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DEFINICAO DE UMA RESISTENCIA TERMICA — CIRCUITOS TERMICOS EQUIVALENTES

Conducao de calor: lei de Fourier

R g/ﬁ

‘ Q=k-A-AT/L
S NAYAY ‘\@) ANAN>
/WW/L& Convecc¢ado de calor: lei de Newton
% Q=h-A-AT

Radiacdo de calor: lei de Stefan-Boltzmann

Q=0-A-2(T*—=T%) > Q=h.,y-A-AT
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DEFINICAO DE UMA RESISTENCIA TERMICA — CIRCUITOS TERMICOS EQUIVALENTES

Conducao de calor: lei de Fourier

AV
T Q=k-A-AT/L
Conveccao de calor: lei de Newton
AT
Rierm = Q Q=h-A-AT

Radiacdo de calor: lei de Stefan-Boltzmann
Q=0-A-X(T*-T2%) - Q=h,gq-A-AT
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DEFINICAO DE UMA RESISTENCIA TERMICA — CIRCUITOS TERMICOS EQUIVALENTES
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1
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o R ﬁ V Qk
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3 Jingwei Zhu Software: ANSYS Fluent

26 subscribers 0il density: 900kg/m3; viscosity: 0.1kg/m-s
» Water density: 1000kg/m3; viscosity: 0.005kg/m-s
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Conveccdo natural x conveccado forcada...

Forcada: a movimentacdo do fluido € induzida por forcas externas...

.

VT \
Estes sGo os efeitos globais.
Qual € o mecanismo de

L transferéncia de calor da
resisténcia para o ar ¢
(Efeitos locais)
Vor frio 'or quente
AEcin =0
Q AETer = Q = marCP,arAT
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Conveccdo natural x conveccado forcada...

Natural: a movimentacdo do fluido é induzida por forcas de empuxo...
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Natural: a movimentacdo do fluido € induzida por forcas de empuxo...
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Conveccdo natural x conveccado forcada...

Natural: a movimentacdo do fluido € induzida por forcas de empuxo...
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Conveccdo natural x conveccado forcada...

Natural: a movimentacdo do fluido € induzida por forcas de empuxo...
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Escoamento incidindo sobre uma placa plana... CAMADA LIMITE
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Escoamento incidindo sobre uma placa plana... CAMADA LIMITE

U

o0

velocidades ndo
perturbadas (u=u_)

camada limite
fluidodin@mica
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Su (X) u<0,99u,
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Y. IRITANI, N. KASAGI and M. HIRATA



Escoamento incidindo sobre uma placa plana... CAMADA LIMITE
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Calculo das camadas limites hidrodinOmica e térmica...

u T

0,
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Calculo das camadas limites hidrodinOmica e térmica...

au 6V

u, T, ux=x.y) T(x=X,,Y) =0 « massa
—’f:./ LU, 0u_u LAY |
i —: i 8X ay o ay « g. de movimento
— o ok o7 |
> — U—+YV = > « energia
Rz, — —/ ox oy pCp oy
> X
” 7
> X,
> X,
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Calculo das camadas limites hidrodinOmica e térmica...

6u av

u, T, ux=x.y) T(x=X,,Y) =0 « massa
—i LU, 0u_u LAY |
i —: i 8X ay o ay « g. de movimento
i — i U al +V l K 821— energia (desacoplada)
> —_— —> - = “«—
Yy — _>—>/ ox oy pCp ay?
> X
” 7
> X,
> X,

pP/x=0—-u(0,y)=u_ e T0,y)=
pP/y=0—-y(x,0)=0, v(x,0)=0 e T(x,0)=

P/y—> o —>UX,©)=u, e T(X,o0)=



Solucao de Blasius (1908)... velocidades

ou ov

—+—=0
OX ay transformagdo f f2 f3
oU OU o< dn dn dn
U—+V—=———
ox oy poy?

Paul R.H. Blasius
(1883 -1970)
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Solucao de Blasius (1908)... velocidades

O ou oV
w a_x + E — O fransformacdo .I:( ) f2( ) f3( )
| > a-f+o—d o, —Tras— e o
dn dn dn i
Paul R.H. Blasius
(1883 - 1970)
variavel de def U \|] = funcdo de corrente

ANSYS

2019 R2

similaridade o0
| > T] _ y ) Vi e

fin) =
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Solucao de Blasius (1908)... velocidades

oy
Ty
f
@4_6_\/20 W(X'Y) d=e ) Y — fﬂw\ =0
oX oy e oy |
uncdo de V=——
corrente L OX

Paul R.H. Blasius
(1883 -1970)

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.




Solucao de Blasius (1908)... velocidades

def
wixy) = - Y =@ =0
funcdo de V = _6_\|/
corrente | ax

Paul R.H. Blasius
(1883 -1970)

As componentes da velocidade se escrevem entGo como:

R (), (), o

oy on ) \ oy U, d_n XV ” dn
LIP )

o0

y=U_, [X-

0

v=u/p
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Solucao de Blasius (1908)... velocidades

u=+2t
def
yix.y) = Y 3@- =0
funcdo de V = _a_\lj
corrente | ax

Paul R.H. Blasius
(1883 - 1970)

As componentes da velocidade se escrevem entGo como:

n:y‘\/x-upw/u 5 ov) (o df df
U=+_\v=+(_\vj.(_nj:(uw xv M Y J:”
oy on oy

/
W=, X EE A

o0

v=u/p
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d f
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funcdo de V = _a_\lj
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Paul R.H. Blasius
(1883 - 1970)
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Solucao de Blasius (1908)... velocidades

au _ Y. d*f
x 2x | dn?

