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EQUACOES GOVERNANTES DE UM TROC. E CALOR A CORRENTES PARALELAS

configuragdo: correntes contrarias ou contracorrentes

cede calor
T
q . . A
Teq >qu dQ = —quhq = _quPC[dTC[ — Q — qupq (Teq — qu)
o
Tsr € T,y dQ = UdA(T, — T¢) - - e
Ty recebe calor

(Teq — Tsr ) — (qu — Tey ) —U AT, — AT,

..Q =UA

A
In (—Teq — Ly ) In (ﬂ)
Tsq — Ter AT,

Cal.numérico: » AT; = AT,exp (%A (AT; — ATZ))




EQUACOES GOVERNANTES DE UM TROC. E CALOR A CORRENTES PARALELAS

configuragao: concorrentes, paralelas (SIC) ou “cocurrent”

cede calor
T
a . . . =
Teq >qu dQ = —quhq = _quPC[dTC[ - Q = qupq (Teq — qu)
Q
T,s > Ty dQ = UdA(T, — T¢) - - ®
Ty recebe calor

(Teq B Tef ) B (qu B TSf ) _

Teqg — T
(e 1o
Tsq — Ty

..Q =UA

Cal.numérico: » AT; = AT,exp (%A (AT; — ATZ))






Teq 5
Aang ~--N\N\\\\\
Tss onveccdo / radiacdo g Tor
-1 1 e 1 -1
UA = (Reonvg + Reona + Reonv,r) = UA n n

hconv/rad,q kcond hconv,f

TABLE 11.2 Representative Values of the Overall Heat Transfer
Coefficient

Fluid Combination U (W/m? - K)
Water to water 850-1700
Water to oil 110-350
Steam condenser (water in tubes) 1000—-6000
Ammonia condenser (water in tubes) 800-1400
Alcohol condenser (water in tubes) 250-700
Finned-tube heat exchanger (water 25-50

in tubes, air in cross flow)




EQUACOES GOVERNANTES DE UM TROCADOR DE CALOR GENERICO

1) Método ¢ - NUT (“da efetividade”)

TorT,; X

/ 1\

o — —= T, o T, Straight-Tube Heat Exchanger

One Pass Tube-side

:

Tube Sheet Tube Bundle with Shetl-side Tube Sheet S
Straight Tubes uidin T LTy

Tﬁ.u ar ?:'.u

1.0

AN e l

Tube-side Fluid Out Tube-side — 0.75
Fluid In Fluid Out w | 050
0.4 ——0.25
0.2
0
1] 1 2 3 4 5
MNTU

Ficure 11.14  Effectiveness of a single-
pass, cross-Tlow heat l*.xt'hunger with hoth
fluids unmixed (Equation 11.32).



EQUACOES GOVERNANTES DE UM TROCADOR DE CALOR GENERICO

2) Método de simulacdo numeérica (CFD)

contour-1
Static Tempe

547.77¢
495 26
442.74«
390.22¢
337.70¢
285.19
232.67«
180.15.
127.63¢
75.122:

22.604¢
[c]

24 aletas de

500mm 50x 500x 1
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Video Visibility Monetization Restrictions Date

Aula 1 TUTORIAL CFD ANSYS/FLUEN... @ Public S off None Sep 11, 2019

Prof. Paulo Seleghim / University of Sao Streamed
Paulo SEM0551 - Fenémenos de...

TUTORIAL CFD ANSYS/FLUENT: PRO... @ Public S off None Sep 18, 2019

Prof. Paulo Seleghim / University of Sao Streamed
Paulo SEM0551 - Fenomenos de...

TUTORIAL CFD ANSYS/FLUENT: PRO... @ Public S off None May 18, 2020
Estarei disponivel para tirar duvidas pelo Streamed
chat.

Aula 4 Tutorial: CFD Ansys/Fluent - pr... @ Public S off None Nov 27,2019
Prof. Paulo Seleghim / University of Sao Streamed

Paulo SEM0551 - Fendémenos de...
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QR:m’(hs—hz)

— T Qr = 1 - (hs — he)

A 4

A

Ts (Ts — Ts) — (Ts — T,)
5 3 6 2
% = U4 T T,
n (T6 = Tz)

—

TABLE 11.2 Representative Values of the Overall Heat Transfer
Coefficient

Fluid Combination U (W/m? - K)
Water to water 850-1700
Water to oil 110-350
Steam condenser (water in tubes) 1000—-6000
Ammonia condenser (water in tubes) 800—1400

