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L%d’( /, (arb7 (a.qormlr) lgyoton o

9, (X—X> =—O\(T(><>-T> - JJ(T[X> dT') = Guadratic eq,ucu[.

{

So}umq odr @uao(m%c equa'}'ron above

p,O'H'tnﬁ our resuH

o : k=0+bT
Tl- .

-+ X

X X2

VGY\/ useQA“ Solu‘lwo&’\ since mcmy MQJremcxls )’ch a *l'lﬂerma‘
C‘onduc‘]‘l\/nly -Lempem-’ure Jepenclenre 'H')G\-IL can Ee well
G PProx II’Y)O\'LeJ wn#\ linear 1Lemperth€ dep@ncim‘l‘ pmwme
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CondumL:on ’l%r Genem/ Shap%’ /An easier %meac%)
V=0 (no C‘OY\\JeC'l‘IOYD T“' ~diection
S+6Q::1\/ S’fa'kf ” =3, }( Cc»’)s*‘/'(.lrnZ U Alm]

. Usz-direckion
,Deﬁne an omu’)oﬁona! coordnn&—k ryswl&m U, u,, us

T (4 |Y‘€C‘{'\or\ S)

9" = -k 2L (g =-kTT S, S S
| (‘CnsjrhS) o
&-—/4@ =—/c/4/u, ’,‘.’ s, = h,du,
/Qeamnjmwémno/ 1/77%?;43\74}2? (assum;@ s, =du, (ji _hs jtt -
du, - _ —
62 A/t{/) - /O/T “ - =T Note, we'll come
W R o Hhis lader
~ T Omcl reconmle
o/u, R
A(u)
du, _ YN
Alu) -
Le double cAé’cé OL/r /or&v;ous soludrons ur7[7é be s sure
DSbbi U, = 4/&4,) Carmzam[
:/c\é SL(AV/\du/, de -—L—
DCylinder: U = r, du, A/u, -Alr) =2zTrd
/n /fz/r,

. .
%0//— l{, 277/’:2 27[{4/ - Tk
@phere i U =r,d¢,=ar, Als) ~A6) - v

P b SR - */’f)
P hrllﬁffz i '7}’ g | ¥ A @
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Example ™4 |

TIhsulated
T=T(0), £ = fhicknes ko Py

Nowtc, more comoo,ex since %ecuL ﬂ’ux
is also a -Q.mc%on o-p r since
}'\eonL mouu ~)Jnrou3J'\ #’16 hfSiOf} closer
o the cemler %aﬂoms easier Jjnom

'H’:e Oulsicla (Lower l@ne-ﬁh ancJ
%erma' res'nsvtance)

J;—&dired'ion |
, U Ing our nemf 'y%rm ,a—,—ioni U= ,d \,-—-'o] ] Fﬁr mc‘.‘e\!
- 5 ’ | A(A(u§=£3f ] e‘{@m\in&‘re&
Ja - -l M) L = -l 3L
T | arT
-"‘LLZJV“%" =—k£'Fdf§5
Jda - [-ue g
Tt
Q- -kt 5| E = ld5 (1)
| o _ klin (%) ;
Q= -l (&/”)55 =Z( Z?e( ,, ){AT
Vi AB K |

B [(,Z/H (rz/r,) = Thermol res)s-)'ance of the arc

Lets chech dhe bounds of our solufion Jo see 1€ 1 makes
serse: Whet if 1 = (=1 -0
[G

’n(—%—) = In G%Q =,nv(“‘i>=\n e

z
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S
|+?— ] é‘
= I n = > , Since 7 < t
[HYSL'%_‘% pe
- S Ca

(/{Si n& senes ex{pa nsion

= — ﬁ _Z(j (—X)
/n(H-x) X == +5 + NETEE

Se pluﬁa'mg bock 'Jmlo our resistance calcu\&-hon:

=28 . 200 o 4S - A (Areo)
Wen(tr) LS aan L (leghh)