\F ouU ouU
g Uu—+V =
OX

o°u U2 df
oy?  vx dn’
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Solucao de Blasius (1908)... velocidades

ou v,  df
X 2X i dn? Dy
0, o " 0 5 0°
o d*f U U U
8_5 e L\Jf;; an |:> U—+V — H 2 Paul R.H Blasius
OX oy p oy (1883 — 1970)

o°u U2 df
8y2 VX dn3

3 2
:> Qd—f+f 't =0 <: DIFERENCAS FINITAS

dn® dn?
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Solucao de Blasius (1908)... velocidades

ou v, df
x 2x | dn?
R o e v i
VX dn ax ay p ay2 P(o]télg.ﬁ.]zk;cs)l)us
o Ul df
@yQ VX dn3
d>f d2f
:> 2— 4 f =0 <: DIFERENCAS FINITAS
dn®  dn?
p/x=0-u0,y)=u, P/n=0—1Mn)=

p/y=0-Ux0)=0, v(x0)=0 [> p/n=0->df/dn=0

P/Yy— o —UX,©)=U_ p/n=wo—>df/dn=1



Solucdo de Blasius (1208)... c. limite fluidodinaGmica

SO A . ;o df _u d¥
dn’ dn? dn U,  dn?
0 0 0 0.332
0.5 0042 0.166  0.331 Paul R.H. Blasius
1.0 0166 0330  0.323 (18831970
1.5 0370 0487  0.303
20 0650 0630 0.267
25 0996 0751  0.217
3.0 1397 0846  0.161
35 1.838 0913  0.108
40 2306 0956  0.064
45 2790 0980  0.034
50 3.283 0992  0.016
55 3781 0.997  0.007
60 4280 0999  0.002
oo oo 1 0
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Solucdo de Blasius (1208)... c. limite fluidodinaGmica
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SO A . ;o df _u d¥
dn’ dn? dn U,  dn?
0 0 0 0.332
5=uU/u, =099 =n=50 05 0042 0.166  0.331 Paul R.H. Blasius
1.0 0166 0330  0.323 (18831970
1.5 0370 0487  0.303
20 0650 0630 0.267
25 0996 0751  0.217
3.0 1397 0846  0.161
35 1.838 0913  0.108
40 2306 0956  0.064
45 2790 0980  0.034
50 3.283  0.992  0.016
55 3.781 0.997  0.007
60 4280 0999  0.002
oo oo 1 0



Solucdo de Blasius (1208)... c. limite fluidodinaGmica
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Qd_?’erfd_Q‘;:O . . df _u ¥

dn dn dn U,  dn?

0 0 0 0.332
s=u/u. =099 =n=50 05 0042 0166 0.331 Ul R H. Blasius
1.0 0166 0330  0.323 (1883~ 1970)

_y. Ve . s5_50. XY 1.5 0370 0.487  0.303

n=y o, 20 0650 0630 0.267

25 0996 0751 0217

3.0 1397 0846  0.161

35 1.838 0913 0.108

40 2306 0956  0.064

45 2790 0.980  0.034

50 3.283 0992 0016

55 3.781 0997  0.007

60 4280 0999  0.002

o0 o0 1 0



Solucdo de Blasius (1208)... c. limite fluidodinaGmica

As questdes postadas no Chatdo YouTube
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SO A . ;o df _u d¥
dn’ dn? dn U,  dn?
0 0 0 0.332
§=u/u, =099 =n=50 05 0042 0.166  0.331 Paul R H. Blasius
1.0 0.166 0330 0.323 (1883~ 1970)
ney. Ve 5250\@ 1.5 0370 0.487  0.303
T\, 20 0650 0.630  0.267
25 099 0751  0.217
5 5.0-x PU_ X 3.0 1.397 0846  0.161
> 8= Re = " 35 1.838 0913 0.108
4.0 2306 0956  0.064
45 2790 0.980  0.034
5,0 3.283 0992 0.016
5,5 3.781 0997  0.007
6.0 4.280 0.999  0.002
o0 0 1 0



Solucdo de Blasius (1908)... tensoes de cisalhamento

SO A . ;o df _u d¥
dn’ dn? dn U,  dn?
0 0 0 0.332
U O d% 0.5 0.042 0.166 0.331 Pqul R.H. Blasius
T =H—| = U, — 1.0 0.166 0.330 0.323 (1883 -1970)
oY |y VXav®| o 15 0370 0487  0.303
2.0 0.650 0.630 0.267
oU? 2.5 0996 0.751 0.217
T, =0.332—== 3.0 1.397 0.846 0.161
Re, 3.5 1.838 0.913 0.108
40 2306 0.956 0.064
45 2790 0.980 0.034
5.0 3.283 0.992 0.016
5.5  3.781 0.997 0.007
6.0 4.280 0.999 0.002
o0 o0 1 0
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Solucdo de Blasius (1908)... c. limite térmica

of o  k o0°1

Paul R.H. Blasius
(1883 -1970)
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Solucdo de Blasius (1908)... c. limite térmica

U= +2—"’
det Y Paul R.H. Blasius
wix.y) = 5 (1883 - 1970)
WV
V=——"
\ OX

KRIP )

y=u,

o0

As questdes postadas no Chatdo YouTube
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Solucdo de Blasius (1908)... c. limite térmica

U—+V—=
S, ox g0y pCp oy
def V= +W Paul R.H. Blasius
y(xy) = 1 o (1883 — 1970)
X OX
G(X,Y) d_ef T(X,Y)—TS —
T, =T,

LT

y=u,

o0
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Solucdo de Blasius (1908)... c. limite térmica

o ox 0y pCoh oy
def V= +W Paul R.H. Blasius
y(xy) = 1 o (1883 - 1970)
OX
o(x,y) = T()T('y_) ; Ly

S odfeeon 1 fuv( df Joeen ko o)
“dmenox 2V x 'dn  Jenay pC, dn? | ay

As questdes postadas no Chatdo YouTube
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Solucdo de Blasius (1908)... c. limite térmica

df 0 on 1 Juv( df Yoeon  k d’% o)
” dn on ox 2 X ndn onoy pCs dn?l oy

d?0 do
—> 2 >+ Prrf— =0

0(0)=0 e 0O(w)=1

P

As questdes postadas no Chatdo YouTube
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Paul R.H. Blasius

