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CONVECGAO DE CALOR EM ESCOAMENTOS EXTERNOS




Conveccdo forcada / escoamentos externos




Adimensionalizacao das equacoes de escoamento sobre uma placa plana...

U, T, ux=x;,y T(x=x5,Y) a_u+8_v:O < massa
,—'> ; —> OX 5y
= — ou ou 1 8% |
—— —> Uu—+V = 5 < g.de movimento
— — OX oy Re oy
— — or oT 1 8% |
) [ U—+YV = 5 < energia (desacoplada)
3y S OX oy Re-Proy
.
7 _
def N

Nu = f(Re ,Pr )

‘ | C
Re = P UOD caracteriza o caracteriza Pr = p“

1 escoamento o fluido

~




Adimensionalizacao das equacoes de escoamento sobre uma placa plana...

U, T, ux=x;,y T(x=x5,Y) a_u+8_v:O < massa
,—'> ; —> OX 5y
= — ou ou 1 8% |
—— —> Uu—+V = 5 < g.de movimento
— — OX oy Re oy
— — or oT 1 o7 |
) [ U—+YV = 5 < energia (desacoplada)
3y S OX oy Re-Proy
- | 7, 77 7
def N

Nu = f(Re,Pr )

p/ eq. conveccdo natural

DH —>Nu=C-Re".Pr"




Adimensionalizacao das equacoes de escoamento sobre uma placa plana...

laminar turbulento

Nu = — Nu, =0.332-Re,>-Pr'/? Nu, =0.0296-Re,”°-Pr'/?

Pr > 0.60 0.6<Pr<é0 5.10° <Pr<10’

entire plate entire plate
laminar turbulent

Nu, =0.664-Re **-Pr'/® NU, =0.037-Re, °8.pr'/3




Escoamento ao redor de corpos prismaticos: a esteira de Von Karman
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Escoamento ao redor de corpos prismaticos: a esteira de Von Karman




Escoamento ao redor de corpos prismaticos: a esteira de Von Karman
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Q= hAIc1’rerc1|

Nu=C.Re™.Pr"/s

properties @ T, .y =

(T-T,)

T +T,

2

Empirical correlations for the average Nusselt number for forced convection
over circular and noncircula

and Jakob, Ref. 6)

Cross-section

of the cylinder Fluid Range of Re Nusselt number
Circle 0.4-4 Nu = 0.989Re0-330 prl’3
N T e 4-40 Nu = 0.911Re0:385 pyl/3
b | oo | 40-4000 Nu = 0.683Re0466 prl/2
! 4000-40,000 Nu = 0.193Re0618 prl/2
40,000-400,000 | Nu = 0.027Re0-805 prl/3
Square Gas 5000-100,000 Nu = 0.102Re0675 prlf3
T
!
Square b | Gas 5000-100,000 Nu = 0.246Re0-588 prli3
(tilted D
45°)
Hexagon Gas 5000-100,000 Nu = 0.153Re0638 prl/3
al
Hexagon j Gas 5000-19,500 Nu = 0.160Re0-638 pyrl/3
(tilted 19,500-100,000 | Nu = 0.0385Re0782 prli3
45°) P
Vertical T Gas 4000-15,000 Nu = 0.228Re0-731 prl/3
plate D
Ellipse Gas 2500-15,000 Nu = 0.248Re0612 prli3

g




EXAMPLE 7-5 Heat Loss from a Steam Pipe in Windy Air

A long 10-cm-diameter steam pipe whose external surface temperature is 110°C
passes through some open area that is not protected against the winds. Determine
the rate of heat loss from the pipe per unit of its length when the airis at 1 atm
pressure and 10°C and the wind is blowing across the pipe at a velocity of 8 m/s.

n REFPROP (air (dry]) - MIST Reference Fluid Properties (DLL version 9,1)
File Edit Options Substance Calculate Plet Window Help  Cautions

Propriedadesdo ar @ T, ¢qiq = (110 + 10)/2 = 60°C

1: air (dry): Specified state points

(=[5 =]

('C) (bar) | (kgim®) | (kdika) | (kdkork) | (kdfkgk)

Temperature | Pressure| Density | Enthalpy | Entropy Cp Therm. Cond. |VYiscosity

(=K | (pPacs)

Francil

—_

k0,000 1.0000 | 1.0458 | 459868 | 38861 | 1.0080

26,604 20.0584

0.70338

Re — pUD . 1.0458-8-0.1 —4.163 .|O4 Cross-section
€= - 20 099 ]O_é - . ) of the cylinder Fluid Range of Re Nusselt number
H : ' Circle 0.4-4 Nu = 0.989Re0-330 py13
N T | asor | 440 Nu = 0.911Re0-385 prl3
S 40-4000 Nu = 0.683Re0-466 prl/3
Nu=0.027-(4.163-10%)>%%.(0.70338)"° = ... T llauid | 4000-40,000 | Nu = 0.193Re0%18 pri3
- 40,000-400,000 | Nu = 0.027Re0805 prl/3
Nu=125.617




