT
haa(T..) | | | .
eo
810"

6-10

. 293j (4+T) 42+ T2)dT =3.791.10°K? «

2-10 i
0 50 100 150 200

Ak Tinf




T(X) A

d*T
'd7+2hrad/e(T_Too):O

Tgés

_ — W
hrad:86.3.79].]o7 —> rad:2.]53m2K

emissividade proxima JL constante de Stephan-Boltzman

de 1 por construcao... = 5.67-108 W/m?/K*

Conditions of heat transfer WAm'K)
Gases in free convection 5-37
Water in free convection 1001200
Oil under free convection 50-350
W Gas flow in tubes and between tubes 10-350
k — 237 - e — 2 Cm Water flowing in tubes 500-1200
AI Oil flowing in tubes 300-1700
m K Molten metals flowing in tubes 200045000
Water nucleate boiling 2000-45000
Water film boiling 100300
Film-type condensatior of water vapor 400017000

Dropsize condensation of water vapor 30000140000
Condensation of organic liquids 500-2300
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Duas possibilidades:

d“T
k.d7+2hrad/e(T_Too):O

LT o T = (2h T
d7+( aa/€) T=(2h,/€)-T,

1) Problema especificado em x=0 e x=L, resultando no fluxo de calor
maximo na linha de simetria do painel (sistemade egs.) — sugestdo...

2) Problema especificado completamente em x = 0, determinando o
fluxo maximo de calor que resulta em uma femperatura de saida
dentro do especificado (desacopla o sistema de equacoes)



Duas possibilidades:

d“T
k.d7+2hrad/e(T_Too):O

LT o T = (2h T
d7+( aa/€) T=(2h,/€)-T,

1) Problema especificado em x=0 e x=L, resultando no fluxo de calor
maximo na linha de simetria do painel (sistema de egs.) — sugestao...

2) Problema especificado completamente em x = 0, determinando o
fluxo maximo de calor que resulta em uma temperatura de saida dentro

do especificado (desacopla o sistema de equacoes)
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Imposicao de condicoes de contorno em x = O:
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Radiador International