(1883 - 1970)
£ darf _u a°f
L dT] U dT] 2
0 0 0 0.332
0.5 0.042 0.166 0.331
1.0 0.166 0.330 0.323
1.5 0.370 0.487 0.303
2.0 0.650 0.630 0.267
2.5 0.996 0.751 0.217
3.0 1.397 0.846 0.161
3.5 1.838 0.913 0.108
4.0 2.306 0.956 0.064
4.5 2.790 0.980 0.034
5.0 3.283 0.992 0.016
5.5 3.781 0.997 0.007
6.0 4.280 0.999 0.002
(0% oo 1 0



Solucdo de Blasius (1908)... c. limite térmica

u(x,y) T(x,y)
— Paul R.H. Blasius
i (1883 — 1970)
y N T
Y x —> Z_syo:}/l"fx — 2_y O:_k'qX . ; df _u d2f
. = Y= o 2
L UL — I . - O";z
Ty o 05 0042 0166  0.331

1.0 0.166  0.330 0.323
1.5 0.370  0.487 0.303

2
U
. =0.332 PYs _&_ pl/3 _ U;.o 2.0 0.650 0.630 0.267
2 Re = O P, = TG 25 099 0751 0217
X
30 1397 0846  0.161
35 1.838 0913 0.108
40 2306 0956  0.064
5 5.0-x 5 5.0-X 45 2790 0980  0.034
=" = Oy = 50 3283 0992 0016
|> D R Pr'/3 Re 55 3781 0997  0.007
e X
X 6.0 4280 0999  0.002
oo oo 1 0




METODOS DE SOLUCAO

empiricos

v

computacionais

ANSYS

2019 R2
ACADEMIC




L9

A CONVECCAO DE CALOR - ABORDAGEM EI\/\PIRICAL..

| mowmen’ragoo do fIU|dO+<—>’ranspor’re de energla ’rermtco -




T,
- camada em
—.. . ~
., . movimento conveccao
conveccao
—

L/

conducao

camada de
estagnacao

< conveccao
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dT
qth'(Too_Tp)z_k'_

dy |camada

y 4 limite
—... Tw
—
—_— ~
conveccao

< conveccao
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., °° As equacoes diferenciais de balanco indicam que:

—_— - ~ . .. s .
CD"VECQGD Solucdo de Blasius (1908)... c. limite térmica
— ulx.y) T(x,y)

Paul R.H. Blasius
(1883 -1970)

o _u &
" " dnTu e

0 0 o0 o3

9« 3, Ve
~ % _0332.Pr3(M, ~T). 2=
X (T - T) "

= 5.0-x _ 50-x 45 2790 0980  0.034
-— conveccao = Sy " e
- -—
-— aula MF2

Adimensionalizacdo das equagdes governantes...

ou _u, au*
x L oot
ov _u, ov*

E =
@ _pt o
ox L oox*
E_ &5’:* For(;asj
By L a\/* externas

Re = puD N inércia As equagdes governam o fendmeno
n d.viscosa VICI_ leis d_e co_nserv_q(;co. Os nUmeros
adimensionais definem o
n d.viscosa comportamento na escala do

4 7 0 problema modelado...
k/C d.térmica

As questdes postadas no Chatdo YouTube
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., ” As equacoes diferenciais de balanco indicam que:

convecgao

— Nu = f(Re,Pr

| ‘ C
Re = P UOD caracteriza o caracterizao Pr = %

escoamento fluido

< conveccao M
-—— oo
v, ¥ .
< i —
F__._.i_._-.-.‘;..-.
-X, U N e
’ (= | Turbulent
S e | [ region
.., o i N =
Il—." f,--"""l' .-ﬂ'f-' I«.\_ k| - "-E
E— S T e
: s B ) ”"1:" :
— £ Towd T <
| _ — ST T ) Buffer layer
| g - s ek L :
! il Pt - ' - Laminar
| - ra o L - - ’ - | ]
sublayer
J,"!_ -
= 1
- Laminar - = Turbulent

Transition
As questdes postadas no Chatdo YouTube
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def h

Nu = —°
y A k / D
., T As equacoes diferenciais de balanco indicam que:

convecgao

— Nu = fRe Pr

‘ Cpou
Re =P PUD  caracteriza o J caracterizao Pr = T

escoamento fluido

< conveccao H

-« Nu 4

0.332 Re?’ Pr'? 0.0296 Re?® Pr!”3

Pr> 0.6 0.6 =Pr=060
5% 10°=Re, = 107

—X

As questdes postadas no Chatdo YouTube
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CorrelagOes para escoamentos internos...

Escoamento laminar:

desenvolvido

o

_/

HOMEM DE FERRO

Temperatura constante:

Fluxo de calor constante: Nu = 4.36

Nu = 3.66

Escoamento turbulento desenvolvido (Re > 109):

Superficie lisa:
(Dittus-Boelter)

Rusliagro P2,

Superficie rugosa:

AsS queslﬁes postadas no Chatdo YouTube
seraorespondidas ao final da aula.

Nu = 0.023-Re*/>.pr"

n=03 p/ T, <T,

n=04p/T,>T, |£

==10

0.7= Pr=160
Re;, = 10,000
D=

f (Re—-1000) - Pr

Nu=—-
8 1+12.7(f/8)"?(Pr?/3-1)

f = friction factor



A equacdo de Darcy e cdlculo do fator de atrifo...