0.62Re"?pr'/3 Re )'° e
Correlacdo mais precisa: Nu=0.3 + — 1+ —J
[+ (0.4/pr2/3]"* | (282000

Nu=0.3+

4/5

0.62-(4.163-10%)/2(0.70338)3 | . (4.163-10*)""

I+ =122.266
[1+(0.4/0.70338)/2]" 282000

-3
WD _28804:10°:122266 ., W

kK 0.1 mZ2°C

Q:h'A'(Ts_Too) — A=71-D-L

_____________________________________ Q/L=hD-(T. -T,)

Q/L=122.266-%-0.1-(110-10) = 1.106kW /m




Conveccao natural / escoamentos externos




Conveccao natural: equacoes governantes e o numero de Grashof...

TS
l P-I—?Pd_x
- Temperature dax
pll'ofile NN S , FX — OX . dm
T | T a |
Velocity : | : ot dU aU dX 8U dy 5U 5U
[ ‘ 1 profile T dx I T+—dy OX =
o |1 N/ | J i L at “axdf ey df ox | ay
oP oP
P Z = @G
/ / T 5 0> l «— =P.9
Stationary 2
T fluid : aU aU a
Spe U v =i (o, - plo
% OX oy oy >
| . l «—Ap=p-B-AT Coef. expansdo volumétrica
p/ eq. conveccdo forcada 5U aU 52 Forca de empuxo
—>p- — | =u—F=+ gB (T T ) dependente da
8)( 6y @y temperatura

DI




Conveccao natural: equacoes governantes e o numero de Grashof...

TS

oP
P+—d _
_ Temperature l ox ! N 5, y* _ Z' U* _ E' V* _ x T _ T TOO
1T ' - : U U T-T,
T | T v |
Velocity : d| :
T [ ‘ 1 T fmﬁle B w I +:{h adimensionaliza¢cdo
u= u= | |
0 / 0 i J i |
P . . b 5
/ + OU . OU 1 0%u T-T )L 1 .
T U —F+V — = = + gB( 3 5 OO) . T
OX oy Re oy \Y Re
Stationary
T, fluid
/ at T, ,
: op(T. -T_°  forcade empuxo Andlogo de Reynolds
Gr = 5 =— — - para conveccdo
o | \% dissipa¢Ao viscosa  natural..

Forma genérica para o Nr. Nusselt:

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




furbulento

Gr<10’

Gr>10’

properties @ T4y =

Nu=C-Rad"

= hAIo’rerol . (T - Too)

T +T,

2

Empirical correlations for the average Nusselt number for natural convection over surfaces

Characteristic

Geometry length L, Range of Ra Nu
Vertical plate 10%-10° Nu = 0.59Ra}* (9-19)
T 10°-1012 Nu = 0.1Ra}? (9-20)
1 L Enti Nu = {O 825 + 0-387Ra}® (9-21)
e renge YT T I S (0.402/preE )
(complex but more accurate)
) Use vertical plate equations for the upper
Inclined plate surface of a cold plate and the lower
surface of a hot plate
L
B\/L Replace g by g cost for Ra < 107
gorrifmal Plalj oo . 10%-107 Nu = 0.54Ra}" (9-22)
urface area A and perimeter p 7 1011 _ 13 :
(a) Upper surface of a hot plate 10-10 Nu = 0.15Ra} (8-23)
(or lower surface of a cold plate)
Hot surface /T;
[ ]
Aslp
(b) Lower surface of a hot plate
(or upper surface of a cold plate)
‘ 1 N ‘ 105-10% Nu = 0.27Ra}* (9-24)
Ti
Hot surface
Vertical cylinder T A vertical cylinder can be treated as a
T ! vertical plate when
h L
p= 35
L Grp4
Horizontal cylinder T » i 0.387Ra}® 2
/ 5 D R397 10 Nu = {OS-FW (9-25)
i
(r———
4
0.589Ra}*
Spherd Rap = 1011 Nu=2+——— "0 ____ 9-26
& v [1 + (0.469/Pr* 1514 (826
D (Pr=0.7)
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Conveccao natural em superficies aletadas @ T,

O\ 1
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Bar-Cohen and Rohsenow

~ _ ) 3 . ) 3
W Q Ry < GBI —T) S o oo OB -T)L
- \\ B v v
\ QuieSCGl‘lt NU _ hSopT _ 576 n 2.873
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|
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Espacamento otimo (tfrade-off drea x vazdo):

3 ~ L
el ™ @ T, =cte - Sop =2.714 5 —>NU=1307
T“‘ \/\/\(\S L

Q=h-(2nLH)-(T, - T,)

«— t<<S

properfies @ T,,, =(T; +T,)/2



Conveccao natural em superficies aletadas @ q. = cte ...

