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Table 5.4 Conduction shape factors:

Q = SkAT, Ry = 1/(kS).

Situation Shape factor, S Dimensions Source
1. Conduction through a slab AlL meter Example 2.2
2. Conduction through wall of a long 2m
thick cylinder war) ol 1) none Example 5.9
3. Conduction through a thick-walled 4711 (1o77)
hollow sphere roor meter Example 5.10
4. The boundary of a spherical hole of
radius R conducting into an infinite
medium
. Problems 5.19
7/ T Z 4TR meter and 2.15
///,
5. Cylinder of radius R and length L,
transferring heat to a parallel
isothermal plane; h < L
T2 -
N 2mL
¥ 7/ //// m meter [5.16])
7 Ay
L -
2 av
6. Same as item 5, but with L — 27 none (5.16]
(two-dimensional conduction) cosh™! (h/R) ° ’
7. An isothermal sphere of radius R
transfers heat to an isothermal
plane; R/h < 0.8 (see item 4)
(" 4R
77/ /// 1// T%/Zﬁ meter [5.16, 5.17]
/'
o
/ v / / A 245



Table 5.4 Conduction shape factors: Q = S kAT, Ry = 1/(kS) (con’t).

Situation

Shape factor, S

Dimensions Source

8. An isothermal sphere of radius R,

near an insulated plane, transfers
heat to a semi-infinite medium at
T (see items 4 and 7)

41R -
1+ R/2h meter [5.18]
"l /
/]
o116
9. Parallel cylinders exchange heat in
an infinite conducting medium
R, Ra g" 3 none [5.6]
- cosh~! (LZRi-R
2R1R;
Ty be— L ——PI T2
10. Same as 9, but with cylinders T 2m 7 none [5.16]
widely spaced; L > R; and R; cosh™! (——) +cosh™! (—
2Ry 2R,
11. Cylinder of radius R; surrounded 2m
by eccentric cylinder of radius - R2 + R? - 12 none [5.6]
R, > Rj; centerlines a distance L cos 2RoR;
apart (see item 2)
12. Isothermal disc of radius R on an
otherwise insulated plane conducts 4R meter [5.6]
heat into a semi-infinite medium at
T below it
13. Isothermal ellipsoid of semimajor

axis b and semiminor axes a
conducts heat into an infinite
medium at Tw; b > a (see 4)

411'b\/1 - a?/b?

tanh™" (/1 - a2/b?)

meter [5.16]

246
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Tohuhr Soluhons
3/060/9/6 have cOnvan)@mg 7ZDAJ/OHZCO/ 7%@ S‘D/L/’/é'or)_g n 3,0&/'74')(’

Qae/ome%ﬁes
We  ltnow : 9=‘P(—>Z)6},fcor\:_0> {or o slob
;V\\C con ‘ofm1 our results for a 9N@n X os O\"anc“'ion of BitFs
! @ 4>

Ihe--------

_———— - 6‘,—90’ h—=o (No heod ,oSS,G=c:>ns{

o >C-F =%t

jfgcxme for o Cy ’Mc}er: 1001’ a Si\lm r= _rl"_ , 0= 'P(F, g',fo ) FB&)
° ' h
h, T \—EJ; e

R

T

T genersl, Hhese Fobulor solabons are provided 4 simple

| use.

| 7
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Nenod M i\é'/(av/ ¢

EXQmpIC, /4 /Qr € /)Q}/S?LDI’JC ﬁ(e Sﬁ}ere)J 3.5 cem in aZ’C\mc/Cr‘
[ in}'/i&/[y ml T,ﬂ= -20°C A//S /A 7%@ 5‘urmuno//'nj or ot 7;=5°C
0\7L -/-rzminc\/ \lf/oché.

[(;Ce = ,?,22W/m'K

T —ser Kice = 1.26x10" € m/s
]» T A\> h =15 W/m?- K
T T 7\ T

g&) H‘Ow /0»19 w':// }7Z ALC (/Je%re %c O(J/CI’ surface zéej)ns%me//)
b) Wl'lml Is #’rc %cm,oenﬁure of -/Ac (‘emlcr- w/»m }¥ Aejim 710
me# DUL 74’?6 SurACe?

To So!ue, we can s)mp/y use our 0/)&/’7[ on ,03 79 of n«:%cs.

8;2 = hk =Q25W/m7'K)(O.O[7'Sm)_

k (2.22w Jm K) - 0985 %1

,[H Hﬁe 'ms%rr} ‘Hﬂc Surﬁme Eeﬁins to me H, the surface
iﬂtempemvlure_ s [=0%C

6= T"Toc = OOC—SOC - OZ.
T -Te  —20°C-5%C '

/

Fromm our CI’IGU"{‘ mL %E‘ = ‘gc' =1 (SUWQCC) ) Z 8=O'2’ gi—:i
ic‘e'é °E~h
F_D = Oé = D;OZ = -é ,éo(;cc = /465@(‘0”&5/
For pgml([:) we can usé %Ae same g/'ﬁo, FO; C'”’D/ 5‘0/Ve -éf 94




Neviad M é'/tow'c

Corm/uC‘}’ion in 204 30 bhodies of /‘:inivlﬁ E_xvleml

ESO ‘po.r wevc /eamea/ 7ZD /)cmo/c 70 717&)”7.91&/’77[ -/40/716 éoa/
pro[n/&rr)s /LILOV\J Jo we c/ecx/ wn[/ﬂ 20 or 30 prmé/@rns7

I/‘s eosier than it seems.

'Assumc we hove  the %Howmj 20 bor Eemg cooled

AR
{ T \ 7 2o (bor is 'ma‘.’n'.lcinz,zo)
T t f

TTT 26 : > X TTT["'T‘”
| < 20 :/(C&cl’l side ot x=ta £y=th

— T experiences convective heod fransfer
s

Our 30\;ermn3 ecl/ua"’)on INK

= + e B’(—%{ = Needs 4 B.C's and 1TC Ho solve

=0 (Symme%)
_ ] er = =6) | ne balonce od the frpus !
) LL@V/M h(T(4=5) -T..) (Enegy bolomce o ’W”




/V&noo/ /L/,é '/cow’c

i
|
EOur IC is> D T(X.y,{=o>=_ﬁ

l NO”ZC, 'rgff #76 o,na/ysis) %5 /1 0r) eac/) sjc/c /75,0 /:io/c) nccc/
ot be fhe same.

|
:I'p we O\Pp)y 'H')e S’e,oara-,ian O‘F \I&r]Q‘:),CS oxﬁo\;n:
|

T(owd) = X (L) Y (k) = Bock substhade b POE

Vx? Sy2 < 8t < O+

Oiv‘nJe, J:o”\ s'nJes 137 X_Y £ reamnje

Lo(X L axXy . _ 1L /3 _ 197
- X (sz < L)~ V(ayz uaf)’k@
| ezy 9Gb)

| Where l’\@:) =0 since the x 1\/ solutions are 7[2*”4‘1”6”4&[7

<Imi Jor in C”)aracjrﬁfr:

X _ | X _ O /

gxz % ot /\/Ovlc, #)ese ore %e eXac-)L samé
| .@_I ___‘___Q_Y. =0 ea/ua#om as in 4he 10 cese we
| le < It \/'um[ c/m/

II—# 7[uyns ol,hl #)C se/aaroc/e o/irfc'A‘OﬂS can éc #fa\-/c’o/
md@p@nclm#\/. 7716 on /«/ 60/70/}7[7’0/7 /S 7%&-% 7gr /éc perscn'éeo/ Fo

I

in each directon, thet t s He some since Fme is same

;%r each ;e /mn,
{

/7/61’)('6 we Con UsS€ odr éra,pA?ca/ apéamaCA,/




'H@r)cc ér our 20 case’

O = (X B Fox)

8= p(;z)g) 8., Biy, Fo, FOY) -
l 9 = @x,Jc . @y,t (V‘On—climens‘uone;l ’E:)rm 01[ T(X.\/,J:)=Z' Y—>
9\,,£ = ‘p(gl 6)7/ ]:OY>

/\/enao/ /‘///'é'/tovic

T'—Too
T-To

—_ X —
X-= 7= %
. _ ha . = hb
g.x-_k. VI
=t N =t
Fox 02 I rolet Lrustbe o, = b*
'H'IC some |

%USC CLmsz onN

77 —/n 79 of nmles 1[0 so/ue Ar €oc/;

P €S
T/HC/CP&’)C/&’I% C}}rec—;l)'gn ond 'H’)CV) Coméihe f mu//;,o[/
T‘ Too
= - @x - B
6 _rl T .3 y.E