L—}Aa = Worhs /i/Ie ac/fzarrn./

Geneml Or”-l'loqonaz CoorA?naJre S\/S';LcmL (pure COncluc"-ion>

Deﬁnin\a u,,Uuz, Us (3 coordinade dimensions

dgl 21’\|du; ‘7 l’h:l ) du|=d><
ds,_ = hldua § For eXQmpfe = (ortesion hy, = | | duL=d
dSs 21"3&”3 hs=1, O,LJ5=AZ,

We con qcnemliac Hﬂe -Qo”owmgi

KN4

" [ .aT
9" = kg &M.I




/\/enao/ M;'&'ﬁavrb

Q) jj@ ds, ds; jf L)L du, du,
Jr@‘: é?u,f b o/uzolus‘/

Gk
N The most wcehilld gerers!
A ks gy du, | = The most usetul] 2
@r)aff £ ) form yﬂu N Jeorn. \?m "
b ok il T e
eTs Cnec | o , om rodia oherice.
O Rodial Wf e i examples = dial £ sphericl
U= ds, =(Ndr = h, =]
U,=© dSZ" roe = h,=r
Uy = & 583—055 = hs =|

&QL‘,L sulDS‘lTI'M‘IWY)j 2_1?"’0 our: 'i%rmu‘o\‘l'lon

Q ——kQTjo —mde&a =—LL&de2frJ6
el AT A2

'Q ]ff ’”mdedz

= —Fc &, T / O,r B/r/
,[}”fda de ; ) /n/ ) =I€CY/

We see #fme #16 @rmalism worlts Tr\/ ]—:L nlgr s*,okeh’m].
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E(cxmp le #5} El[ipseh (Foc'\ |~oco\4éc172c é\ﬁ)qr.\)

Minor 7 (%2
1;_ A\/ (Axrl\s)r‘

RN T
R

, L/{| = }Z L\, = unhnown \/e'!' (we w'\” SOIVC 400,, ‘_].)
Ue=T le_ = unltnown L/c.]— _
(/1‘3 = %I }’13 = |

HFS‘,' we neec) 'l'o so\ue ‘%r‘ ,’\,ﬁ ,f)z_ WQ con U some nice
'!vu\'gg A i(:JCV\*]‘hLiCS f 'Por e\l‘npses"
Rule *1: Coordinale Trans%rmo&ioﬂ ?
b —a2=c2 = X=CCostZCOS(§m ; A;CCUSA'Z,
| \ =coshysin® 5 o =¢ sin})iz,

1 = so 'éz-a2=C?‘(Wf are OK {)

Somc }Acn‘l’#ics wc'” neeJ aré

A 7
+ &
C05[4¢7/ - £ 7
\ T -e L

- o ly
S 4 s 9’—”/ - b, = C (koY wcosnsn’ )
= X‘l + \/\j = Z 2 . ) //2. A)=Z)2
| (Coordinale ) /dT“ ( =h, = C(coshnsin®P +sin Z/Zcosz,'@ ]
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_,77)/'5 ma/cej our [ies a /o-/ easier

K _ 'Zlo/iﬁ _ ",
s O[T‘[LJQPJ% 77‘&11_

| We Ztnouu —Hflajr : O\ZE = Cosh ,+ sinh "
: 64' -I-C-m—{_ 6'7-/_6"2/
VA 2

o g -(B22)
- | So our m/u#an éecomesf | Q ) AT 77[{ L | /2 . In /ﬂcﬂs—) g
~ "" I (22%) Thil

| ,,,/\/07[6, #his soludion s exvlreme/y useil] since it can be 7('/590/77”4377
solve +the 4//ow}n3 cases S

_—_@m/

—

Vs : Soot- Weld;
____Casc , 0007[_ ¢ mﬁ -We neg Iecl— Jhis res'»&'ﬁme; But becouse