Alcohol condenser (water in tubes) 250-700

Finned-tube heat exchanger (water 25-50 <
in tubes, air in cross flow)




m
UA
eps

macro =

nitrogen

20 bar

25 °C
305,099 kl/kg
5,93705 kl/kg/K

100 bar
201,37 °C
489,46 ki/kg

5,93705 ki/kg/K

100 bar
750 °C

1110,11 ki/kg
6,80206 kJ/kg/K

20 bar
396,591 °C
702,859 kl/kg
6,80206 kl/kg/K

1 kg/s
10 kW/k
0,001 -

ctr+h solve

191,867 kW
375,389 °C
218,674 °C

xk+1

191,867 kW
375,389 °C
218,674 °C

305,099 ki/kg
489,46 ki/kg
681,326 ki/kg
1110,11 ki/kg
702,859 kl/kg
510,993 kl/kg

-184,36 kl/kg
191,867 kl/kg
428,787 ki/kg
407,253 ki/kg
-191,87 kl/kg
-205,89 kl/kg

sl
52
s3
s4
55
sb

Yenergia
rendiento

IS@rgen

5,93705 ki/ke/K
5,93705 ki/kg/K
6,28145 kifkg/K
6,80206 ki/kg/K
6,80206 ki/kg/K
6,46932 ki/kg/K

0 ki/kg
52,0% kl/kl

0,01166 ki/kg/K

1
1

0,02245

QR
0,4113
-0,5303
-0,3863

T3
-1,1101
0
0,105

T3
0,49107
0,44236
0,47802

T6
4,34839
3,91706

-4,0843

MAXIMIZACAO DA TC (AREA) — temperaturas e outras propriedades limite...

BALANCO ENTROPICO

— importancia relativa das irreversibilidades...



UA — oo

Tende a T, pq

Cpse < Cpy3

Mostrar gue com a
diminuicdo de UA, os delta
T's aumentam e, conseq.,
aumenta também a
geracdo de entropia.
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Mostrar que com a
diminuicdo de UA, os delta
T's aumentam e, conseq.,
aumenta também a
geracdo de entropia.

m
UA
eps

nitrogen

20 bar

25 °C
305,099 ki/kg
5,93705 kl/kg/K

100 bar
201,37 °C
489,46 ki/kg

5,93705 kl/kg/K

100 bar

750 °C
1110,11 kl/kg
6,80206 kl/kg/K

20 bar
396,591 °C
702,859 kl/kg
6,80206 kl/kg/K

1 kg/s
10 kW/k
0,001 -

macro= ctr+h solve

191,867 kW
375,389 °C
218,674 °C

xk+1

191,867 kW
375,389 °C
218,674 °C

305,099 ki/kg
489,46 ki/kg
681,326 kl/kg
1110,11 ki/kg
702,859 ki/kg
510,993 ki/kg

-184,36 kl/kg
191,867 ki/kg
428,787 ki/kg
407,253 ki/kg
191,87 kl/kg
-205,39 kl/kg

sl
52
s3
s4
55
sb

Xenergia
rendiento

IS@rgen

5,93705 ki/kg/K
5,93705 ki/kg/K
6,28145 ki/kg/K
6,80206 ki/kg/K
6,80206 ki/kg/K
6,46932 ki/kg/K

0 ki/kg
52,0% kl/kJ

0,01166 ki/kg/K

1
1

0,02245

QR
0,4113
-0,5303
-0,3863

T3
-1,1101
0
0,105

T3
0,49107
0,44236
0,47802

= 0,01166 kj/kg/K

T6
4,34839
3,91706
-4,0843
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geracao de entropia (ki/kg)
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A = drea de transferéncia de calor

| 2R SN

\ 4

Q= quP,q ' (Teq - qu) Mg, Teq

Q=m¢Cpy - (Ter — Tsr) < My, Ter
- Teq —Teq ATy meCpy T
Tsf — Tef ATf mq Cp'q =
AT,
"""" A I
qup,q > Mg Cp,f - ATq < ATf f qu ,,,,,,,,,,,,,,,,,

v



A = drea de transferéncia de calor

Q=mgCpq - (Teq — Tsq) e les & ‘& l’ |

Q=m¢Cpg + (Ter — Tsf) < My, Teg
- Teq —Tsq ATy mgCpy :

Tsf _ Tef ATf Mg CP,q -

quP,q > My Cp’f - ATq < ATf

- "
E myCpq < meCps = ATy > ATy g """" & Ty T, v
ATt

v
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Q=mgCpgq- (Teq — qu)

Q =m¢Cps - (Ter — Tgr)

Teq —Tsq  ATq  myCpy

Tse — Ter AT

mq Cp q

quP,q > my Cp,f - ATq < ATf

.
myCpq < MgCps — ATy > ATy ﬁ

m

A = drea de transferéncia de calor

qr 'eq

J

J

y

v

A

My, Tes

Vc ja explicou
isso 5 vezes !!!