TAe Som<€ V\Jouu LQ Wlmc 1%f‘ o. 30 SIQE or o#’)er 3eome‘lln'(§’;

T" Tco
T,- _Toﬂ

'ZF

= ex.—l: . ey,‘b ’ QZ'\E

2b

'3
k— 20—

s

j/20

v ( :
" .
p=Sin
Z i LQA ﬁcmembaf, use some -‘: *ﬁor‘

ol Fo caleulations.
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At‘?XQmp/e/ /o Cooé o mam[ a/ oméon& z/ //e roas7[ /mm/
a7z743~/n O 7/Cm/06r&744r€ o £0° C. w /O;za &u/// 7Z 710»/16743
coolt o gzg@ roast 7

77 = é C ASSUmMéOfLS

Toven = [on = 175°C / 7;&17[ /’0057[ oS cy/r)o/er with 0=3l

h = /5 W/mf,}( ))/00571 /Okofer’léej similar o uum[fr

nS n pre r es.
XV T =175°C fe

& X? /S_W/m r (r=c Is cem-‘er m()fbus-)[)

,;’F ~ Z=0 1S ¢ '}
A - :/ \/V% ( of ro?sjj\

xl/\}e can VY)oclcl 1"{1}3 oS 20 Conc/uC‘/‘ior) n 12 Caortg'lf)mley
‘We need 4o solue or

T('”.?-né) = T(O, o,—L) = 80°C
We Juml lorned hod :

[inol
_.I._ _ TDQ /So(wlorz} g(oJ; SO(U"'Pon
@ = = er,-\‘-_ S
T - Tee
-I-(O'O"E) -Tso = gO:C "/?ioc - O. 6‘6‘
—Fy - T 6 C - [75¢C
6.5 = T(o,4) - Im/  Tlt)-T
T: ) 7;° S’QL 77 - 7; c//ma




Nenod /L/ié‘/tow'c

We \jus—} lco\rnch for 60@”7 SOIu'r}‘ion, we peed Bi £ Fo

B = hre _ L _ (/SVU/mZ'K)(L)
3 3 - 0.6 W/m’K’q'—__‘ Wﬁﬂlef %Aermo/Conc/uC‘)Zi\l':;’

'gqu we pneed L L

M=)o‘v‘ =p'2L.7ﬂ|%2 /
. :Lz[M J’-%:[ 225hy 7

2P 277 (1000 lﬁﬁ/ms)

[I_ = = 0 O?/2m7

p/uﬁ'mj bocle s our Bi #

Bi = 168 w/g;”———.‘g/

Now or Fourier # (h) Nete™: hee L=r, but no‘} ch )

-!%ﬁ c.:xse hence B: £F moy d
ot ou‘:

Fo = rrale z/s> £ /(o 07/2m)
/7‘_‘; =3 02 XD .£‘/

NOW we I’)eec/ 7/0 use 71}’)&/ ond eror 7o L?Uess #Dm our
710\&4/0\;’ So/u7[;'on3-'

Toial Llhoas) | 6/oifu | Boloil | B0
l 0.4 3.68 0.2 (;.72)| as2 (mw)| 042
2 0.2 275 0.8 0.65 0.33

So o our 5600/)0/ 74«;&/ W Aaue ﬂooJ chl’éememl wv% =056
| & T+ +okes 23 /xours 4o roast Hhe meal, ,



/\/@ﬁao/ M /&' lovic

l\/um.oyimL A‘ﬂa/ys}& m[_HeoJL Gmc(um’io_o__

So fﬁqr, we. /)a zéecr) S/ W%cvz ana/ 74‘01/ /7767[43a/
7[1) 30/\16_ /Ieonl Virans/)wuprgé/ms.é g )

§ome7[§me§, we are presen-/co/ wﬁ% mon—-%ﬁvi&/ 3eom€7[r}d
w}n"cl’) raa/u}re Humen'ces\/ S’o/uvlion mf%/lc Ac’zﬂ/ W&#O/’I.

For examp/e :

/ T.l /HDYC/ 1[0 QQJUQ O\n&(71[icau],
<<, 2-0 conducion _'jf l’W. Ts
T

| fe
h, e

[RE- =l

So ‘ﬂow c!o we SOIUC numcr)ca”y:

F‘xrswL we. neecl + Et’éa‘rt wo  our c!oma'm o o\'@n'nlc
S€+ oﬁ is_ggfg,_ Po'nrrls'.

Conhol Volume.

) b N+
AT TN

| -, N \__ -
; . RN § B
s \ )j("{} ! mn |
@ k ) @ 7w :' : M, n
/ - ) : N
\ <

v @ m,n—l

| Assame 7;,,.,, /S 7%& QU6M36 Jémpermlu;fa o/ /Aé Carmlro/ vo/r./mc_



/\/6/7010/ Mié’éo\//'(‘

Aﬂp{yinj an @”C'ay EO\IW)C& on our C’on’)TD/ Vo/umc:

L —ax—™H
X ': |
1 Y R T
, J
f”Lm.nu :I j
1 I | !
| Qman| e Yok | I
i m-hn _ ? Vm-n.n | |
| 4ma
" mni
|
— X —]

, 1";'—_i\f\ - Eowr =0 (ASSUM'JH\?) SS, un'rL Jep‘% (’(ZO), @m=0>
App Lﬁh\g Fouriers Law
_al-_ /\/o/c, ne aﬂlidﬁ $9n

c/ro/o,aeo/ becouse I~
L(b Tm_,'n — T;n,n -f’/ppeo/ LY

q’m—!,n—Dm,n y DK

= l/('Ay Tmln —Tm’H,n

Cl,m.n—i> M+ n AX

V\]ﬁ Can tlo #’!6 gome ’l%r‘ -H’\C \/-chrec'}‘fow ﬁqu:sJ—i-/-u-}c
imLo ouvr— &ne@y lbm/amef

k—i'){— (7:7\—1,;') —'Tm,n> - Zﬁ % (Tm,n "Tm+l,n>
+ l(%;—(; (7;,,,”_, _Tm,n> - [L%’;’(T/_n,n - 7;),/)—#1) =0




Menad M, /; bovic

Assum‘mﬁ AX =2y, we oEwLoinﬂ

|
| Tm—l,n T Tmﬂ, n + 7;:,;4-1 ’f'_/:n,n'H _7_ =>7[-/Z€ nmi:k/
F | e Y

nc’)ﬁ bours,

We. wouH o\)o,ob7 #)is e umLion 14:r o\” in-}aior r;oo’es,

BOMF)JQv;/ Qp&i}ﬁaﬁﬁ_ (APP’)CC[ '}'O G\H Sur’)%\(‘e or IDOunO’QV noc}d:,’

@ F‘zxec] T@m,oem"urc - Se‘}’ noL:le -@cmpe/ro("ure ‘rtD eﬁ/ua( #qq

‘ . OLIHCIOM7 cono’hL‘;or),

1 Tronn = Ts -
N I I R i il o

= of Texdbook.

T e - T,
@ Uribrn Head Flux (2)

¢  Tmine A,Op}y‘mﬁ an energy bolance -

Lm.—\,n‘%_s) e Ein - Egr =0
g ; B2 (Tnein Ton)  fa O
| o -l 5% (n,n—Tm.@) +9'sy =0

@ - AR
TF oxesy PTm on ATt + T + 252X 4T, =o§
igpfc'fa, case [,2/";0)5 / 7:n,n = ‘5"(27;7—/,;4 + Tm,n-—/ +Tm,n+/>/




| éc 4.2 mf Incmpem -

Conﬁgurat:on Fimte~D1ﬁ‘erence Equatnon for Ax = A y

mn+1

A N o e .
Y ; -;
l i lmm
m-1,n H H m+1,n
e Tm.n+l + Tm.n—l + 7:1:+Ln+ Tm—l.n - 4Tm.n =0

Case 1. Interior node

2(T -l.n+ Tm.ml) + (Tm+l.n+ Tm.n-l)

1, .
S +2%Tx—2(3+%")rm=o

Case 2. Node at an internal corner with convection

@T, 0+ Ty + rm_)+2”—A"r z(”—f’% z)r,,w=o

Case 3. Node at a plane surface with convection

( ma—1 + Tm—l‘l) +2%Tx _2(%1\’-'. 1) Tm.n=0

Case 4. Node at an external corner with convection

24" Ax
X

(ZTrn-l.n + Tm.n+| + Tm.n—l) + —4'Tm.n= 0

Case 5. Naode at a plane surface with uniform heat flux

25T0 obtain the finite-difference equation for an adiabatic surface (or surface of symmetry), simply set h or ¢ equal to zero.
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TTT‘ | T ) Z | M =*of nocles n x—t:)ffecJﬁ'On