-
R spresk ina resistonce here is

\ e —
/% % Ia high, safe approximecton.
| M bz=,/c12+cz

1 zaﬂﬁ
usin3 the obove resistance pujrs an ypper bound én our“ |

heot Honsfer Q E\/ Tassum‘mj ay’inolricaxl streou:ana. |

% L
k[ =K =%z

= Ke = )*?{%-tb) > ox/bicr

Thl

NCoge 2

AN

[e/—b--bl T , Brolien Aown into Zres»sv'ﬂnces
(Yood cxppro(lme:?v'on. @
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%@\/O/\/CO/ E///pso}o/ b (MOQ'Or axis\) , O (M‘mor O\x‘\s), 2C QQOiS’lnnCC
" B

~
v-

" a7
e Ty
dh = zrx b, Y

g [y Sk ST oy
Q = -z2rlccoshy % J’W;OS T Jffj"
o

= —ZTFL(.CCOSI’I :&% L

(0

|
2rhe ,(

°

~ T

1 v .
| j/fdrt :__L—J__@_JVL__ el A -et
lcc J, |

R:Z—ﬂ' e'L+6"7- T,_IA.C A

/e _ | emo’}\

The Jo 0T+ |

rl = Q

K = 7T£(C [h”"(eﬂa ’T;T] D we linou Hhos @;/,,(%ié)

n, _ o+b

(£ - gk [t (22) -7 | ST Y @
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So 'nC we alapL/ our SO‘U‘l'iOVl 40 o Semi—‘wﬁniie bocly ’

.ll’\pﬂﬂ'l‘\'ﬁ

O\ —P oo

b-—-&oo

[

L AT ey

A
A G ey ar arad

=\

R =

Th e

%Qn—'?;> =£-—

[_ft,_ﬂ: _
2 4 4 C

¢ I
_, [o+b _r %7 y
[“”'(T) ) eﬂ

j', £
fﬂl

\I\J\'\en NASA was worl,«}ng wijrh- —H\is pm“cm n -“qe 50S ancj
GO'SI —qu\/ used an Q‘opmximc\‘!ﬁon usinﬁ sf)ﬂeri(a‘ rcs'IS’I'ancc.

. {
m—ﬁn'rl'é Knppmx = H

2
L& nofe, divide

-3)

by 2

, r, —&e° not 4 since
7777 7 777 7 Y‘\ > C }’I&/{l'sooher‘ﬂ.
| A=A
- ~s0% off)
Kogpro e (Fs0%
gﬂ'ﬂ‘" = 4—;;—5 < gﬂpprox

ENO OF LECTURE 5
Com'.ooshtc W&H pmlo‘ems

-+ Q,,

Sy sS S Ll Ll L L

K, ® k| -

@
A A A A A A A A A g g
fo— L | sl Ly = Loy ————sb— Ly}

T, 1

ho

There are Awo WS +o C\nQZ\/ZC 7%[5 /Omé/em /éo#ﬁivi@ o/:#gwm[

ariswers,



DParallel Appmach

Nenod M, \/j leovic

N
2QP s K3
to [# T R
K = + LZ
- o A
g, = b,
“ L(, 3 L‘A3

A

= +
C.l/l{\ + Lz/[()_'i‘ La/[q_

Qs
—p

g - A

&S_‘\_A__e_i —[}l‘ml/(op#\is woy

Peal Life: T uill vory here

AT A
f— i e

Hest Flow Lines

e L,
- - & (e + whram

ad
LY
mﬁA,) ‘ﬂ

T+ s qlwo75 '{'Yut ‘H’)a’\":
Iﬂ en m(f
AdFos

| ZgANOW}nB

) N ad n'oqu‘l’iC. surfﬁaces :
'lnﬂ(x?nivlﬁ. conductorce :

l@p £ Qeear £ Qg
LDLower‘ Round L—s Upper Bound

eshmate eshmade,

RT, Q&
Re, Qt

&)
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EXQmpfe #g | ¢ L >

vy, /7 //_/’/////
[

q

7777 //
d | d
IR = X = L] o2
AT Assumm r!j o 10 ronl;'t’,m
Q £ —-I——L—CIX— Tn reall L/, 20 anc’ ﬁcldec‘ reS\S‘{Unce
T j 7 will come nto p'o«y due Yo fonaer‘pl"h