A = drea de transferéncia de calor

2R N

—
v

Q=mgCpgq (Teq — Tsq) Mo leq

Q=m¢Cps - (Ter — Tsr) < My, Tes
- Teq —Teq ATy mgCpy

Tsf — Tef ATf mq Cp’q
. =
= myCpq = meCpys = AT, = ATy 157 ATq

Agora sdo 6
vezes !!!

Ao =T, —T—>0

A—> 0 = S5, >0
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Qu = mp - (hy (Ty) —h3 (T3)) = mgc - (heq (Tege) — hsq (Tch))

]

Regenerador...

Newton
Raphson

L

Arbitrado...

Newton
Raphson
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fi=Qy—mp-(he(Ty) —h3(T3)) =0

f2=Qu—mgc- (th (Tege) — hec (Tsac)) =0

(Tege — Ta) — (Tsge — T3) _

T.,—T,
ln( eq 4)
qu - T3

f3=0Qy—UA 0




UA TsGC

fi=0Qpy

A 4

f2=0Qu

fz =0Qu—

f3 = (Tege

Tege=To)- (T =Ty ]

Teq [y
l”(r Tg)

f=(y-UA

— Mmp - (h4 (Ty) — hs (Ts)) =0

—mgc * (hee (Tege) — hee (Tsge)) =0 I

{qﬁ.
UA (Tege — Ta) — (Tsge — T3) — N&o adequada p/
] Teqg — T4 implementacdo
n qu — T3 numérica

UA
—Ty) — (Tsgc — T3) - exp [_H ((TeGC —T,) — (Tsge — Ts))] =0

60% CO2 + 40% H20 @ 750°C, P omp
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ANALISE ENERGETICA

Qu =mp-Cpp- (Ty —Tz) =mge - Cpgc - (Tege — Tsgc )

mp '?,B _ Tece — Tsec
Mgc * Cp e T, —Tj
ANALISE ENTROPICA

Q
X T_k + IM;Si gk — XM kSok + Sgen = 0
k

Sgen = Mp(S3 — S4) + Mg (Ssgc — Seac)

Sgen Mg

= Sa—S,)+ (S — S
Mee mGC( 3 4) ( sGC eGC)
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i fl=QH_mB'(h4(T4)_h3(T3)):0
UA TsGC
@ @
g fa =Qun —mgc - (th (Tegc) — hec (Tch)) =0
Q
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air

(Tege = T3) — (Tsgc — Ta)

=0

f3=Qu—UA

Too — T.
()
V=
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i f1:QH_mB'(h4(T4)—h3(T3))=0
UA TsGC
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e
Q
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% —> T, T
L o
f 750°C ATf
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t
air

fi =0y — UA (Tege = T3) — (Tsgc — Ta)