Arquivo [ECEETREAUTSEIMM Inserir  layoutdaPagina  Formulas  Dados  Revisie  Exibir  Q Diga-meo quev
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C‘i'” -%::ZL;FDWEHESO I s - - D A~ = 3= [ Mesclar e Centralizar B2 - 06 00 55 98 g;:::f:f,:f_ FW";:;:;?"W Célula Vincu... Nota ; In: 'em E)(:'Iuir Formatar ?E’::;:E" fila:lst\’::avr S\:::I\li)z:arre'
Area de Transferéncia ] Fonte Alinhamento 1] Mumero ) Estilo Células Edigio
B7 - S 0,02
A B | C |D]| E F G H | | J K L N O P Q R
1 |hrad 2,153 W/m2/K n X a b c Tn
2 |k 237 W/m/K 0 0,00 3,028384E-04  -1,000393E+00 2 353,00
37 e 0,0185 m 1 0,02 3,028384E-04  1,000393E+00 2 352,92
4_ dx 0,2m 2 0,04 3,928384E-04  1,000393E+00 2 352,69 380.00
5_ Tgas 353 K 3 0,06 3,928384E-04  1,000393E+00 2 352,33
67 q0 1000 W/m2 4 0,08 3,028384E-04  1,000393E+00 2 351,84 370,00
77 dx 0,02 m 5 0,10 3,028384E-04  1,000393E+00 2 351,20
8 | Tinf 4 K 6 0,12 3,928384E04  1,000393E+00 2 350,42 360,00
97 Ltotal 0,6 m 7 0,14 3,028384E-04  1,000393E+00 2 349,51
10 | 8 0,16 3,928384E04  1,000393E+00 2 348,46 350,00
1 1_ 9 0,18 3,928384E-04  1,000393E+00 2 347,27
127 10 0,20 3,028384E-04  1,000393E+00 2 345,95 340,00
13L 11 0,22 3,028384E-04  1,000393E+00 2 344,49 330,00
147 12 0,24 3,028384E-04  1,000393E+00 2 342,89 ’
157 13 0,26 3,028384E-04  1,000393E+00 2 341,16 320.00
16_ 14 0,28 3,928384E-04  1,000393E+00 2 339,29
17 | 15 0,30 3,928384E-04  1,000393E+00 2 337,29 310,00
18_ 16 0,32 3,928384E-04  1,000393E+00 2 335,15
1E-L 17 0,34 3,028384E-04  1,000393E+00 2 332,89 300,00
ZEL 18 0,36 3,028384E-04  1,000393E+00 2 330,49
ZL 19 0,38 3,028384E-04  1,000393E+00 2 327,96 290,00
22_ 20 0,40 3,928384E-04  1,000393E+00 2 325,30
23_ 21 0,42 3,928384E-04  1,000393E+00 2 322,51 280'000 0 010 0.20 0.30 040 050 060
24 | 22 0,44 3,928384E-04  1,000393E+00 2 319,59 ! ! ! ’ ! ! !
ZEL 23 0,46 3,028384E-04  1,000393E+00 2 316,55
267 24 0,48 3,028384E-04  1,000393E+00 2 313,38
27; 25 0,50 3,028384E-04  1,000393E+00 2 310,09
ZEL 26 0,52 3,028384E-04  1,000393E+00 2 306,68
29_ 27 0,54 3,928384E-04  1,000393E+00 2 303,14
30_ 28 0,56 3,928384E-04  1,000393E+00 2 299,48
SL 29 0,58 3,028384E-04  1,000393E+00 2 295,70
32, 30 0,60 3,028384E-04  1,000393E+00 2 291,81 -
33




-

2hiodX ]J _2:2.153-(0.2)°

2h4AX>  2-2.153-(0.2)°

=3.634-107°
ke 237-0.2

1=-1.0004

ke 237-0.2
c=2

a-T, +bT +cT ,—> T,

380,00

370,00

360,00

350,00

340,00

330,00

320,00

310,00

300,00

290,00

280,00

0,00

0,10

0,20

0,30

0,40

0,50

293.7K

0,60

0,70



€3 NASA Jet Propulsion Labors X == = a X

€ ©® @ htps youtube.com/channel/UCryGec9PdUCLjpJW2mgCuly c "B ¥ AR & =
3 YouTube **

LIBRARY

D) History

() Watch later

]|

TooMuchHeaven

Curso de Energia...

v Show more

SUBSCRIPTIONS

A Emmasaying .
= NASA Jet Propulsion Laboratory @ e
e 0s Pingos nos Is 29 2 subscribers
¥ Khan Academy HOME VIDEOS PLAYLISTS CHANNELS DISCUSSION ABOUT
B MIT OpenCour...
Voyager Mission 40th Anniversary RELATED CHANNELS
@ Morning Show
& NAsA
C} sematronusp
SUBSCRIBE
@ QueenVEVO . .
. What's Up for October 2017 Farewell to Saturn: Highlights 0 JPLraw
@ Aerosmith - Topic = from the End of NASA's
SUBSCRIBE
@ Manual do Hom...
.9,. NASA Goddard
2L NASA Jet Propu...
SUBSCRIBE
Roda Viva Uploads  PLAY ALL

Sesame Street s Scishow Space

SUBSCRIBE

DIE ANTWOORD... @ space videos

SUBSCRIBE

@
@ ™
2
-]

Jazz and Blues . Voyager Mission 40th What's Up for October 2017 Volcanologist's Paradise (live Farewell to Saturn: Highlights NASA Recap: Saturn End of
Anniversary R public talk) from the End of NASA's Mission

° NASA.gov Video

AT =

PTB2 19/10/2017