2
1 43 N = ¥ owp nochs n Y—Jirem('ior)
M
* ,Ll,
L 4 P Ay - —— = 0.2
| y ® M—1 o
e —— |
A\/ = —— = 0.2m
N- |
m=g1n=g

; * cr( ir\‘lerior ners =16 E 3@ 710_#0\{ noJej

Bid of ex‘ler]or no&e& = 20
@ FOfm Afﬁjr@ vofume 6zi/u0:h0r15 ’ﬂar a" ;h‘léﬂ’)a/ nocJeS

| 2emeM-1 J 22neN-I

@FD(M ‘A‘H'\'I’C Volumf ea/umLions ’ﬁDf‘ &” Eoun(l&vy noo’f’s

SD‘UC MXN e ua‘HonS anJ un[,mowns using *
{ l} @Quss'ncmﬂ/ e lliminodion (A?rec—l) J

i i Gauss-Se'ntJe{ me#»od (ino!irem[ ond '.larm[ive)
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Naﬂac/ M/é /toV/'C

EXO\m‘plcl /4 121 m Scl}iqre corcrelf_ co/umn, Lf—‘—/ W//’ﬂ/(
Find Hhe 4@mp@m-]—ure d'ly}h';ou‘,-ion n Hhe column.

Te=500K

T = 500K Ts = 500K

e h= IOU\l/mZ'K
—% T = 300K

® Discrebize Fhe seludion domain -

T\f'ﬂ 5 E=5mK
Xm M=5,N=-5, bX=-05y=0I5m

L‘, <
3 J
2

1 4 Amb\auou& (\w!’\o\i clo we o\ss]?}n }’rere?)

2 )

h T we'll cl‘lsaxss -Hﬂ')s JaJcr,

@In‘}er'\or nocjeS T 2EM L4

Tmln = LIT(_,:Y\—H,Y\ + Tm—i.n "—Tm,n-f-l +'Tm,n—|>/
‘ 559 equahors

@ Ex4ehor norJes"

For: m=1, 24nes /
nN=5, 1&£mecg g{Tm,n = T; ?SOOK‘J—“ I ec?/ua';ions
m=35 6 24n£5
Nn= ), Q_ém’:‘f = Cor‘NEC‘h\IC éouno/ary cono)#'ion
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For %c C’onVEﬁl?'\/C 6ouno/0u7 C‘ono/;")é'on, /oo/( a-/ 73A/€ 4‘.2,62_4.4‘2‘7\
CZTm,nH 'l_Tm-l,n +Tm-rl.n) + i%l_\; - Z(bﬁ\/- +Z>']7nm=o

80&[& SUES"‘]"’U'I’]F)C} l’|K Too’ Z S‘O’U;f)& »é(‘ Tm,n i

Tmin :‘,;—(27;nm+l = Tcin *+ T —l-/S’oo)(

Ly 3 ciuoaLions
@w} whod obout the Corners?
ASSume. :
T- = _
SOOK- ) [;T.l’ :EA/—>2€%UD”’/7'O//)Y
—= h=low/m’K > 0
Too =300 K

@ASS&’Y)HC ‘H’\C e%&-hof) se+ ) 601/ut1‘3'10n51 75 LJnl(,nownj
@Scl\lﬁ 4{4@ S‘Cwl O"p Cﬂ/u&‘Hof)S (Wf w':H use Exce/)




500 500 500 500
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0-100 100-200 ©@200-300
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500
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500

5

300-400 @400-500
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Neviond /U//'\//'/zow'c

,,TmnS‘le/}?l Hewz (ono/ucvlion Numeric«a( SO/uJion
,/_ooltir\;? bocl ml our m-;r:rior node

m, N+ |
| vol
et Conhol velume
! ‘ |
e — 1B o 7 o
m-,n | ?m‘“ , MmN
o Tmnt '

Peckbering an eergy bolance on our corbol volume
Ein — Eowr = Esrored ©

Erored = PY¥C g% @ | |
Approximnoding @ as o [inear finction (DGSumi@ unh[c/e,o#))

, 7 A+ el
Es-rorcd 2— ?&XA\/C < Tm]n - Tm,n )

=

| ) wlnere: , AJC = fime S"l’@p

Tm,an = new \/o\Iué
Tm,np = O\c\ \/cJue

: F’Dr our other terms: _ =
H . . ' 7;),n', - Tm-l,”’
iEi“  Bour = e ox (0”37) ' sy (ornx) {

o WLIO(C 7 re'/)crs -I‘o , wL)en (%mc) -H]e, leufs ore. pansicle,reo(,
, @ Old va'ues - ex'o,ici“'

| (@ New volues —'lmoo)ici—( |

S @ Combinmqun - Cmnlﬁ‘ ,N}cAoISon ,SCA?/'?C’—

- ®



Nenod M /'\//'//ovf(’

e general agproach s -
Tonn - ()T |
O
1

Br sexp/ic# @fcf meues)
= /'m’g//“c/'-;l /new V&/ucs)

//2 = Creanc —Nj(‘_lf;o}Son s’e};emé‘ (famél'n&"["OQ_(

5.
I-
f -

NOvJ weé  lan éo\cé sué\m[iv[u/e & so/ue»‘
E"in - éouT = ésmzsﬂ
— 7 ? ? ?
éi(m—/'n‘ﬁn»%)‘kéi m,n "7-;n+/n>

P _p
i(. 22 (7:}%,1 / /mn) Z( (T n Tm n+l> PAXAYC(AJ; y
O‘l\licl}@ cgoﬂ'\ S}Jcs E\/ Axay‘/i)c ) X = ﬁ%
! 7 P 2
L Tenpn i [min i _ Tnel - 2T mn + Tm-in -~ 7;n,n+/ +277v,nﬁj‘l
“ At (2x) (A\/)zk—
BT — o T
oL 2%T /] inearisodse E%
axz / Igzqz;sc '/; s)
@ fCI‘{L G )
p — _
L " 7;n,np: [ m+i ’27:7;,,’; +Tm—i_):) + 7:n,n+l + 2 T + -
>t (6x)* (2)*

L&ASSumi?? AX’-‘A?’ C\V)Cl/ 10 (X—onl/)




Nenod /V//'j/tovi ¢

Tor " = T g;jji( )

NG
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14// #vec prmé'/es /004 Sc%— S/'m/'/ar n r)owlure,

Assume : O = 10(,2{ = vl (Same similor VuriablC
) ’ ¢ ! VX os i Hhe &Jma’ynam'xc G\s

8 _ 38 27

X o7  Aax

8o _ 88, Q_’,_Z; 6ac[( Sucés/i'/[mlé 7%@56 /'n'/o our eneygy

&  8n 9y c?}umlion PUE

90 _ 2% %)z

dyz o \ey
Qe , 00 _ 2% _ 89 27 98 27 _ 2B /A
Uox Ve, == oz 7 Usyp ax TVar 2, “%ap éy)

NO‘!ﬁ, we olso low Fhod : }:=\/,Z¢c/,z7 U = ;Z{[;Z) = %zg
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gacl( Su[:?li‘r/‘ulﬂdj ano] C/Oinj Some a@ebm/ INE OA‘I/'D\}O ’

10’3‘@ o rick : pf%'/:@ = F(z*) ; ’Z*=rz'0f’/3
dp* = Aoy

\)L /va\fj
lee, Hﬂs wori‘s vf:ecowe,-
F= az'zz—m(/—/.o,‘r)
2
I{‘) we 0017/ use 'H’?e feozl
term:

Flr)= 2 .

_ 0. Pt
Fln*) =2
F(’Z*>=—/Dr7/3 F(iz)

Now our C'%umé'on éecomes :
Fot n*, not F Aines n*/

g
Fo . 1 I3 96 _
b—)z_z_ 1 ZF(lzap/’ =0
2
28 4 4 F)P 2o = 0
.~

Mu”ﬁplymﬁ —H’)rouﬁk l)y P

(2% | | =rap % 6
PF2/3 (9)2/2 + ZF(VL)QVKj’éE;\ = O>
\_/‘Y;-EJ

.
’Now our POE Lecomes ic’cn‘!iCckl '1Lt> our I/»\/Jvoclyno\mic O0E

26 1 96 _
+ L Fo 25 =O/ = 8 =d(n)
(8'7}(2 ~ o Betore, we hod: " +LFF"=0

}B.C’s ?/)9(/2*=o>=o & - A
R PR =

-

e

So we can now use the exact same Blasius solution plot

thet we  hod before .