4
IBa; S p,

R = kv?

hL 48 2.51
NU=—= + 52
k |Rag-S/L  (Rag-S/L)™

-0.5
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S4|_ 0.2
@ g, =cfe - Sop1=2.12.£—]
NOR

Q=q,-(2nLH) « t<<S§

properties @ T, =(T. +T,)/2 <« T =T, +q,/h
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EXAMPLE 9-3 Optimum Fin Spacing of a Heat Sink

A 12-cm-wide and 18-cm-high vertical hot surface in 30°C air is to be cooled by a
heat sink with equally spaced fins of rectangular profile. The fins are 0.1 cm thick and
18 cm long in the vertical direction and have a height of 2.4 cm from the base.
Determine the optimum fin spacing and the rate of heat tfransfer by natural
convection from the heat sink if the base temperatureis 80°C.

‘~7W:0.12111—3(L— .
. Propriedadesdo ar @ T, qqis = (80 + 30)/2 = 55°C

H=24cm /Q//Q/ B REFPROP (air (dry)) - NIST Reference Fluid Properties (DLL version 9,1)
File Edit Options Substance Calculate Plot Window Help Cautions

5 air (dry): Specified state points =

L:O 18 m Temperature | Pressure| Density | Enthalpy | Entropy Cp | Therm. Cond. [Yiscosity| Kin. Viscosity Prandt Yol Expansivity
‘ . () (bar) | (kgim?) | (kJikg) |(klkarK)|kdkgK)| (mwim-K) | (WPas) | (omes) (1K)
’Jv RR.000 1.0000 | 10617 | 45465 | 3.9808 | 1.0077 28.444 19.568 018713 0.70336 00030534
I :
_ o
L1 1=80°C

—_

2

~6 2 -2 2
yo B 19868107 a0y 40-5M° 4 g54.10-s 10 CM° _ g 1g71CM

p 1.0617 S S S




EXAMPLE 9-3 Optimum Fin Spacing of a Heat Sink

erros de digitacdo

A 12-cm-wide and 18-cm-high vertical hot surface in 30°C air is to be cooled by a
heat sink with equally spaced fins of rectangular profile. The fins are 0.1 cm thick and
18 cm long in the vertical direction and have a height of 2.4 cm from the base.
Determine the optimum fin spacing and the rate of heat tfransfer by natural
convection from the heat sink if the base temperatureis 80°C.

‘-7W=O.l2 m——»

ﬂ\”

(o

4 | o
L e I, =380°C
=1 mm—~ — 4

0Dbs.: Sopy >> 1 (= 7.45-)

— . 3 . . _3 —_—
Roy = PL—L) L g, 2.81:3.053-10 1180 =30) 5 753541 g44.107
v 1.8713-10
L 0.8
Syt =2.714 =2.714 =7.45mm
opt RO (1.846.107)°%
W 0.12 ~15aletas
S+t 0.00745+0.0001
h=Nu,,, —— =1.307 2928444 _ , g5 W
0.00745 m?°C

Q=hA(T,-T,)=

4.99.(2-15.0.18-0.024) - (80 — 30) = 32.335W
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Nusselt number and friction factor for fully developed laminar flow in tubes of
various cross sections (D, = 4A./p, Re = V', Dy/v, and Nu = hD,/k)

alb Nusselt Number Friction Factor
Tube Geometry or 6° I, = Const. g, = Const. f
800 T T T T T T T T Circle — 3.66 4.36 64.00/Re
700 .
Nux‘ 7 (T = constant) Q
U o Nu, 4 (g, = constant) 7
= | LDJ ] Rectangle alb
) | 1 2.98 3.61 56.92/Re
= 2 3.39 4.12 62.20/Re
Z — Re=2 x 105 : T 3 3.96 4.79 68.36/Re
b 4 4.44 5.33 72.92/Re
105 i 6 5.14 6.05 /8.80/Re
6 X 104 8 5.60 6.49 82.32/Re
3% 104 N % /.54 8.24 96.00/Re
104 alb
0 2 4 6 8§ 10 12 14 16 18 20 1 3.66 4.36 64.00/Re
D 2 3.74 4.56 67.28/Re
4 3.79 4.88 /2.96/Re
8 3.72 5.09 /6.60/Re
16 3.65 5.18 /8.16/Re
0
10° 1.61 2.45 50.80/Re
30° 2.26 2.91 52.28/Re
60° 2.47 3.11 53.32/Re
90° 2.34 2.98 52.60/Re
120° 2.00 2.68 50.96/Re