The Nievé opproach : ,ZT:._/_/A 4 ~ Li‘
sT s -, Kdx =K e
A= JA(X)JX °

YT T Y AN A

Bu--, 'nts '\mporjran+ —rlo no4—e —Hycri— ; Asidei
- L ol 1-0 solukion
- ( AX > , J dX , heat Llow lin
C \LA ><> ( A(X) TMT &
N ——~ = 755 “
A ri Hnme“’ic Har monic Qem
Mea n con Cuvved hest «flou/
[ [E s ;) Lt €.
ee{l>‘ A() = ( f’A(X>J> Tl// Z ST TL
AT

L |
Qﬁea_l- l_ de L L('fz QA(X>C1X

), A6
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) Examp‘e#ﬂ
b
N ¢ (Ll L LLLLSLL &’ = lnea+ ‘I’mns@r mjre— per
T unt 'enS—H'l info boord
Tk L) T2 or poper.
?///T///////m B X
ol BT
dQ —_ LLCIY ﬁ(\/) ff@&l l’,eoJL '\Lh:\ns@r,
Q') = z{ATJ% = V)O't‘C‘ &) Z(’) Since In F&"J;L/) [’vea'{‘
o W‘B Y—t, can Slorfad /a"'ero\H/V qncJ ‘}D\Ltf
K < T (j T(\/_)> #}e pa#; ov[) least resis neeé.,
7) N OA ’ Iq This s no‘l’ (‘ons')cxerecj here.
[he Nieve roach ! €. ‘ )
o / “ PP Solq"'ionl ///'\//F/Ijee/cl‘/-p'o» Imes (1 O)
”é z = —V:]— ,Z(\/)(JY T‘ __E__ TZ
= —=—

o= | aedy eal Life:

, ° w v\ \
Q= chaTdﬂv)dr) a—

| ngm Jhis we can soy Jhodt -

, / ‘Uéi_ - / W -")/W@ '\IE’J ?A/rffdy
all 7; (fo Z(Y)) = W£ZKY)JY Ai?-)lnr:eﬁc G:nea\n_?_

Harmonic mean.
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@uasi - 10 KOna/ucvéon . Fing

AsSum,o%ons; l) p, A - conctont (per}mijrer ond Area of Fin)
2) No heat generfion

3) The  heat fronster i 10

\th% Aoe§ c\gs(,‘mpi'}on 3) mean? No 4@mdsem4ure \/O\rioaLiOY)
g in the \/'Cjirecwlion.

1 P
ﬁT %LJMW%/, hA-C% -0 (Adiabekc)
i Sy (odher 8.C.'S)

yd h
So }qow do we %uan—n['iﬂg 7%5 %@myocm%ure Varimlion in #re_

7

- dimensi
\/ mens. ‘f’:mw -’—e,mp@ﬂa‘hlrﬁ)

- T (Surlbce 4cmp-)

J‘E ~ T (Cem[c:r 4€m,0>

Ooj,z? A heat  balance across he '/4/7, we obipin :
a7 -
kg (49 <) (L) (T-Te)

COnJch-ion Convection
97—— Tz_ ’T _ T
= 72 = "‘/"% ~ 0.05
- 2
7;/ Tf / /ré / =2 1%;’ #ﬂ Aeql 740”54,,
?[ﬁk_ 225 7 & < o~ 5;4: in the Hhicliness direcd

Biot Number,



/\/enao/ M /'J’/{o vil

Imler reﬁué‘on; / T@m , Céan €S  OCross 4[/;@ ﬁn 7%?6[{}7695 are sma//
s ) Com,faret! 7‘0\? —%ose €><1l€“’)°\/ ‘/b 7%@ —A?o
( isothermal in Y ot o /Oamé(u/ar x)
2) Tndemal  resistonce 4o conducthon across He
%}clmeSS of /AC 741 is small Fompaﬂ"a/%‘l? f€$)S7lcm(€

o(,ie 7[0 exlemcxl (’onvcc%'or). /€. ona{ << fonv

We can double cheele Hhis righ+ away :

t
;zﬁo_w_d.:]ez__,%af
con L '
Keonv i

L/
6% << 1
Now we can  mode/ %e 7/‘5'7“ﬁ€1ﬂ74/f6 ohs Fribuion
—>4x . 2 N
q’x_—ﬁ _*Pq"ﬂ-fﬁ)( = Clx-\_a—x(cl'x)ﬁx-'—%(-i(q/r)bx z"\"'

b— dx 3]