@
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by, =g ht

8 \foo ’2(\/ S) 5.0 (Hyarogync\mnc J),@)

pr"/s g-,—’ Neo =n (\{ S) 50 (ﬂ’le{mal 43!)
Ta&i@ the rméo of our 4wo sof uvlions above :

!/ZO( = ,Of‘_-_—
oA

5__ - /0,, / = Mallcs Serse. SINCe. #rc an/ J/%fcm’e IS

Heod Tronster (CL" = head -Mux)

,, ar
i/Y’O:._/La\//Y’O = G—ZE )Qe=7— 7

Lt ft = vinE
an* = ) Pr “3
1 | s 06 \
qr’/\, -k (T T>( ) Pr o A Nu, —0332;2&"%"-}
—rs Too N ' Lo oJ N C,‘l’ num
=k ( ) <\! X pr'lga@ ,{%kﬁo\ ﬁla4 pl)ﬁsc in !amlg
e 0,=0.332 “ flow.
!

Y IN Y [
9~ Re."2 P - hx Pl hp )
| Y o v e pf QZ , Nu)( __Y_——_L)_::.r_ azge/prg
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Some obsem&-,ions ﬁ nowles

A” Orp our previous feSUHS ovre Vai';c) *o%r #)e %l‘owinj
& Com:l?-hcms g

) Rex or Re. < 5.0x10° (Laminar Plows)

Z) Me. = 3;/;0; 7 vourd < 0.3 (Incomprcssiuc 10'0\/0)
[3) E:C, —

\ \ . . .
<< 1 \/iscous CJ[SS) ‘l)on %emlm IS ne f‘. aUe)
CP (_Bp—[;) ( Ec = Ec cm[ #* J IV

4) We hove ossumed constont properties. Eveluste
ol pmperll’ies (p, 4, Pr etc. > ot the film Hemp. (Tp)

_ Lk +Te o yYee Toble A4 for gases
7:0 2 K A. s ’por ?\'q}m‘dS

5)\/\)6 mewe Eecn \/\JOKLUQ? mos“\/ w'.#) }q N #76 c’ass,
Monx/ “ﬁmes, HS eosler 'Ilo UUGrL( w}% a\JeraﬁeJ %u&n#’/‘ir.‘;s

t

|
|
f

R-L/) | Jonster
o ﬁij{g / k:;lho’)( (Avemaijefi,-ml ns
1 < L > ‘(1') &Jr X
: AISO UJI"»G"? we Wr;le. : Nux = _L(—Tf_ (Loca/ /\/ugse# r)uynée,}

Nu_ = % mvemgeJ Nusse # riumber)

) hegs or Regmr ) 2 Nu< X

7]%45 A —> 00 ond Nux >0 af X» 0. 0/ CouUrse /H>m
does no-l rea//y occdr in rea/;‘/y7 since #76’_ 6./, mac/e/
Ama[ts o/own 5\7[ 7‘/7& /fao/}@ ea/ge /X=o>, @
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l 7) Oifferent gouno(om/ ConJhLionS

So fdr, weve only been o/ea/m with T =constont
V\Jth /1£ We /ﬁ&ve Urm%rm Wa[ hewL -fux

-4 - 1
"o ar "
Te = constant l/———i'? ~ constant
=0
um%rm N Im'pera‘ylure (7;) h os a ﬁmmlton ofx

L not h dmes x,
AN
h-jﬁr AT[—E\[C)/JX]— fh(xdx
 Unifbrm Wl Healr Flux (9")

F-X -
T %j T4 dx

AT as a «tﬁnmlvan 0/’)(, ot 2T 7l7rnf‘$ X

}\/(JSSGN Number Kules

—%—- T ——ff\/u(x ) olx

. FOF‘ N ‘Ma‘* ‘O’O\"'C qu#\ T5 —ConS‘)an‘}
| h=L Jh(x dy = O%SQLPF3 \/,,oj\f_'gx

k
% N B = 0. 664(/‘) e P,
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Example | Parslel fls over o 4ol plade. We reed 4o
‘ Onalyze & s/:om[ spPo) opf)m/eréﬁli
T, Voo

5 (X2-x)ee L
—b
—b

Vs
/6 /\/7; -——COn:vlnn-/
777777777777 T 7 ">

X\ XZ

— %

L

Find +three differend expressions for CZ,_Z (Ae&# ‘/wnﬂé’)
@7}\@ l)egl me'H’!ocJ:

il—z = T"—l-z (Xz‘x'> (TS 'T°°>
Soluc for #\e Ioca( LwemL honster we%a‘en% since
(xz _Xl> ¢ |

s = he = b (x= 552

| 2 \ = 853'1' SDIU'L'DH ’@f ’H’)is meaa
@Appmxima%'on +1: Local coefhcients

: {i—ql-z = U’\x, -+ I/\xz—] /Z (
!@ Approx-,moJion 2 Avmﬁe weﬁﬁc'smk for X, 4 X,
Yz = %oz ™ For

, L\_,_L(XZ-X.>: EXZ —le

2 XZ—XI

X

X2
where E=)—l£[th
© )(l
h, ’%fa hdx

|
\
|
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éExqmvp’eI /]r)r and Water Llows overZ £lot ,p/m#@i

Voo :5)’7’)/5 f
T =20°C W =0.05m
i, 1A L
3 K’-———L"’lm——N k— L=0. 05m —3
f (i) Aim (1) Woter
|
“Dewlermmc . ((; Avem e COY)\JCC“‘I\/G’, [ﬂemL —}mnsfef coaﬁﬁccen‘}
b Conucc E heo:l ”'mnsfe/r ro:Le_

(c) Dm& ﬁoree on the plG\JfC
Assumpbions: 1) Stead, stote

2) B.L. assump’ionS ore valid

3) Constont pmper%es
(q) LﬁJrlS b@ﬁ‘m J)x/ com,ou%nj ouy Qeynolc]S numlaer 1471"
(ose -

€ac

Ve L (Sm/s)(’lm) 5 S :
4 .= Vel _ _ — 0> 4 5x/0° (]
Cuyhir Vair  [.669x10°m?s 5% ( Qmmw)

s evolusted of Te = W%Z‘T—C = 35°C

QeLy woter = \/DQ L = (5”)/5) (O'Osm> = 3:43X’0§L5XIO§(L}
Vi oger 7291 x 10 "m3s

So EOH'\ 10’0!/\\8 Ove ‘Qmmo\r “ﬂere'é)re we (an useé our
previous  solutions.

Nu, = C’(L = 0,664 /QeL//Z O
fluid
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i
!

EUS)@ Tobles 4.4 £ 45 in the Textbook o look 5 Pr

Prair = 0,706 Proster = 4.85
['(A]r ZQG,C)Y’dB W/m'K L(wo:rcr = O.G?—g W/VY)'K

Wieoe = Gy by = 0664 (3157 (0:76)"

[I\—A',r = 2.7F W/mz-l({

- ?W"or (0,0Sm) _ 5 ’/2_ //3
NUp rer = e (220 - 0.664(3.43%10%)"2(55)

T}?WER = 8228.21 W/m?-K [

.Nowlc the ;Yuae,! o’:f@mﬂce. _
1 The smaller z_/aouno/a»y /aye/r Aﬁﬂg#» 7€r wmler* J@\CZLS up 7%6 h.

a9> q,m}, = _):\—Prir cwe L (Ts 'Too)

- (8.7 wWlr?- ) (1) (1) (50°C -20°C)
L = 2w |

qf\»o:&‘/ = —FMTEQ' w- L (Ts 'Tw}

| - (3226, 21 W Jm? K )(0.05)(0.05m) (50°C - 20
HW”E“ =G| v\q

IEVP/n *H'\oua)’l ‘%e woter p}mlc ares. 1s 400X smeller
than the” oir plode, the heat fmnster is 3.5x /wger/

§77’)75 IS why w}wn \ou w%\” n o\ﬁozcn )mltc e\+ oC \ou e"'
| h\/po#"&’mi& in m‘mu%es, but c/'o}/’)/y oulsick ot 0°C s o&jf}m,s_@
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© Now we aan =slve for sheor Bree (dhag)