0.1
0.09
0.08

0.07

0.06

0.05

0.04

# 0.3

0.025

0.02

0.015

Stuart W. Churchill

0.01f~
0.009 |—

0.008

o Laminar (Re < 2500)

0.03

0.02 B 64

0.015 f

e Re HOMEM ARANHA

.
0.004 D

| Turbulento (Re > 4000)

0.002

Colebrook-White

0.001

0.0008

0.0006

0.0004

] e 2.51
— =-2log| 3.7—+
oow 9( D Reﬁj

0.00005

f=

o

8.|| 2
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Conveccao natural: equacoes governantes e o numero de Grashof...
TS

_ Telgl%?i?;ure l P (j_P &
dx
. N A | F,=a,-dm
} Velocity l< 1|‘ e |
profile | |
u=0 T W T 4 u=0 T l: dx :T T+%(‘{\. OX — dU 6U dX aU dy Ua_U_l_Va_U
| l l L y dt  ox dt ayd’r oX oy
/ | I
oP
Tp ayO—)l(—Zipwg
Stationary
T, fluid
/ at T, 8U 8U aQU
> p|U_—+V— |=p—+(p, —pl9
OX oy oy
>y
' l <« Ap=p-B-AT Coef. expansdo volumétrica
p/ eq. conveccdo forcada 5U 8u 82 Forca de empuxo
—>pP- gB (T T ) dependente da
8)( ay ay temperatura

|
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Conveccao natural: equacoes governantes e o numero de Grashof...
7;

Temperature JoP
profile P+ oo dx * X * y * * * T — T
4

U
r U
‘ Velocity l< , |
profile | ) |
u=0 TT WT"‘ u=0 v | dx 1 s . o
I W | N adimensionalizacdo
| | ’
)
o L

* * 2 * . 3
SO aut 1R +£gB(TS TOO)L] 1

* *x *0 2 ‘
Stationary ax ay Re 5y V Re
T, fluid
/" at T,

v? ~ dissipacdo viscosa  natural..

Forma genérica para o Nr. Nusselt:

Ra=Gr-Pr Nu=C-(Gr-Pr)f'=C-Ra"

As questbes postadas no Chatdo YouTube
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___ n - ? Empirical correlations for the average Nusselt number for natural convection over surfaces
\'q L‘ 9 “o 2— Characteristic
Geometry length L, Range of Ra Nu
Vertical plate 10%-10° Nu = 0.59Ra}"* (9-19)
9 T 10°-1012 Nu = 0.1Ra}? (9-20)
§
furbulento Gr > ] O L ‘ 0.387Ral/s 2
L Entire range Nu = {0825 + W}’ (9-21)
(complex but more accurate)
MULHER-MARAVILHA ) Use vertical plate equations for the upper
Inclined plate surface of a cold plate and the lower
/ surface of a hot plate
L
R L Replace g by g cosf for Ra < 10°
Q - hAIo’reraI (T Too) /
gonr'lgmal Plalz doeri ) 10%-107 Nu = 0.54Ra}* (9-22)
urface area A and perimeter p _ ,
(a) Upper surface of a hot plate 107-10* Nu = 0.15Ra® (9-23)
n (or lower surface of a cold plate)
N U — C ¢ R G Hot surface /T‘
l ]
Aslp
(b) Lower surface of a hot plate
T + T (or upper surface of a cold plate)
9 properties @ T, ., =| =—=
Gr<10 fluid ' 1 ~_ 105-1011 Nu = 0.27Ra}* (9-24)
2 g
Hot surface
Vertical cylinder T A vertical cylinder can be treated as a
T ' vertical plate when
! L
D= 35L
_ | ot
Horizontal cylinder 7 . 0.387Ra}* 2
= = —_— -,
- P Rao =10 Nu=198* T -0 ss0mPnmeEm ©-29)
i
(e
i
0.589Raj*
Spherd Rap = 101! Nu=2+ — 0 9-26
& v [1 + (0.469/Pn)*15] (9-26)
D (Pr=0.7)
As questﬁes postadas no Chatdo YouTube
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Maragkos, Georgios, and Tarek Beji.
"Review of convective heat transfer
modelling in CFD simulations of fire-
Driven Flows." Applied Sciences 11.11
(2021): 5240.

Rupliagio P2

Table 2. Empirical correlations for the average Nusselt number for forced convection over isothermal

surfaces. The characteristic length, L, is defined in Section 3.1.3.

Geometry L. Range of Validity Nu

Parallel to a plate

Laminar flow L Re <5 x 10° Nu = 0.664Re'/2Pr1/3 [33]
0.6 < Pr <60

Turbulent flow L 5x10° < Re < x107 Nu = 0.037Re*/°Prl/3 [33]
0.6 < Pr <60

Combined flow L 5x10° < Re< x107 Nu = (0.037Re*/5 —871)Prl/3 [33]
0.6 < Pr <60

Around a sphere D 0 < Re < 200 Nu =2+ 0.6Re!/2Pr1/3 [35]
0 < Pr <250

[33] Welty, J.; Rorrer, G.L.; Foster, D.G. Fundamentals of Momentum, Heat and
Mass Transfer; John Wiley & Sons: New York, NY, USA, 2014.

[35] Ranz, W.E.; Marshall, W.R. Evaporation from Drops. Chem. Eng. Prog.
1952, 48, 141-146.

HULK



Rupliagio P2

Table 3. Empirical correlations for the average Nusselt number for natural convection over isothermal
surfaces. The characteristic length, L, is defined in Section 3.1.3.
Geometry L. Range of Validity Nu :,C\E::éi
L Vertical plate
Laminar flow L 10* < Ra < 10° Nu = 0.59Ra'/4 [32]
Turbulent flow L 10° < Ra < 1013 Nu = 0.1Ral/3 [32]
12 — 0.387Ra'/® 2 134
Any type of flow L Ra <10 Nu = (0.825 + T2/ Pf]g,m}g )" [36]

Horizontal plate

Laminar flow As/p 10* < Ra <107 Nu = 0.54Ral/4 [32]
Turbulent flow  As/p 107 < Ra < 101 Nu = 0.15Ra'/3 [32]
11 _ 0.589Ra'/4 _
g g g g g g g g Sphere D Ra <10 Nu=2+ (Hm_%wp‘;)g,m)m [37]
Pr > 0.7

L. = Area/perimetro o _
[32] McAdams, W.H. Heat Transmission; McGraw-Hill Book Company: New

York, NY, USA, 1957.

[36] Churchill, S.W.; Chu, H.H.S. Correlating Equations for Laminar and
Turbulent Free Convection from a Vertical Plate. Int. J. Heat Mass Transf. 1975,
18, 1323—1329. [CrossRef]

R = e [37] Churchill, S.W. Free Convection around Immersed Bodies. In Heat
< = = RN Exchanger Design Handbook; Hemisphere Publishing: New York, NY, USA,
- 5!‘ = w v o83 i ’
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Convecgao natural em superficies aletadas @ T, = cte ...