C),Canu = hpdx (T_T:D> ; )0=‘Oer'\me-ler~ or surpacc area\/un'rl ’ergl/y

We also hnow #10:}'1 OLx = - L(A%%;‘
-Eﬂera\-/ Ecxfan(e'-

—%-dx=lmpcjx (T-Te) |

%(L(A%;[) - hP(T-Tz) =0
061420}/)\9 &=1-Tz  do=dT |



% Ir\'pmrlﬁ J:m (ase (X—-bm)

MNenod Mi\//'/(qvi C

9% _11.6 _
&Aaxz L\PQT-O = A% kAe—O ,
L
929 Le —e =m2
-m*0 =Q (UA_——=~""
AxZ Works i :
Lm€ar Secono/ order ODE Y (n) ()
OUF CAQVOC'/CV}S‘!IC ciucuzmn IS (ODE Concef)?[) e ’-'+O\,\/'+QD\7 =0

)‘2 = Euler
A= m? |

)\ =Xm ASiO‘E‘. pmo—ﬁ mc s:x’m‘-ior)} ,

e =Ce™+(C,e ™
e =mle™ - maGe
" = mrCe™ t m2Ge ™x
e'-m?e =!ﬂ2((, e Qe"’") -m¥e)
=0 QED

Se our Scneml so(u-!'ion 'S -
o(x)=Ce ™+ Ge ™

We howe 'IQW clirec-l-ions ’J'D
o o

—-mX

Our BC S bccome
9()( O) Tﬁ T_P = @b
9(X=L-9a0>=_r1c_-rp=o

o(x)=Ce" +Ce )
0 (w) =0 w CLe”m

Q( ) ob =0 —:49;” So/u‘Aormlo éc Vék/o/
X=0
oL=Ts- 7}—( e/m) = (

9()() = BlLe -mx
-7 __6—%)(
| To-T#
W}'!O\"‘ O\l:)ou'!' }weo:,' ‘}'mns'é)@r %om #}C BO\SE ','D -”1e -Qn | _
Quet = Qlo) = ~kA 22| —tlhaime?™
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| /Qnev’*-“ +M91,/l[? ~JUAhP 9&/

Nee: Qret _ JWAnP 067 [P _[U _ g% s

———-———-———

R hA ey hd  Vht

7777A|so npqle; kere' thodt _AP___: _—L\; In 6@nem| L° Xijj&ca éjég %

oo LChqmclens-kc -t
' mX LWD
Sanidy cheok: Qb - | hPOIx = /APQLe’ e

- hpow £ - AL AP,

| @Insu/a/f:o/ T;o case (A / =) -

 — 2 9'=0  bL's:
;L(QE} =0
l xe——] - 2o
X=0 8(x=L)=06b

Ox)=Ce™+Ce ™
WC can fcuurijrc —He\is as '

o(x) = (, cosh (mx) + G sinh (mx)
| Subshlule wn our B.C's

%e = Cmsinh (mx) + Gm COS”?(MX)
% o

2| ~Cranf) + Geah(e) & Gm=0 = G =0

AX

a(x) = ((mlq(mx) > Aply our secord BC
Q(X L)—— O —C:S-J" "Y‘Lf , ,
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gac[( suésvé%%)zy

- Ol Cosh / mx)
° (x> cosh (mL)

7 -TF _ cosh [sz Qret ,,Mlil\‘i”ljv
7o -Tr Cosh (mL

How O\[)om[ }lmoZ %nsfcf?