_ C /, 328
CD,/HP —ﬁ?\/wz = ,Q@L ™ (Pﬁ /10 07[)n0’/63>
Bxi103) " 000242

FB""S»"V = 7C—'V\J' L = _C;,A)r ":{):}-)Air VMZ\N- L
- 0.00242) (1 ) (1135 ko m?) 6/ (3
LFOmg,A)r = 0.034 N/

FOms,meER = ?—C— w-L = Zz,—wmsp\ ‘Zprwm( ,\/0‘32 WL
= (0,0023)( %) ( ¢ lga/ms)( 5m /s) Z(D,OSm)(O,OSm)

(—FOmg. water = O0.0%F2 {

;SQ enen 'I'L\OUS)'\ ‘l’L\Q \/UO\"GY' p}o}@ oreo. Is 4ooX S’m&“&"‘
.‘Hne dm3 {érce on the p’mle 1S 2« /Oyacr Jhon the air cage{

This example. shows Hhe Haokoll of using air k witer

%‘ R 2 [’qﬁir‘
e prfsswe chp e —#\e £ lows

but ~~ il

Fﬁmg.wwfn = /L_Om\g,odr‘ Or prﬂfg >> APAir

So you nec’c! ch>/ more energy 710 o/n\lc \your £ Jow 76;/ W&'/C“/V,

@



EXTERNAL FIOW CORRELATTONS
FOR CoNNECTION

Avx‘“’\\ (FOF 1S5S0 “’\Cmﬂol Sur'éx(‘eS) T

Toble 77 in \{ou—r eél#on, 9. 4y —(gev&r;ﬂ'\ Ec“‘hoﬂ}

TABLE 7.9 Summary of convection heat transfer correlations for external flow™ *
Correlation Geometry Conditions®
8 = 5x Re; (7.19) Flat plate Laminar, 7,
C,.=0.664Re;"? (7.20) Flat plate Laminar, local, 7,
Nu, = 0.332Re\? PP" (7.23) Flat plate Laminar, local, 7;, Pr= 0.6
8,=8Pr8 (7.29) Flat plate Laminar, 7,
C,= 1.328Re; 2 (7.29) Flat plate Laminar, average, T,
Nu, = 0.664Rel? PrB (7.30) Flat plate Laminar, average, 7}, Pr= 0.6
Nu, = 0.565Pe”? (7.32) Flat plate Laminar, local, 7;, Pr= 0.05, Pe, = 100
C,.=0.0592Re;"* (7.39) Flat plate Turbulent, local, T}, Re, < 10
8=0.37xRe;* (7.35) Flat plate Turbulent, 7, Re, < 10°
Nu, = 0.0296 Re¥® P (7.36) Flat plate Turbulent, local, T}, Re, < 10%,
0.6 s Pr<60
C, = 0.074Re; Vs — 1742Re; (7.40) Flat plate Mixed, average, Ty, Re, .= 5 X 10°,
ReL = 108
Nu, = (0.037ReYs — 871) PR (7.38) Flat plate Mixed, average, 7}, Re, .= 5 X 10°,
Re, = 108,06 < Pr=60
Nup= C R PP (7.52) Cylinder Average, T, 0.4 < Rep< 4 X 105,
(Table 7.2) Pr=07
Nup= C Rell Pr(PriPr)" (7.53) Cylinder Average, T., 1 < Rep= 105,
(Table 7.4) 0.7 =< Pr=s 500
Nup= 0.3 + [0.62Rel2 PP Cylinder Average, T;, Rep Pr=0.2
X [1+ (0.4/Pp¥3)~1)
X [1 + (Rep/282,000)%%)*5 (7.59)
Nup=2+ (0.4Relf? Sphere Average, T..3.5 < Rep = 7.6 X 10¢,
+ 0.06 ReZ) Pr*4 0.71 < Pr= 380
X (u/p)* (7.56)
Nup= 2 + 0.6Reli2 PR (7.57) Falling drop Average, T.
Nup=113C,C, Re3,.a Pr'? (7.60), (7.61)  Tube bank’ Average, T;, 2000 S Rep < 4 X 10%,
(Tables 7.5, 7.6) Prz0.7 _ 4
Nup= CC, Refb. . Pro%(PrlPr)" (7.64), (7.65)  Tube bank? Average, T, 1000 < Rep =< 2 X 108,
(Tables 7.7, 7.8) 0.7 < Pr= 500

k

£

} \/ D‘,/- P,‘pe ou4er c,io‘me-le/r‘
; Key = TG

v
) o<
0 I
Nu":_@(— ) U”"J/%‘ ',/\/uo:b"' }/\IUOzl"O

%)
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> ?/ 8(><> f

0 e L [Ke . R LD
Xe. \[@ ) L—O—- 00 OO/QE'D k ,Qeo=;9/_(4___

Nered M, é'éow'c

Iz /cma/ Flow - Full, Oeue/o/oea/ Flow in Tubes

M /———9 ]’u”y Jevefo'()ecl po\mé )uc prvnﬁc

=01

\[L

F——XeL

v u (r
Oe\le\o‘o\n\c} £ low Fully Dﬂel’fd >

KeL = emlmnce 3’#\ or c!eveo in /@’)8‘}/7 '/6V€ #’76

\/6'0(‘1 (C vories UurH‘» )"DI:))O\( FOS)‘)L)OV) r, ano’
Qx"&l Ioca on, X,

\NC can cs%mmle -u’)e xe;_ Uusin our g}&S)u& So/mLion
'Fo see wl'vcn our bouno]my /O\\fers Aeginﬂzo over/a/o /
S . 50
3 X JRe]
\I\le can Fs%mcx%e #ﬂajr 8 ‘Q" wlmen jof's me@e
SCmeSw
0 ¥ so0
2X6L \}Rﬁx
D _ 1o _ _Io _ /v - /0
Xer  JRey' UsXerk [oU Xee O UuD  [Xe
[peXe [plee L5 200 \)o

Experimcrr}a/(y; } >(<)CL = 0,0S)Qeo [.' I‘p ><>)(¢L,—»0’ow )S“Zl”y Jc«f,gcbj@




_ Nenat/ Mi é’&ow'c

HJ”\/ Oeve(opecl ﬁeq'lcm ( X>X€L>

\M eecl ’;0 O]U %r 'H’) }\ yoo! nemyj r'}7eS' ote 'qu ﬁow
i O o o o 8

Appiymj 'H’le 9\><30\/ moman—zlum 6?/(,1&74"0)’) &—momernélm)

QU e | Ug duyx au,):__ 2P
p( + Ut + =2k + U >

| 2 /au | 2%, L 22U
T {;}" or ”a;i)’L rz 3¢2 Qxé]+?3x

For 70u/1y o}eVe[o‘oecJ Flow : 8u = dUx _dux @)

ax o+ g
Ug = U, =0
For Flow in o horizonfol fube : 9,=0

Mos—L 010 our —le,rms Amao oua—l O\nc( we are /eﬂnt u/;#) !/

_ QP -2
X AU Y‘ 8r X) O @
o
B.L's itix ~ 0 (Symme 477> G
r=o

(/{,((r:.n) =0 (no S/flo) @
Fme , Inere on }r), f Lu'/” use (/{x :u (o/mf'pinj X Sué.rcri”oD
II’I‘I[@@}'&'/?@ 6?/ @ 74/\/7(‘6 Z inp/y//\)? @ﬁ@ .

/u(r - L () ) deicoped veloely

,Oro’g/e in o round pipe.
(Lqmmor —p/ow) @




/\/c‘%/iac/ M é Aavi(’

wr\z? 7ér our avcmﬁﬁ ve ocnlfi

s

T/
U —Troz/u 2Trdr = 9’0)/( /DO//\ /\ L
g- o / I

E e e - = FUL/ oleve/ofeo{ lominar £low in a

u(r)=20 <l - £L> round  pipe.