_ 9B —T,)-S7 _OB(L-T)-C

L \\HB RO =T v RaA ST
\\ Quiescent hSopT 576 2.873 e ﬁUQUQ(/TO ?&
air. T NuU = = >t 0% Bar-Cohen and Rohsenow
)oa k Rag-S/L)?  (Rag-S/L)
g Espacamento otimo (trade-off drea x vazdo):

@ T, =cte - S, =2.714——>Nu=1.307

R CIL AQUAMAN

Q=h-(2nLH)- (T, -T,) <« t<<3S

properties @ T

avg

=(T,+T,)/2

As questbes postadas no Chatdo YouTube
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Convecgao natural em superficies aletadas @ q. = cte ...

4
Raszgﬁsszs Pr
ot [ 25 1% Rwliado b2
— — ar-conen an onsenow
k |Ras-S/L  (Rag-S/L)> AANAAA—

Espacamento otimo (trade-off drea x vazdo):

S4|_ 0.2
@ g, =cfte —» Sop1=2.12-[—]
Ra;

TARTARUGA
NINJA

Q=q,-(2nLH) <« t<<S

properties @ T

avg

=(TL+T,)/2 <« T =T,+q,/h

temperatura critica
ocorrendo na borda

As questbes postadas no Chatdo YouTube superior
seraorespondidas ao final da aula.
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d'agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

Proxima aula ?

As questbes postadas no Chatdo YouTube
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d’agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

As questdes postadas no Chatdo YouTube
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d'agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

‘ REFPROP (air (dry]) - MIST Reference Fluid Properties (DLL version §,1)

File Edit Options Substance Calculate Plot Window Help

Cautions

21 air (dry): Specified state points E@
Temperature | Pressure| Density | Enthalpy|  Cp Therm. Cond. | Viscosity Brandi
Q) thar) | (koi®) | (kdfeo) | (kdfkgrK) | miwimek) | (HPacs)
1 29.000 10000 | 11533 | 428,48 | 1.0064 2h.544 18,641 | 070678
2 25,000 1.0000 | 11688 | 424,44 | 1.0063 26,247 16,448 | 0,70729
3 21.000 1.0000 | 115848 | 420041 | 1.0062 25,945 18,254 | 070781
4
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d'agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

‘ REFPROP (air (dry]) - MIST Reference Fluid Properties (DLL version §,1)
File Edit Options Substance Calculate Plot Window Help Cautions

21 air (dry): Specified state points E@
Temperature | Pressure| Density | Enthalpy|  Cp Therm. Cand. | Viscaosity Prandil Q - m : (hl - ho) - pl\/l . (hl - hO)
Q) thar) | (koi®) | (kdfeo) | (kdfkgrK) | miwimek) | (HPacs)

1 249,000 10000 | 11533 | 428,48 | 1.0064 26,544 18,641 | 070678

2 25,000 1.0000 | 11688 | 424.44 | 1.0083 26,247 18,448 | 070728 k 3 kJ

3 21.000 1.0000 | 11848 | 420.01 1.0062 26,948 18.264 | 0.70781 Q _ -| ]533 g O 025 m (428 46 420 4])

4 — [ ] - A [ - [] - [] -
m°> S kg
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d'agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

‘ REFPROP (air (dry]) - MIST Reference Fluid Properties (DLL version §,1)
File Edit Options Substance Calculate Plot Window Help Cautions

21 air (dry): Specified state points E@
Temperature | Pressure| Density | Enthalpy|  Cp Therm. Cand. | Viscaosity Prandil Q - m : (hl - ho) - pl\/l . (hl - hO)
Q) thar) | (koi®) | (kdfeo) | (kdfkgrK) | miwimek) | (HPacs)

1 249,000 10000 | 11533 | 428,48 | 1.0064 26,544 18,641 | 070678

2 25,000 1.0000 | 11688 | 424.44 | 1.0083 26,247 18,448 | 070728 k 3 kJ

3 21.000 1.0000 | 11848 | 420.01 1.0062 26,948 18.264 | 0.70781 Q _ -| ]533 g O 025 m (428 46 420 4])

4 — [ ] - A [ - [] - [] -
m°> S kg

L J

t = 0.02883kg /s
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d'agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

REFPROP (air (dry]) - MIST Reference Fluid Properties (DLL version §,1)
File Edit Options Substance Calculate Plot Window Help Cautions

21 air (dry): Specified state points E@
Temperature | Pressure| Density | Enthalpy|  Cp Therm. Cand. | Viscaosity Prandil Q - m : (hl - ho) - pl\/l . (hl - hO)
Q) thar) | (koi®) | (kdfeo) | (kdfkgrK) | miwimek) | (HPacs)

1 249,000 10000 | 11533 | 428,48 | 1.0064 26,544 18,641 | 070678

2 25,000 1.0000 | 11688 | 424.44 | 1.0083 26,247 18,448 | 070728 k 3 kJ

3 21.000 1.0000 | 11848 | 420.01 1.0062 26,948 18.264 | 0.70781 Q _ -| ]533 g O 025 m (428 46 420 4])

4 — [ ] - A [ - [] - [] -
m°> S kg

L J

t = 0.02883kg /s

Q = 0.2321kW
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Equacdo do decaimento da temperatura
ao longo da tubulacao
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Balanco global de energia...

T.(x) — perfil axial de temperaturas

T.(x) — perfil radial de temperaturas

p = perimetro
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Balanco global de energia...

p = perimetro
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Balango global de energia... dQcony =PAX - Geony

p = perimetro Q—W=ka-(hk +%V2/2)— ka-(hk%%m)
sai entra
pqconvdx =m ym/_i' dhm) _%

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.



Balanco global de energia...

/

Solucao direta via método numeérico de
solucao de equacao diferencial

h:h(P,T)l

Implementagao numeérica...

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.




Balanco global de energia...