B Sm")( L) WSink(mL)

Onet =\JLtA)np (Tb’ﬂ) %%n%] = Heod %nsfcr fom the
_ m )nsu]a}eé ""\,0 £n.

L1&3717?»’21_)
@ Perscri bed Tip Tempermlure (T/X= L) = T,_)

h
ﬁﬁ%‘r\./?ﬂ(x=l—\> = T
h

T won¥ go -/Aroqglv Fhe mav%, ( you can do #,;s) but Hhe so/uvé'or) /S

T-Te _ Ti-Tz sinh(mx) + sinhlm(L-x)]
Ts-Tr Ty -1Tr sinh (mL)

@ Convecﬂé‘or) on 72;0 (/) /T/X=L) "7:"> =~k g/ﬁt)

.
" “):LT_‘?H
Il fos}’(m[[’x))+n—7/7)z'§in/7 /m/L_-jZ)
o T# cos/ (ML)+”-7/2':5inA{ml) |
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Fin Evl%?cienw (Tnsuladed ’l';ﬁ)

Actua] Heod Tronster
Head Transter ¥ &=04 eve»/wéere

_ Qadhal
| 9 idea

We lnow : D ideal = A(PL){%
D achial —//7'0(7 ﬁ)c]x ,//(Ap Bl éonk(mL)

e
T osuloded Tp Bnet

Fin E#c:ency =4, =

_ JLAP @{éﬂnlﬂ(m) WA Lank(mL)

E
/7 , = ‘ECW)A (mL) I _ Clac"*uokl
fin mL 9 ideor]

, For o#wer (Oﬂﬂﬁum’l‘iom) See MNS 9. 104 - 105

‘Em Qes‘ns']nnce (Q#;n> = For }nsu'cnlecl Jw‘p casé

R{; :_QL = M - : Qﬁ - /
| " Gackel  Gechel  JRAPK fonh(ml)oX b AL,

gﬂn - / /:> AQ = oulside area of _,an (pL>

}

R e

]Fm EfHechveness (Epm)

| g{: _ QC'(UOJ L\eo\'{ ‘IL}’ons—fer‘ P—penme-ler

heat +honsfer & mo fin ;\-Ag g/ezg-”q
I TAR ‘@f _ @(PL> / fin.

} ‘l/l

END OF LECTURE ¢ @
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Fins w/# /%ml 6cnem74'of7 ( Q '")
b (T=T7) e 710(/)()4 femporire

%‘; ’_—%——bqﬂ—ax =t gq: LX e

Wri‘l‘ma ou'I’ our 6:’\6»/3\/ locxlcmce

A/@X—A;qg'{‘ (?%("—;5/7/(+ ;—%AX + H. OT) +-@’NA}X% ka)((T—T_{_)
We  know from Fouriers Law: 9, =" ‘gz
B 1o nor) S et

}_eHﬁnﬁ OX 50 ond 6 =T-Tr

de =dT
\f\le Zob'lt\‘m hp
Assummj —”')e msulq*ec‘ ';-rp concJ "‘10»’) our E CS éemme
=0 L %f
ax X =0 @b.
o(x=L) = 64 e

7?) SO/\/6, weé can a/o 7%6, /ﬁrvécu/ar‘ ar»o/ AomczyeneauS 50/u74'on :
f;aﬂlfculo.r"

929 6'))!/ _ . _
ot t T T =0

(/Sﬂe?l\jﬁ/s 7ZD zero ( uick SO/LHéoV) for He r/é"cu/qr>
- @hh &k g, G4
Sl T e .