7?/{):03 /Y we r)eeo/ %o /mow #)67400 pressure o/,?o or 76’(‘6
][ (g 7215«& #cvéon 6@[0;» ./_Casy wosy e

caleulode pressure Joss in Fubes of
/3/1\?7[/’1 L O/me'/el" 0

i Crp = “C = local Aibe fichon coetlicient. Relnded
: ipu '/0 #ve 'Aﬂ‘c#on %\C?lor \7[

Omw'mj 14)>rce Ixxfcmce O’I& rom on O. SE memL m[)OMV‘
Fluid Nin Hhe pipe. Z_F, =07 since Ulr) = 10&) = a/elftaJ
L

|

!'“o% f AP 2
'C (z;fy.{l_) —AP}r‘ro =
_7?—)—

We  can Sowy - 1 :\7[‘ = lek now solve for Hiction écvlbr

Taminor {low

D
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0,

Y
cr

But weve dusvl solved o famijnor Llow thed : 5’—35 __;2_;?

fuld _ _aP o AP
rn% 7—- X L @ -lgulas-l'i—}wlt lﬂere_
Fom © @ oF , 2D _—_JC._.&UZ,Q
L pU* Lz  PoA
fGD_JC__’C/Mﬁ - btu  _ 6t
N CE L

\7[2 %ﬁ_/ = pfpe 'ﬂ"C'l';On fdcFor for lominor low
€o in & S“}’r)oo'/A round 744146 Oarc\/_(,(/e;séack
€@u&74’0/’7,

Ne can also Sovy the %//ow}\nj :

,, [f - Ke, =ConS7lami/

Fgr 11on —c)rcu/a;f channe /S%m}p@ ‘

= . ' _ iA_ , A::cmss Sccyé‘ona/oreq
[Dh hydhaulc diameder /07/ 0 = welbed perimeler

L‘:—xamp’e’. o
o\%a A;_Oxﬁ_is_"l‘—é—of 5. - Yof sin6d” s
. , _ ) h ~ 3% - = L0
28 P = 30 (1
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/[7/£c1\.7Z 7/—12ﬂ5/)€r‘ n Ifhlmfno\/ F/OWS

% Jo 7% 7% Iq a/ éOUnc/a /D\ er OV én / 714 o/c’vc/o 7
? = © /677:2%0\[ Eml':; Lanazl}] '/9’ 7 F

F_"Xer M\ ,,,l'}_l—herma"»/ Fu“\{ OeMt’oooecJ

..

lG——XeL—B"——P Hycirbolynamico\“\/ FuN\/ Deue{oPeA

alrof:/ namiC
E:K]ﬁy Zw@#] |

For Aill, devel 7%(,«1, bl the Thermal enty lnoth (Xe-r
O\nﬂ! Ayﬂlygo/ynamicﬁz/ﬂ#y /&1’1\9# (Xe;.) musvzée ,ano/ ; €<>>Gi>2

N N e iivis e

Tua

[TIT]

D

So Ao,w &AOU’VZ Aecu[ hanster in Hhe 75//7 a/a/e/;oea/ rggion:
ie. X>Xer £ X> Xer

= %”}wcd(
h AT |
From 6ﬂer3\/ l:&,ance &\—L #‘16 w&” (COncfuC'Lion =Con\lem[fbn)

hof = el = pe e

E)F ‘QJ" , CJ&\,IC,(Q J ﬁlow &)\ler,&pp‘) ‘H’\crmat ,,bounrjo\,,, ,!o\ ers>f'
v pee, ey M ty .10y

T 2



Nenad M \4 /LO\/ IC

foo 2he
gu% we. lmow 71}1&'/ : N(,{O = = __(%)

//\/Uo %Z/ =W eXPCC'p N ConS‘;Dnﬂl
- Nusselt # I

I‘IL -/um o) 7[ 7%}5 S(‘&/in IS re ood, I7£ we SO/UC
7%6 Cofcp/eu /mom m jano/ @76;6 3@0}U&740/)S ’ér /'m[ema/

Sﬂ'?ocr)Z I’Ouno/ 7446& pipe —//Dvul we w}// oé-/ﬁ\}n e %//owil’@l

= Constort wall hest Flux
7\7&; = —A—Q = 4,36‘)‘/ Lo inow- #/DW, round 1‘\456

@eo £ 2300 ,éeo = -P/—-Z—Q-

g
S

N—~ ~ —LTD _ = Cor)S‘/DxI’HZ wall %Cm‘pemwéuff_’
Up ~ = 3.66 A;\m}nqr -ﬂ/ow, I/Dbli’)O/ ﬁée
Rep 423006

gu/lc Fluid Tempem%urc
I+ s im,oorvt&ml do note 7%&% Br inderna.l —ﬁows) /7@&7[ —
IS mmpu%cd 6\/ usi@ the  balle Hliid /am,aemﬂre: ( 71)

K' = (i/wa/( ) T = wall J V&’A/VC
T - T8 ’ 7h = bulle %#m/omﬁre

7,73,6,‘00 AC -/Aob@/nl 01[7 as /'I[) we &//Ouu #»e /wpe 'ﬁ/uio( Aunﬁgm;
BRul'S £ come 7/0 an c?/ui/ién‘qm #mﬂ‘)ﬂ:uéll’f :

_ 1 .
/L = /4(,7”4/”&9 TdA

\NL\@I& A = CrosS Sec#on&{ ares,
Y = Oversge ﬂuia/ Ve(oc'ng/




TasLE 8.1 Nusselt numbers and friction factors for fully developed
lammal ﬂow in tu])es of dlffel ing cross sectlon

Cross Section — (Uniform q;) (Uniform T) Re p,

— 4.36 3.66 64

1.0 3.61 2.98 57

143 3.73 3.08 59

2.0 4.12 3.39 62

30 4.79 3.96 69

4.0 5.33 4.44 73

8.0 6.49 5.60 82

oo 8.23 7.54 96
Heated

Lo " o 5.39 4.86 96
- Insulated

£ — 3.11 2.49 53

Used with permission from W. M. Kays and M. E. Crawford, Convection Heat and Mass Transfer,
3rd ed. McGraw-Hill, New York, 1993.
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 Turbuleod Flow

;7://’5&//&706 n a Lluid can be seen a8 A s/oec%m of

- Coexs 'nj Uor?éces /Cc/o/}cs /n WA/'Cé Ztine C 617@'3

| m lamer ones s o/}ssi /oom[ea/ A succesive Sm&/gr oneés
unti| hé very smallest "o Hhese vorfices” are ofon peol

ou 67 viscous réear,

For o flo} p[od(él €X7[ern&( ﬁ/owi

Ly - .
=" 000
5 OFh% B g0 9 o Sler el
S 19 o eege 9 © 9";@@@%9’“@ ° = Viscous suélﬁ‘f’
198550927707 7 7 717" (oeddes)
VA A O G B S A S S A A T o X
Xce Turbulend 4.2
Qem‘S‘XIos
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TaBLE 8.4  Summary of convection correlations for flow in a circular tube

Correlation | T | T Conditions o | )
f=64/Rep (8.19) Laminar, fully developed
Nup = 4.36 (8.53) Laminar, fully developed. uniform ¢
Nup = 3.66 (8.55) Laminar. fully developed. uniform 7
Nip = 3.66 + 0.0668 Gz,;,n 8.57) ;’m;nsl)r ‘::::tr(r)]::‘l -e"nl(ry’ (o; c((;)r;]:))ir;;ed e;rtry with
I +0.04 Gz R «lZp X) Rep
3.66 +0.0499 Gz tanh(Gz5") (8.58) L'lminar combined entry. Pr = 0.1, uniform T,

N = tanh[2.264 G55 + 1.7 G5 7" Gzp = (DIX) Rep Pr

tanh(2.432 Pr'® Gz;1%)

20 log[fg+ 251 ] (8.20°  Turbulent. fully developed
Y3 37 RepVf

f=(0.790In Rep, — 1.64)72 (8.21)°  Turbulent, fully developed, smooth walls,
3000 < Rep, < 5 X 10°

Nuy, = 0.023 Rel® Pr" (8.60)Y  Turbulent, fully developed. 0.6 < Pr < 160,
Rep =10.000. (L/D) =10, n = 04for T,> T,
andn=03forT,<T,

0.14

Nup = 0.027 Rel Pr'”(i) (8.61)"  Turbulent, fully developed. 0.7 = Pr = 16,700,
" Rep = 10.000, L/D = 10

(f/8)(Rep — 1000) Pr

iy, =

(8.62)Y  Turbulent. fully developed. 0.5 < Pr =< 2000,

L+ 12.7(f18)"%(Pr?" - 1) 3000 < Rep < 5 X 10°% (L/D) = 10
Nup = 4.82 + 0.0185(Rep, Pr)®®¥ (8.64) qumd metals, turbulent, fully developed, uniform
g.3.6 X 10° < Rep < 9.05 X 103%x107%=<
Pr=5x10210°sRe, Prs 10*
Nup = 5.0 + 0.025(Rep, Pr)®3 (8.65)  Liquid metals, turbulent. fully developed,

uniform 7. Rep, Pr =100

“The mass transfer correlations may be obtained by replacing Nup and Pr by Shp and Sc. respectively.