/ N\

Solucao direta via método numeérico de Solucao analitica a partir de hipoteses
solucao de equacao diferencial simplificadoras
_ _C . gases perfeitos
h=h(P,T) l h= CP Tl “fluido incompressivel” (C,=C,)
Implementagao numeérica...
P G m.dTm_phconv,(Ts_Tm):O @
dx Co
Fluxo de calor constante — Tn(X) =Ty, + pch% X
P

h
Temperatura superficial constante — To(X) =T, = (Tg - T exp[ Pmcconv ,X]
P




Geometria cilindrica... variacao radial da temperatura

———————————————————————————————————————

_______________________________________

Obs.: Q=¢q;-A =4, A,
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Geometria cilindrica... variacao radial da temperatura

d de 0
dr dr

+& Obs.: Limﬂ:O
I r—oo dr
1 > T(r)
N j dT = j C2 g
Q:qi'A qo
STl - In(rr] C, «Tr)=T
Equagcdo do T _T x
decaimento radial da = Hr)=T + L n| —
' In(r, /r)  \n
emperatura
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Geometria cilindrica... variacao radial da temperatura

e v (om0 (koo
I ol ar

TN =T + o= -In[ij
In(r, /r) r
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Geometria cilindrica... variacao radial da temperatura

V-(kvT)=0 > SRS L
I dr\ dr

TN =T + o= -In[ij
In(r, /r) r

B 2mLk
In(ry /1)

(Ti _ o)

dT
Q= —kAM) () = -

Q=mnA;(T;—Ty,) > T; =hiAi+Tm
Q=hA(T—TOO)—>T =—Q — T
o“*0 (0] (0] hOAO
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Geometria cilindrica... variacao radial da temperatura

V.vT) =0 [kll-o
dr{ dr

Tr) =T +ﬁ-ln[q
ln(ro /ri) r'i

B 2mLk
ln( ro/ri)

dT
Q= —KA() (1) = - (T = To)
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Geometria cilindrica... variacao radial da temperatura

V.vT) =0 [kll-o
dr{ dr

Tr) =T +ﬁ-ln[q
ln(ro /ri) r'i

LA dT L 2nLk T
L Q=- (F)E(r)—”'—ln(ro/ri)'(i_ 0)
...=M:UA-(Tm—Tw)
total
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Geometria cilindrica... variacao radial da temperatura

e 7.0 Lkd oo
&) dr dr

TN =T + lo ~ 1 -In[Lj
In(r, /r) r

= —kA dT()— e Sy
e R TTEN S B
Tm_Too .
= ] +In(ro/n)+ 1 . = T’E I, =UA-(T -T)
2nrlh,  2nlk  2nrLh, total

def o (r 1o -1 coeficiente global de
A=1nDL—> U=|—+1ilIn<|+—.L transferéncia de calor
h k (r hy 1o (condutancia)
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Geometria cilindrica... variacao radial da temperatura

TABLE 13-1

Represantative values of the overall heat transfer coefficients in
heat exchangers

Type of heat exchanger U, Wim2 - °C*
Water-to-water 850-1700
Water-to-oil 100-350
Water-to-gasoline or kerosene 300-1000
Feedwater heaters 1000-8500
Steam-to-light fuel oil 200-400
Steam-to-heavy fuel oil 50-200
Steam condenser 1000-6000
Freon condenser (water cooled) 300-1000
Ammonia condenser (water cooled) 800-1400
< > Alcohol condensers (water cooled) 250-700
L Gas-to-gas 10-40
Water-to-air in finned tubes (water in tubes) 30-60'
400-8501
Steam-to-air in finned tubes (steam in tubes) 30-300t

Obs.: Q=¢;-A;=q,-A 400-4000°

*Multiply the listed values by 0.176 to convert them to Btwh - ft? . °F.
"Based on air-side surface area.

*Based on water- or steam-side surface |area.

def o (r 1o -1 coeficiente global de
A=1nDL—> U=|—+1ilIn<|+—.L transferéncia de calor
.k f o 1o (condutdncia)
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Geometria cilindrica... variacao axial da temperatura

Eliminando T, do
equacionamento

A
\4
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Geometria cilindrica... variacao axial da temperatura

. dT, ph
i@f m-—m _Fleew (T _TY)=0
rex dx G (T = Tn)

Q :UAi (Tm _Too)

____________________________________________

\ Q = hairAi ) (Tm o Ts)
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Geometria cilindrica... variacao axial da temperatura

on) m.%_M.(TS_Tm):O

] ) o dx G
- Q=UA (T, -T.) ’
/ \\E“x \ _’Ts:Tm_h '(Tm_Too)
Q= hairAi ' (Tm - Ts) ar
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Geometria cilindrica... variacao axial da temperatura

Q:UAi'(Tm_Too) U

_’Ts:Tm_h '(Tm_Too)
Q= hairAi ' (Tm - Ts) ar

equacgao do

l balanco global

de energia

: dT

icp - I ph (T -Ty=0 (20
P C|X p air ( S m) J"&

A
\4

AsS queslﬁes postadas no Chatdo YouTube
seraorespondidas ao final da aula.



Geometria cilindrica... variacao axial da temperatura

Q:UAi'(Tm_Too) U

_’Ts:Tm_h '(Tm_Too)
Q= hairAi ' (Tm - Ts) ar
equacgao do
l balanco global
de energia
mC, -ﬂ—phair (T,-T.)=0
dx

_ U
mCp - dx Phair - [(Tm - h__(Tm — Tm)) - Tm] =0-
air
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Geometria cilindrica... variacao axial da temperatura

Q:UAi'(Tm_Too) U

_’Ts:Tm_h '(Tm_Too)
Q:hairAi'(Tm_Ts) ar
equacgao do
l balanco global
de energia
I’.hCP'dh_phair'(Ts_-l-m):O
) R dx
L
|
Mo T Py | (T = 7 (T~ T) ) = T = 0 G- IIm 4 pU (T, ~T,) =0
P "y air m ho m 0 m P-d—x+p Ny — 1) =
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Geometria cilindrica... variacao axial da temperatura

e ERURLARL
R Q=UA (T, -T.) '
\‘\‘1‘: \ hoOA (T T_’Ts:Tm_h_ (T - T.)
E Tm :Tm(x) Q= air i'( m s) arr N
| \/ equacio do
b l balanco global
N S S de energia
T
mC el | H h . T —T =O oW
. R P C|X p air ( S m) J"‘E
L
}
hC il h T, A Tl =0 c. . 9Tm oo
mP'W_p air * m_@(m_ oo) —Ip| =V mCP-d—X+pU-(Tm—TOO)=O b";“d
}

d(Tp-T.)__PY .