/\/OW we mové  on /o /Ac //omo e/eouUs ﬂﬁﬂ/
7 &
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;_/fgm%c)m&’ cl;_@_h_ _m?6) =0
XZ.
Wel\le a,ready So}\lea 'Hﬁis f)mlslem lﬂe‘ﬁ)re, No#ﬁnﬁ 13(_/%

Sy = C cosh (mx> + Csinh (mx)
Now we combine Ep 4-@;, = 9(><> and appty our B.C s

GM @p[X)“FQh(X) = hp + (Cos*% /VW) 4—( S‘mfv(mx>
g—? ¥=O=O C.mSm%("))'l'Czrn(‘o/‘«f(m(OD =D C =0
o(x=L)=0L = h‘p + G cosh () -
Q"
C/ = &b - _/’)TPA-
(os/)(mUé)WA
ooo = *Q"—/'_\— ~+ Qé —7’70’— o)
o (x) h ey cosh (mx)

o X " osh (mx)
e(x) - ©b fosﬁ?r:L)) T Q / (’ C&;igﬁ’”—

Lb—lémpenrl'ure pmﬁ le n -»'\e -Qn w':#'\ }leo\‘} 3cr)erml.
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Table 5.4 Conduction shape factors: Q = S kAT, Ry = 1/(kS).

Situation Shape factor, S Dimensions Source
1. Conduction through a slab A/L meter Example 2.2
2. Conduction through wall of a long 2m
thick cylinder I (ralT) none Example 5.9
3. Conduction through a thick-walled 4711 (vo7i)
hollow sphere -1, meter Example 5.10
4. The boundary of a spherical hole of
radius R conducting into an infinite
medium
. Problems 5.19
%‘. ; 41R meter and 2.15
///,
5. Cylinder of radius R and length L,
transferring heat to a parallel
isothermal plane; h « L
T2
2L
—_— t 5.16
/ cosh™! (h/R) meter I5.16]
L A
-
7 i s I
6. Same as item 5, but with L — o 2w
(two-dimensional conduction) cosh™! (h/R) none [5.16]
7. An isothermal sphere of radius R
transfers heat to an isothermal
plane; R/h < 0.8 (see item 4)
( ki 41tR
™
—_— 5.16, 5.17]
- T T—R/2h meter (5.16,
7 111/
e
/ 245
/ T, / / / / /
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7=0 g-r X §1‘_>(_S__> S

g/ X S _PB
X ez

" - (lLAT) ,Or s (ex //LQYO)
CL,:o e [/_(_i%_)%]us‘/ézﬁ

So oyr Comp’e‘k SO‘mlion Bemmes’-__r

" _ [hkaT @)(T*rgw & Iéxl&'p &
13- )[<o0-o] -&T

A

0 —
| q'yzo., =ha- ZL'CL\_Q /o solve this /h/q?m/, we need fo assume
<Xq,l~/=o)= bﬁ_ -Nuy o velociy profile” and solve,
| leaT £

gHowever, #’;ere /s A 7Ln‘c[<, since 74)@ irnlegm/ /s no7Z s\

é&nc%‘on of  Xo ot a/// it hos 1s eiua/ fo 0.332,
iLewL'S see whad T mean.
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o, s o,
Nue = 0.332 Ko > - "

@ & |~
| A \ e 2 1,0

To see w}a7 =0.332, leds ook od —qu}’;mr} of X.=0
gfxllz Pl’ e

BT
,,,

77’!6 SOIMAOH (’o//a/OSﬁS’ 710 odr /'/’)/'74'0\/ So/U”lé'Or) So/UC‘CJ/ on
PC\QC 9 oﬁ no*es (ge C!f)eC[t), _nve on[7 WDy }7[ Joes *ﬂw’s

IS }o[’ #;e }n-/e ra/ on #)e révious ¢ =0,332,
ﬁ END OF LéCT‘JQE ﬁﬁﬁ < how b.?. NSF vides

A /
Nux = 0.332 =~ 0.232 e, 2Pr"

So w\no«!’ 'rﬁ we 1’\0«:4 g*eps owp }’)ea-l'inﬁ ‘mS'}C&A of OHL/ 4543??