®Properties in Equations 8.53, 8.55, 8.60, 8.61. 8.62, 8.64, and 8.65 arc based on T2 propertics in Equations 8.19, 8.20, and 8.21 are based on
Ty = (T, + T,)/2: properties in Equations 8.57 and 8.58 are based on Ta =T+ T, 2.

¢Equation 8.20 pertains to smooth or rough tubes. Equation 8.21 pertains to smoulh tubes.

4As a first approximation, Equations 8.60, 8.61. or 8.62 may be used to evaluate the average Nusselt number NuD over the entire tube length,
if (L/D) = 10. The properties should then be evaluated at the average of the mean temperature, To=T,;+T,)2

“For tubes of noncircular cross section, Rep, = Dy /v. D, = 4A_/P. and u,, = mipA,.. Results for l'ully developed laminar flow are provided in
Table 8.1. For turbulent flow. Equation 8.60 may be used as a first approximation.
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Table 10.3 View factors for some three-dimensional configurations
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L - T=60C ¢5° S
k2 _om N '
Fﬁrsnl, we con drow our  rodiedive resistonce nedwerle,
€hyw
I
AMW meA symmehy ;
7_
o\, Fo-F
eb I Chs Fiw = Fp_w

=



_ 6L -6 /
% %'2' - ﬂ,m.rl = (be"é‘az>[Alr:l?_+ _/___+ / ]
5
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hfe T LE,

LOoLLN?j Eo\c{& O\‘l' our View ’ﬁlC','Dr ‘/'QUCS (,0 (63 o/no-/és;

;

fase 2

F, = r, = l—sm(2> ,
F,z_ Fz: = 0.292
Flw I— F,Q_ = 0, 707F (smce SMVV%CC //3//&1[

/e, " =0

I

Ch | -"CY_f,—lf =@”,G7><lo’3)(50+273./§) = 8.3 W/m%

- O'TZL‘ - (5.7 x@"}[eo +z?3,/s)£' = 698 .46 W/m?

N
o
P

I

N (d‘ - dw_) (é 45 s) 6\,?6#3

= - 5162 W/m [=7 Heat  rodiodes +rom @ + O acﬁw/&

/7<?cx7Z

we  can So,UC 74”‘ w. I/Ue ‘A)ﬁﬁl /’)c’eo/ + &o/ve for
ﬁar)s f/)&r %rau‘jé é’ac/; /c ‘
N 9, = (v, ce)(/; p> = - 2801 Wlm
| CLZ sz 9, - 5/6.7 6'.234.1)-
(e - @wXA,{::,W =49, 2/ =55°c=-282'€w
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Gmu goclv go\di&ﬁgﬁ

SO "Q)f V\J€\IC only loccyn JCO\I”') w#» cases WI’ICJC 6 'o{‘
Hact(lmo/neg MOS‘!‘ real s‘um%ces ’F:}{ SL\’!‘!S@ ’HNS

For 6xamp|€ :

ZF B'C\C{LEOJ\/’ £ =10
€, \ Groybody , £-0.6
/ 3 Qea, surﬁ:\ce
A

> A

I‘\ﬁ we. /OO/L onl s N 3)’07/ Surfo\ce anc/ aipp[y ancne;gyéa/;

zemeclol
H, (Inwm»@ (l E)H
g eb
D\ Em»“&‘l

0< H (ALSoréec{)
i /L/ere, we assumé /C;'Fclﬂo#s (o £ =
E f/‘// = }}’rac//'QnCG [V\//mzj (fﬂ(‘omif?& ma/;'ofion)

= Qt/lOS'l \/\// ] 7—;710\/ Qo//o\rﬂl —// ow #0
: 717 [ K (7%6, Sl;r face 6/:11)72[60/ :7/@/4;7541
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Let Jook of eoch  componend

 Incoming = H,

Mbsorbed = <, H, = & H,

Reflecled = Tocoming ~Absorbed = Hy o H, - H (i€
Emidled = £ eby = ST, "

S our rodiosidy (3,) becomes:

|i J—, =Q’g,>H, + 866; = gﬁ‘o\mnge —Hf\ig

H = J] —E/ ebl
| I-E”

%'X'ET _ (:E 'H,) _ 3-] _J I—_Séebc

\//ermJ}aJﬁve energy /eo\vi@ Sur-foce @ (/\eau[ //ux)

Ci; _ J |- ¢ —3_; —‘Lg,ﬁa &
%T— - %—g, - - ,,'g, (&,-37)

SL'_A'L?I = % (elal -:)‘,)J > NET rodiodive /;ea/ Flux
! - €, /eavi@ surtace ().

I- € e - &
T AF Zh.
Alel . \A}\_"‘L AMA Z -
el J J2 Sz

g/\/o/e, iF oy set & =& =1, you ge,l the 15/&(/{&0/7 sol .
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Exangle | Radiadive heater. Find dhe heat Llax 4

Jour 13037/ G\SSum'mS 3

T, =600°C |
/ﬁﬁﬂ o (5) €, =10, €, =10 (Blckbed
Fi=0.0l ()&, =08, €, =0.5 (graybody)
& —|—, =37°C
A, = Tm?

§(0\> WC Can ',)\9/'7[ OWO drow our #)évma/ Fes}S/D\nce

iaamm ;
|
Acbar _ Chuebi
ey —5 o by 1o |
y
b w Ay Fal

<b> S}m'n}ar o\ﬂOmmck 15(47[ more "6&/;'5‘/7“6 ]

\'QH ____—-{ ’— gl
ZHE’H AH Fry A £,
ANS— AAN -— AN -
€bu 3-!.4 J—I €b
|
|  3243/,65
e Ty
%H’ _ Con — €Ly = 3/9 W
| - gq 4 I + |- ?,
AH gH AH FHI AI EI
o~ (e -
0.25 JOo 1

zis sAows vou J/wc /'mﬁomlame ovf re/eqé‘vc c@mzn'z{bnébﬂ

res}svlances. In 7%]5 cose, VICW 'éc/or f’€$)57zancc a/om}na/es.
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roy Body, E

- 7'2" 'AL‘gZ
e R

ASSM!’M@ 7%0&7[' éon 2 s /WUCA /Q)ﬁ(”/r %ar) Aoo/f 7:

WA — oA
e, 'Y\g’« J 1 3 1-4 Ga
A’|€5 AIF’.Z A?_S,_
= G~ Qe = mu H—:pty« by A_:-
(i!'}z. ’—E” [ + -
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Some Specia/ cases

@ /42 > ’4/

 The means g-+0 ond F, =1

bk subshbuting b our solibion

| 9., "= //1, (@,, - 6L,z.> o
g,—/ A + O%

a,_e,z_ = A,g, (@El - 652_) = éSMO\//OV/éoc/y

A/D\CZ( !éoo/ buhz/)
fnile om‘;Zsiv} 47

@ Parallel Plates (small gop behween hem)

e o / |.__'|2—= | = FZI
g:@“:’/ A
g, - A, (e - et _ A (e )
1+2
G0 F k@) £

» - A, (&I_CAZ)
/CL-PZ—- _/_+_/__/ /

AR
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‘@ ConCan‘}ricV @/ino/ers (L@na#w L)

T
~ - F,=1; A=zrrl (A _n

| —~
_amnl (e e)
6Ll»z L _|__,>

AR

i AZ rzz )

( i Z.'-”-r"z (C’B,’Cb,)
| |22 / s

| + Ll

%;Qac!ia}itm SAic/o/S
§MS€J 7lo reo/ucc raa(}mLiVC /7@&7‘ /055‘

;FD!’ 2N l&‘{’ p,oale armnﬁe/maml?