=0

T,, — T
n qu - T4



2: nitrogen: p = 100, bar EI@
Temperature [Pressure| Density | Wolume | Enthalpy| Entropy Cp
(') thar) | (ko) | (meka) | (kdikg) | (kdfkok) f (koK)
1 0.00000 100,00 | 12525 | 00079842 | 259,27 | 53024 | 1.2412
2 50,000 100,00 | 102,50 | 00097564 | 31926 | 55043 | 11676
3 100,00 100,00 | 87,428 | 0.011438 | 37663 | 56634 | 11309
4 150,00 100,00 | 76,534 | 0.013066 | 43264 | 58103 | 11116
5 200,00 100,00 | 68216 | 0014654 | 48795 | 549339 | 11023
B 2h0.o0 100,00 | 61,620 | 0016229 | 542,95 | 60444 | 10997
? 300.00 100,00 | 56241 | 0017781 | 597,99 | B.1449 | 11016
g8 350.00 100,00 | 51,760 | 0019320 | 65319 | B.2372 | 11067
g 400.00 100,00 | 47,962 | 0020850 | 70869 | B.3229 | 11139
10 450,00 100,00 | 44639 | 0022372 | 76460 | 64030 | 11225
11 500,00 100,00 | 41,863 | 0.023888 | 82096 | 64783 | 11320
12 550,00 100,00 | 39372 | 0025399 | 87781 | 65496 | 11419
13 0000 100,00 | 37166 | 0026806 | 93515 | E.6172 | 11514
14 B50.00 100,00 | 35199 | 0,028410 | 992,99 | EGS16 | 11617
15 Z00.00 100,00 | 33.433 | 0.029911 | 1051.3 | 67431 [ 11713
16 750,00 100,00 | 31.837 | 0.031410 | 11101 | 6.8021 | 1.1806
17 800,00 100,00 | 30,389 | 0,032907 | 11694 | 68586 | 1,1894
18 550,00 100,00 | 29.068 | 0,034402 | 12290 | 69130 | 1,1978
19 400,00 100,00 | 27.859 | 0,0356896 | 12691 | 69653 | 1,2058
2l 950,00 100,00 | 26,746 | 0037385 | 13496 | 7.0156 | 1.2132
21 1000,0 100,00 | 25720 | 00383580 | 14105 | 7.0645 | 1,2203

entalpia (kl/kg)

1600

1400

1200

1000

800

600

400

200

fi =Qu—mp - (hy (Ty) —h3(T3)) =0

temperatura (°C)

h@lOObar(T) — CP@lOObar(T) : (T - Tref)

2
y = 6E-05x2 + 1,0825x + 265,86
R2=1
- 1,9
“.-
o 1,8
.“.'
»'.h
.o 17
.
.
- 1,6
."..
.
o 1,5
.
e 14
-'..
> y = 2E-12x% - 4E-09%° + 4E-06x2 - 0,0013x +1,2309

o R2 =0,9889 13
12
1,1

1

200 400 600 800 1000 1200

Cp (ki/kg/K)
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compa 1 carbon dioxide 0.5
compo 2 water 04
Geoomb  carbon dioside; 0,6; water; 0.4

mGC 6.7 kals
TeGC TS0 C
PelGC 1 bar
heGC 1653,833301 kdlkg
sel5C 2.360373751 kkalk

Brayton  nitrogen

mB 10 kais
T3 3366 C

P3 100 bar

k3 TO4, 3065077 kdlkg
53 B.31722d4274 kllkaglk

m 1 kals
[uF 100 k'wik
eps 0,001 -

zole macho = ctr+
gendata macro=ctir+k

h3 kdikg he5C kdlkg
=3 kdikalkl zelGC kdtkalk
b kikg hsGC kedtkg
=4 kdikalkl ssGC kedlkealk

TelGC= —_
408,08 = T=5C
de= 8983 145 = dh
T4 BEOT e
[Es8Ed - 3
CTGCICTHZ Sgen A
kMK kg G
no3
— 0078
]
T
ﬁ' ik b1
oAz

fi=Qu—mz '(hq(T-t)—ha(Tz)) =0

fo=Qu — Mg~ (hac (Tage) — hee (Tsge) ) =0

fa = (Tegc — Tu) — (Tsgc — Ta)exp [% ((Tesc —Ta) — (Tsgc — Ta)}] =0




0,08

0,07 .
L ] . .
[ ]
. L ]
0,06 - .
L
L ]
® e yUA=10KW/K
0,05
[}
0.04 ."‘tt.tq-.nt-UA=50kW/K
0,03
e, o o ® UA=100KkW/K
®* o o o o o o ¢ °*
0,02
07 08 09 1 11 12 1,3 14

CTGC/CTN2 ®

- _ Cparx *+ Cpary
Cp = .

Projeto “sinfonizado”




Teorema do valor médio %p 52linguas v

Artigo Discussao Ler Editar Editar codigo-fonte Ver historico W

Em matematica, o teorema deo valor médic (também conhecido

- — como Teorema de Lagrange) afirma que, dada uma funcao Calculo
continua f definida num intervalo fechado [a,b] e diferenciavel em Teorema fundamental
Limite de fungdes

ifm (a.b), existe algum ponto ¢ em (a,b) tal que Confinudade

b -
fla); f(c) = f(b) — f(a) f(z)dz = F(c)(b - a) Teorema do valor médio
i ¢) = b—a . T)at =Jie @) Teorema de Rolle
| -
; b Calculo [Expandir]
€ Geometricamente, isto significa que a tangente ao grafico de fno
) ' g q g d Calculo integral [Expandir]
O teorema do valor médiol ! & ponto de abcissa c € paralela a secante que passa pelos pontos )
. Serie [Expandir]
de abcissas ae b.