5 Tw"Tpc FANY -
’ { @'(ﬁ‘/.%)” T_;‘:’ul:@x
s 2 This will sodel
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Lo fing) = -ol)-FE) 1

A SR IO T e

'p(X,O,S) = | = Woll ‘l'emper&"UfC ot y=0 =>,
—p(X,oo, 3) =0 = od VARdat T-Te.
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gsuperpos?%‘o/) ‘/D solve,
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e
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e CIL
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Uoe
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} , Ls&\

:‘ % | [__Q, 7 iﬂ; D
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\NC Ltnouu -ﬂom prev}ous SO'LA—;‘on 'me'- #)c 6 2, #n‘c[/mess 1)
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S _ 5.0
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e B el heod Hlx (7)) # (To-T)= B

\/‘-‘-O
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) D —O'OS‘%O/ I+ X>Xey, he Llow s 744//7 o/eve/:r)jd,

NOuu oo[/iir)g OJ{’ %e '&IY 0)6\16 000€O] 1’63)0") wm)—[q Nawer S‘/oé(e;

( X- mOmcr\+um

(_f_gu + uraux +419u" + uxga%(x> = —ge t+

/u[k SP( &ux) r= Qal;-’- 99:{5] +538x
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Iﬂkgm%ﬁnﬁ 7Lwic€ 6\/70( O}pp/\/)nj our éoung/q»7 Cono/,'%ions;

Ll/{(r

Now 110 we SOI\/C ’ér‘ our avemje ve oc|~l71

U=w_{,,ozju,2wdr )/(/ Dok, A=F

[U— x}j ’QB/ 2
) = 25 (- )|

—K/pico\”\/, we Wan"[’/lo S‘OIVC ’/%" our 74) 740/) (‘ae%c,cnf/

and Pressure loss
][ 2 ée 7476740/1 74C743)" EQS\/ wa,f 'LO
<D;2})V calcu 0\116 pressure loss in ‘}ui:eg

C.p \/z = TAC 747 %on foeﬁc;fml \/\JC ve o’clermmed
z¥ before. THs reloted 4o the Bickion 4actor

LOOL(MS C;\"' SN ’VQHI‘\LQ J’ﬁ@f&’\"’ual e'emenJ- N oyr '#,OV\J QHCJ

U\S\na (SN Y lDOJane

} >\felom pm-ﬁ’e n o pipe
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—_— _—{>~APTF1%Z
S Wa—
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N
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We  can Sow/ Lpr=Jr»!
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\7[ (L)z 33\17—

Weue solved before  thadt T

3’“\/~_§;€=_A_€® - %’A( )
r* X L

g'}:mm@)i AP 20 =J[=2,M>J,ZO

L 53\/7‘ )
ICM/JD _ I _leup _ ehu  _ 64
Y (ﬂ> D)pv VD Rey

= pl "Q’) ‘Aon ’é\mlo 'ér / /narfb*’
L\][ zgg A'Spf Lmown as 'H’?G Dfoxr‘cx/ \f\?erg‘oock ecy\
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366 Table 45' £29E 307 of Mils. [OH ‘M ) ﬁ::er::]evlm

Hec& Tmnsvfer in #76 /0}06
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> . > X
L————& /T///?ST . \—/

F—XeL /4

QHere we have &N S)m;/or‘ S/?Luméon as 7%6

Ayolroo/ynamm
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TS esh mmlc 74)6 Aeavz %Dng_/éf/ /cvlsl %ry (2N S)mp/é Oan\ZySLS

/
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AT
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}TNZL( _41< — [
D B

We frow Hhat mo = b[?‘ => (I\luo ~ L&] = Just from o
Very s)mp'ﬁ o\nelysis
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I‘l’ls ‘lmpor—‘nmt ‘ID f\owLC )16?’6 #)O\‘L }’7&14 %nsfcr ’v%r‘ '/n%ernq,
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V = &vemae vcloc#y

.ConS‘)larn[ Wa// /‘/ea% F/ux ( ”:COWS%Dml, 7@// o/@ue/o 0/7[70*)
xU\Jrrhnj out our energy C’ci/ua%%;: (\UC wkli ienluei&‘is o\’fif-,-“c lmjrer>
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L N LP—F—FE "
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v &)"n’ rr;
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k2 (T-T) = 9" - constont
e
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r
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S now we have b sole Br the radial demperature profle
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