®, ¢
‘ - -—-- - - - - 0 7 - gC (5/7;5/0/)) E;c
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Cho
-,
| AE,
— AN o— NAN— o- ANNA———————ANN, ’ AN~
e 16 T 0L Je & Ge T8 I L9
€, A' ASCESC Asc Ese Az.
Since = A (&m”e( P oqles
Flz = FSC. = s =1

iOur fcsuH' S]mplfﬂ'fs
/A( (@BI 61:2_)

i )+ 1+ )z (L) 4
() ()

., = A (e, -ex) = For { shield

G+ -)+(E)

Now[ﬁ #) so uwlqon N ;c/cm[7 &/ 720 #) ara// /MIC
So/u‘/ﬂor\ © m éﬁ'lgre f now we i&fc an a/oa/C/ ‘IQOF)Q

Ce]o
‘nlerm n 4)@ o/@nom/na r 7%&% o//mmzs/zes % ,

2

\

fFor N SL{ICHS in seneg . (w'nlL\ ‘IJC/\“'iCO\( mJio\#Vc prgoenliq/

_____ ——— & 1
Y [ Al

: ‘ C3 l2 L +2n
e A e G
&¢,

@
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gnown ét/ow Cex/@u/m[c / e#ﬂecvlwcness "

EXQI’?’J;O CJ GB/’)SIO/&;» NASA’ }’O‘%O‘Ilné/é /”on)/o\‘l[)on SA/@/:/
| %C on 014)/ pox;%ons.‘ Ece = O, l E’ =0.5

SMC T: ON Stole T+ OFF

#
; QoH-uUc [“'ebf’o B ™ Cby
1!

; R R
; o © Sl’\]cu, R %A r
| © 0

Lejrls solie the ON case first

AAA o ANN . AN ANSf—>

@ A T, L e e G a3 L Che
A€, Fise - Ac- & AscCe - AecFsc
\f\lc Lcnow A, :As(‘_ A (paro\ { m‘gnrlﬁ peqleg)
Fise = ”‘—SC,Z =1
= A' Ch - 65”3 = Shte T, ON
| Ci)oc _/_ + 2 . /
£ Esc

77')(; OFF cose s a é/?l /Yloré 7l7fCZ(>, 7ZO SO/UC

' | * The chields in 4
Afe N\ P Far OFf': 374:7[6_ amlaé

aafiaéoalfc Sur"%(‘eS

—ANA— —MAN
eo, FEL T3, L €L, =Cw  due fo symmehy,
A€, AT so €hg =Jgr

@
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From our ViIEw %lC’)LOr' 710\5/65 /

Fsz =2 -

Fr=2-(Z
R ICRES I -
12 5’_ "‘l _'_d_z"'

Novu we con Ca/cu/m[C 7//7@ ra'lio m[) /vemt %n&vﬂef
7400’7 %6 %Acrma/ regimtance )/(1717‘03 (o/enominodér) ,

So A #I /7) /d | ON, i s 3.2 74‘07@5 é@#@r a7l
//‘m('//:Lii’G?\’; /’j\c//idé'\/c;i /7:&71 74’&/7%@!’

Novlc Ae 7% J 0r7[Gm(’ o/céoosfh ?C, I’p g;*c 447,
then Va‘cf&%’one S‘Z))/:o/ N fm/cé be 4 fcrj{pemérming‘

This is wh, <cientis!s use A@A/y ret lecthive surfaces

o Vao/fonlion SA}e/o//'@ Aéc o miaum o1,
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Mulli - Mode Heod Tronster
\/\”’lor" }-ﬂ we Z’)D\\le I’O\Oh&','}on i Con\lfa'ﬁion, How o/o

we handle ﬂwis?

\NC“, since *

Ko\c,ioJ‘ion => ‘mo(cfoejnc(émt of meJium; /ﬂarg\//e//oa%/;‘g.
C)on\!ec#on = medium o/qawc/emﬂ[

For C)(o\m'o{e y

— |
O:ﬂq: Ch, I‘ET 5 1 & &, = O'—rzlt -
ER, AiFip e.h, |

V\I(’, neeJ 4%3 Sol\!ei ,V‘H’I\IS COfEflelC FEQ}S'}'QnCe_ r:(io\gm ,
,Qr\ci }Jr usueﬂy Jh\/o)\fcs ] 6?13\7[7'0»0 since _Bos'iscm nown,
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Exwgp/c/ Cons'lt!&f an Qlr I’)c?&vleff (%mi—cirw/o»»)

Adicdotic, € =03

|r -mows ‘IYOu l’) Aerc. :m[o #’)6
poge . T *400}( m = ooul@/s

1Emcl —qu, ‘tL Jru 07[7 #’) O\c:!ml)oc"; ur—ﬁa\ OnJ #we
heat Yecv.urei!m ’O;:rm u';en Q( ) rimrg)‘)l‘mn %e_ loooK,
Assum‘mj ﬂ«l ,\/ CJ&I@[OOP lmtemu‘ TQIOV\I

Loo{(, up pfbpef%es n Ta[:/e Alf or Incmaoer& (Ex#)oo/c/\

Kpr = 0.03% W/m-K
/(/( = 930 % 1077 [ /(sm)
%P’i [O14 J/L&ﬁzﬁ

Lew“s drow  our %erma( res]s%mce C’i&gk&m"

3

ﬂ':. conV Q:_], conv
2,/ \

P o AN jf_ 4\/\‘& > JIV\/ZL z
el |- & i J- - b2
| A&, ! AFiy " A€,

S‘mca Suréwe 2 1S )nsu/mzeo/ : iz o %,amv
Ne+ m&o\'}'}\:t “'mns[e/f‘ /m[o 2.
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WC can C‘:‘Vo\{uoﬂle #\e, mJn’C\‘H\IQ O\HJ ConVCc_‘h\/e é&/o\nce
;:on surfoce 2 as:

‘L— Air lcm,oemlm
= h A?. (T;_ ‘E)

We  ltnows F, = | (Joesr# see. }—!sc’f, Fi =O)
| A, = Ar, (arca\ per uni‘/‘ /on\g#ﬁ;)
AL =Ty (Qrezx per unit /@nﬁ"lll)

?Naw for ‘Hne, Lluids pmue/m : (Comlec-(’ion>

Euok _ m Oh _ m Dh
M A c A <7r/32/z>ﬂ
Lo Gross sechions]  awea.

ke, =

Z |
Dh _ Mc _ 2wl _ Q04T _ 0,020 pr

P AT +2) T2

_ (Do14q /s )(0.028m) _
Reo = (T ) (0.02m)?(230%15 " k3/m:s) /e 700

So we have furbulent 74’//7 Jme/OfeJ #lows.

JF{f 1 J)chc 7113 our oorrE/&'Aon 4’0‘“& 14»'- inlemsj *P{ow:
Rf/C 4 /37 of potes.
We con use (@GD) = Ditus —6%”@* a}ucs:‘fon

|

|
|
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Y. X
Nu, = /ZZOHW 0.023 Ke, gpro

Nu, = 0.023 (16 %o) 5(0.69) 478

_ heic Nuo (0, 0338 W/m k)(47.8) ,

NOVU We Can wor[c w}v% our” m&r@y éa\/amc on survg(ez.

.Y
5

= |V:0‘C rou
= g A ) =0 ke for
Ag AFZ /4 2’ YA =T Vo

(5 C7 x/o’g)(/oooq A 4)

08 /OX’Z
il )

Simp/%/mﬁ, I oénlmn :
(G,Q?X/O'S’JTZ' + (4651, - 115313 =
USHZ? lli@r&?tzon (QU€S§ c/’hf’c So u‘)lmn) we ozé?lam

ﬁ;-é%/d

Now we can solve +or 9, ot the heated surfoce 1

iA” energy é)a\/ance reveak :

y ) + 7
9», C}«—/, rod i: conv 9’2. conV 9,/ ConV
\,,)

1’160:}’ n / ,) 1S ‘llD\l(Cﬂ
C\\N&y 5\7 Con\lec-/'%n

~(66.2)(E)(T. 400
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So on o per ur)hL /en\?#) basis :
9 = h ()T -Tn) + h(2n)(T-Th,)
= 66, Z[KT(O,ozm)) /6% - Qoo> + 2@,ozm)ﬂooo—lzoo)]
(37 = 0] o

So {c\r Rad ib\-l-ion

4

Teun ¥ 57F62K

| S

Meosared spemme sl +the
earths surfoce.

ST

ISSin /o/‘cces a/ue —/o

8’&){)”\ Foonm N ( |
M

méso or) zrfy wodter vooor

in 7%(‘_ &%os/o/)'erf.

1

Yeun = 1353 W/m* (i Sﬂm)
C)"W"'e“r% = 636 Wjm? (on Phe earthl wrﬁécc) -

Node, the toh/ arring eregy Fom sun do carkis
[ Fxio™ lw | Péal ngno/ in the US is Ixi0 kW

®
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M 067L So/ar“ //6&740 710 a\éSOr‘é Some ovg %A& ;
oyt glor opelestions

7;16\/ use. 7%)7&7 SW”/%CCS asx//ac/ se/ecvé'\/c surfoces

-T;,ICC'LDF

gecause, 7%6 aASoré%oﬂ Cma/ f:mSS/on s}aemlm c/on—.[ over/a,o

We can s;mp/ng oyr ca/cu/&

Eabsorbed = i”sun &, - /4 ) X = aésoré%wé‘ jn the .ra/an
Spec
E@’m#&/ = E;A o Supﬂma ’. ? = emissivi n 744(_
i B ey