Calculo vetorial [Expandir]
O teorema do valor médio também tem uma interpretacdo em termos fisicos: se um objeto esta em Calculo com maltiplas variaveispandir]

movimento e se a sua velocidade média é v, entdo, durante esse percurso (intervalo [a,b]), ha um instante Calculo especializado  [Expandi

(ponto c) em que a velocidade instantanea também é v.
V:D-E
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mp

150°C
20°C
5(7302
-
Sgen = —X T_k - 2:7ni,k5i,k + Z:m'o,kso,k
S S
genvVC q3a4 de61 gen,regen
= — + =(S3t+5S6)— (S, +5s
(TH TL ) mg ( 3 6) ( 2 5)



Temperature ("C)

200,

ne,———

500—

0,000 —

12: carbon dicxide: Specified state points EI@
Temperature | Pressure| Density | Enthalpy | Entropy Quality
('c) (bar) | (ko) | (kdfkg) [(kdikgk)) (kgrko)
200bar >
1 20,000 B0.000 | 782,65 | 254.28 [ 11811 Subcooled
2 37,448 200,00 | 85318 | 271,31 | 118N Undefined
3 150,00 200,00 | 32710 | 2313 | 1.8796 Undefined ©
4 46,086 B0.000 | 14012 | 48228 | 1.8796 | Superheated
5

20+273.15

_ (he = hg) = (hp — ha)
p=-c 4T b Ta)

hc_hb

=17.42%

UA —» o0

ki

S

"

e

= ]—
Ncamot = 1775607727315

[/

60bar

Ndo adequado a
regeneragao de
calor (T, ~T,)

/

=30.72% —

0,000

Entropy (kJikg-K}



Temperature ("C)

200, | |

[l

200, b 180, bier 160, ' 140, b 120, e MO0, b 80, b

12: carbon dicxide: Specified state points EI@

Temperature | Pressure| Density | Enthalpy | Entropy Quality
('c) (bar) | (ko) | (kdfkg) [(kdikgk)) (kgrko)

100bar

— 1| 20000 | 60,000 | 782.66 | 254.28 | 1.1811 | Subcooled —
2| 37448 200,00 | 85318 | 271.31 | 11811 | Undefined 20+ 273.15
150 3| 15000 | 200,00 | 32710 | 52319 | 18796 | Undefined | | N/ f g A3 Ncamot = 1 — =30.72% —
a| 46085 | 60.000 | 14012 | 45228 | 1.8796 | Superheated 150+ 273.15
B 5 i N
B 60bar ]
— (he — hgq) — (hy — hy)
n=--—22 -2 % _898%
L hc - hb
e, — I—t; ™~
UA —» o0

500—

_ (h3 _h-ﬂr)_(hZ _hi) = 4501% |

- 2 _
‘ ’
o000 —— // |
0,000 1,00 2,00 3,00

Entropy (kJikg-K}



200,

Temperature ("C)

ALL gL Lo L ]

/23) 80, e 160,

100bar

20+273.15

:]—
150 +273.15

=30.72% —

Entropy (kJikg-K}



temperatura

4

A

T4

45

3.5

Cp (kI/kg/K)

=
[%a]

fary

Ty

0,5

»

>

extensdo
do tfrocador
regenerativo

20

40

60 80

temperatura (°C)

— Cp @ 200bar
—_—Cp @ 60 bar

100

120

140



temperatura
A

T4

~37°C

45

Cp (kI/kg/K)

=
[%a]

fary

Ty

0,5

»

>

extensdo
do tfrocador
regenerativo

20

40

60 80

temperatura (°C)

— Cp @ 200bar
—_—Cp @ 60 bar

100

120

140
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Vi

Temperature ("C)

Cp(100bar, T, ) — Cp(60bar,T,,) =0




X

P

n+

Q

=X

_f

n

R S T

0/

f

n

u

Tn
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Qual o significado fisico destes valores 2

Figure 3. Steady solution (numerical Schlieren) in the rotor domain at 50% and 90%

channel height. « Transferéncia de calor AT finito

B ‘8 " « Afritos internos

« Compressdo/expansdo ndo resistida
« Mistura de substancias diferentes

« Reacodes quimicas esponténeas

« Onda de chogue supersdnico
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