Tn-T.  mG
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Geometria cilindrica... variacao axial da temperatura

Q=UA (T, ~T.) '
— T, =Ty (T = T.)

Wogona.r, -y
Tm = Tm (X) a s equacgao do
\/ l balanco global
2 de energia

______________________________________ : dT i@?
m( : . m h L. | —_ | — O A
P C|X p air ( S m) ;'Jr‘"‘-.i

< [ >
}
: ATy u _ : dT, ( \
me'W—phair- Tm—m(Tm_TOO) _Tm =0- mCP'd—X‘I‘pU'(Tm—TOO):O L,Ie;g;’-
Tm,s L
d(Tm_Too) _ _ pU -dX—) I d(Tm_Too) _ pL lJ.UdX
T T, mC, L

T,-T, mC, X
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Geometria cilindrica... variacao axial da temperatura

. dT,, ph
m.om _Pleow (T _T Y-
@ dx Co (T = Tn)

Q:UAi (Tm _Too)

............................................. U
\ _’Ts:Tm_h '(Tm_Too)
\/ equacdo do
l balanco global
_____________________________________________ de energia
: dT,
mC, -—™ —ph_. -(T,-T.)=0 m
R P dX p air ( S m)
L
}

_ U
mCp - dx Phair - [(Tm - h__(Tm - TOO)) - Tm] =0-
air

Tm,s
dx » j

Tm,e

... calculado @
temperatura axial
media

d(Tm—Too)_l_ pL 1
T -T, mC L

d(T,-T.)__ pu
T.,-T, mCp




Dittus-Boelter ?
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Dittus-Boelter ? =cte =cte

Escoamento turbulento desenvolvido (Re > 10%):

Superficie lisa: Nu = 0.023-Re*/°.pr"

(DiftusBoslter).  n-03p/T,<T,

n=04p/T,>T,

0.7= Pr=160
Rep= 10,000

E%zll]
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Dittus-Boelter ? =cte =cte

Escoamento turbulento desenvolvido (Re > 10%):

Superficie lisa: Nu = 0.023-Re*/.Pr" _
EEEEES »oosoir.r T _25°C > p=1.1688kg/m’ n=18.448 wPa-s C, =1.0063k]/kg/K
n=0.4 p/ T,>T,
0.7< Pr=160 k=26.247 mW/m/K Pr=0.70729 \ﬁ)‘
Rep= 10,000 .
L
D= 10
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Dittus-Boelter ? =cte =cte

Escoamento turbulento desenvolvido (Re > 10%):

Superficie lisa: Nu = 0.023-Re*/.Pr" _
(Dittus-Boelter) n-03p/ T, <T. T=25C— p=1.1688kg/m® n=18.448 yPa-s C, =1.0063kJ/kg/K
n=0.4p/T,>T,
0.7=< Pr=160 k=26.247 mW/m/K Pr=0.70729 \ﬁ)‘
Rep= 10,000 i
L_ _ .
Loy Re_PUD _pD Vi _1.1688:015 0025 .., 0
0) uw nb /4 18.448-10° =-0.15°/4
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Dittus-Boelter ? =cte =cte

Escoamento turbulento desenvolvido (Re > 10%):

Superficie lisa: Nu = 0.023-Re*/.Pr" _
(Dittus-Boelter) n-03p/ T, <T. T=25C— p=1.1688kg/m® n=18.448 yPa-s C, =1.0063kJ/kg/K
n=04p/T,>T,
0.7=< Pr=160 k=26.247 mW/m/K Pr=0.70729
Rep= 10,000 i
L_ _ .
Lo Re_PUD _pD Vi _1.1688:015 0025 .., 0
Tl uw nb /4 18.448-10° =-0.15°/4

Nu = 0.023-Re*> .Pr®3 = 0.023-(1.344 -10*)*° . (0.70729)%*
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Dittus-Boelter ? =cte =cte

Escoamento turbulento desenvolvido (Re > 10%):

Superficie lisa: Nu = 0.023-Re*/°.pr"

(Dittus-Boelter) n-03p/T.<T. T=25C— p=1.1688kg/m°> n=18.448 pPa-s C, =1.0063kJ/kg/K
n=0.4 p/ T,>T,

0.7=< Pr=160 k=26.247 mW/m/K Pr=0.70729

Rep= 10,000

L:-‘-r . .

=10 Re:pUD:pD V.,  1.1688-0.15 0.025 _1.344.10%

W u nD2/4 18.448-10° n-0.15%/4

Nu = 0.023-Re*> .Pr®3 = 0.023-(1.344 -10*)*° . (0.70729)%*

-3
NU — hD; b= 26.247-107 - 40.206 _ 2 035 W
k 0.15 m? K




0.15 — 1500

2

m- K mK m- K
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(UAi)_] =

7.035 \/2V

m- K
] ] ] 0.17
+ In| ——
nL£7.035-O.15 2-0.15 (0.15
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0.15 —
mK

]

_I_
1500-0.17

1500

m? K

] — UA, =2.295.L



mC,
7.035 VQV
m- K
(UAi)‘]:] ] N ] In 0.17
nL{ 7.035-0.15 2-0.15 0.15
e
= exp| — - —>
mC,
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0.15

1500

mK

1

_I_
1500-0.17

m? K

] — UA, =2.295.L



(UAi)_] =

7.035 \/2V

m- K
| | ] 0.17
+ In| ——
nL\ 7.035-0.15 2-.0.15 (0.15

J

0.15

1500

mK

1

_I_
1500-0.17

2917
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21-17 2.295-L
=exp| —
0.02883-1006.3

m? K

] — UA, =2.295.L



(UAi)_] =

1

0.15

1500

m- K mK

i

|

] ] 0.17 ]
+ In| —— |+
7.035-0.15 2-0.15 (0.15] 1500-0.17

21-17 2.295-L
= exp| —
0.02883-1006.3

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.

2917

m? K

] — UA, =2.295.L



Considerando propriedades termofisicas variaveis...
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Balanco global de energia...

/ N\

Solucao direta via método numeérico de Solucao analitica a partir de hipoteses
solucao de equacao diferencial simplificadoras
_ _C . gases perfeitos
h=Hh(P,T) l h= C Tl “fluido incompressivel” (C,=C,)
Implementagao numeérica...
penens T P 1y
dx Co

uzu(P,T),...l

Implementacao numeérica...
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Geometria cilindrica... variacao axial da temperatura

mCP % +pU- (Tm —T,)=0 e el EliminadaT,daeq. m
X - -
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Geometria cilindrica... variacao axial da temperatura

Y
—1
_____________________________________________ U= i_|_r_i|n ro + ] .ri
h k () hy rg
L
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Geometria cilindrica... variacao axial da temperatura

\4

Dittus-Boelter =cte =cte

Nu = 0.023-Re*/>.Pr"
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Geometria cilindrica... variacao axial da temperatura

\4

Dittus-Boelter =cte =cte

Nu = 0.023-Re*/>.Pr"

Re =

puUD Cou
o k

L

Tm
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Geometria cilindrica... variacao axial da temperatura

iC, - Im | pU (T —T.)=0
dx

ol P UT,)
_m ) _ _ T )= m y
) ] " T T
m,J+;:I m, +aj'(Tm,j_Tw):O
X

g =Ty =0 (T = T)-ax - e
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d'agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

TO T] T2 T]‘? T20

29°C ——>| 1|2 |3 |a|5|6| 7|89 |10]11]|12|13|14|15[16|[17]|18[19]20]|—> 2]1°C

T T —o (T

mj+1 = 'm.] mj

T )-dx —
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8.31: Para resfriar uma casa de verao sem uso de um ciclo frigorifico, ar € encaminhado através de
uma tubulacao de plastico (k=0.15W/m/K, D;=0.15m, D,=0.17m) submersa em um corpo d'agua
adjacente. A temperatura da agua € normalmente de T_=17°C, e o coeficiente de conveccao é
mantido em h,=1500 W/m?2/K na superficie externa da tubulacao. Se ar proveniente da casa entra
no tubo a uma temperatura de T,;=29°C e uma vazdo volumetrica de V;=0.025m3/s, qual extensao
L € necessaria para que a temperatura na saida seja de T, ,=21°C ?

T, T, T, Tio Too
29°C ——>| 1|2 |3 |a|5|6| 7|89 |10]11]|12|13|14|15[16|[17]|18[19]20]|—> 2]1°C
L
Tm,'l:Tmlo_ao'(Tm’o_Too)'dx

Tm,2 - Tm,] — Oy (Tm,1 - Too) ’ dX
T =T =0 (T~ T)-AX > = =T 3 =T, —ay (T, = T,)-dXx

Tn20 = Tnie = 0yg (T 1o — T, ) - AX
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Arguivo Inserir Farmulas

s % Recortar

Pégina Inicial Layout da Pagina

K B Copior ~ Calibri -1 A A T ==
Colar i N T §-~ ==B| ==
. ¥ Pincel de Formatacdo = == ——
Area de Transferéncia ] Fonte P
Al - Eo|lp
A B C D E F

1 | P_l 1 bar posicdo X

2 ho 1500 W/m2/K 0 0
3 k 0,15 W/m/K 1 0,67
4 Di 0,15 m 2 1,34
5 Do 0,17 m 3 2,01
6 Tinf 17 oC 4 2,68
7 Tmi 29 oC 5 3,35
8 Vi@ i 0,025 m3/s 6 4,02
9 | ViM@i 0,02883 kg/s 7 4,69
10 8 5,36
11 9 6,03
12 Tmo 21 oC 10 6,7
13 L 13,4 m 11 7,37
14 N 20 nd 12 8,04
15 dx 0,67 m 13 8,71
16 14 9,38
17 15 10,05
18 16 10,72
19 17 11,39
20 18 12,06
21 19 12,73
22 20 13,4
23
24
25
26

Planilhal ®

Pronto

Revisdo

Exibir

E—F‘ CQuebrar Texto Automaticamente

Q Diga-meoq

Mesclar e Centralizar -

Alinhamento

Tj

29
28,3574
27,7494
27,174
26,6296
26,1145
25,627
25,1657
24,7291
24,316
23,925
23,555
23,2048
22,8733
22,5597
22,2628
21,9818
21,7158
21,4641
21,2258
21,0003

H
p
1,15301
1,15548
1,15782
1,16004
1,16215
1,16416
1,16606
1,16787
1,16959
1,17122
1,17276
1,17423
1,17562
1,17694
1,17819
1,17938
1,18051
1,18157
1,18259
1,18355
1,18446

Geral
e, ag ooo

N Mimero

I

U (m/s)

1,41471
1,41169
1,40884
1,40614
1,40358
1,40117
1,39888
1,39671
1,39466
1,39272
1,39089
1,38915
1,38751
1,38595
1,38448
1,38308
1,38176
1,38051
1,37933
1,37821
1,37716

exemplo aula TC3.xlsm -

,

€0 00
b0 50

Condicional ~

F]

J

1 (Pa.s)
1,8683E-05
1,8652E-05
1,8623E-05
1,8595E-05
1,8569E-05
1,8544E-05

1,852E-05
1,8498E-05
1,8477E-05
1,8457E-05
1,8438E-05

1,842E-05
1,8403E-05
1,8387E-05
1,8372E-05
1,8357E-05
1,8343E-05
1,8331E-05
1,8318E-05
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Tutorial: montagem da planilha de simulacao...
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