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~"ll1 215-332,216-333 Heat Transfer

"1. ~'f)~'f)uih1-:lVl6-J~ 6 ~'f) 1ihhVln~'f)•

L'J~1 13.30-16.30

~'f)-:l i'J~u, S201

"
2. 1~vh1uj;j'J~'f)~'f)UU 1~Hn1n~[JULLUU 2 wW11~

3. 'f)uru1(;]1~-w1HJ(;]~1U'JU 1 VloW1 A4 ~L~[JU~'J[J~1[Ji1'f)L~1'~'f)-:l~'f)U1~.'"

4. 1~L~[JU~'f) LL~:;~i~,rn~m~n1u~'f)~'f)UV.JmLeJU

r11111Uj;l"L~

1. Stefan-Boltzmann constant 0" =5.6697xlO-8 W /(m 2 . K4 )
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.;]!l 1) ~nU!l~'Vl~·m~UJ"1J'W1 ~L~'WeJ1Pl'W~mn~ 5 cm ClmL"1J,)'W~!ltl!lrin~I~~!l~ ~~mnl Pl1l1t11'W~!l~LL~:;C.J'l!~
llJ cu 'U cu

~!l~n!lru'VIllij 20°C 'VIlni3-JtJ~:;~'Vlinl~'Vlll"\,)I3-J"f!l'W"lJ!l~mnlPl (convection heat transfer coefficient). "
~!l h = 68 W/(m

2
°C) I"ili3-JtJ~:;~'VlininLeJ~~~l"\,)I3-J"f!l'W"1J!l~~nU!l~ (emissivity) ;)!l E = 0.8 LL~:; ~nU!l~

" ",
n'tll?1~1 n1~nl LU~ l"\,)I3-J"f!l'W1l1t11'WLiJ'W 6x10

5
W/m

3
liN 'VII 'tlml rnrrnn,'Vll"\,)I3-J"f!l'WLL~:;!lru'VIllij~~')~1'W. "
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~'tl 2) 'VINn~~1J'tlnn~,)-:l"1l'W1~fli\iiJl1tJL'W 3 cm LL~~fli\iiJl1tJ'W'f)n 6 cm iirhn1~':nR,)1:J.J~'f)'W k = 20

W/moC LL~~iirel(;J~1n1~n1LU~R,)1:J.J~'f)'WJl1tJL'WLiJ'W 1x10
5

W/m
3

'l..nn~b~1'WL'W"1I'tl-:l'VI~-:ln~~1J'f)n~ruL~tJ
'II ..

R'J1:J.J~'tl'W'f)'f)nhJ900 W/m
2 LL~~~,)~1'W'W'f)mhm'VIR,)1:J.J~'tl'W1r1J'tl1n1li\~iimuVtJl~ 30°C ~:J.J1J~~~'VIin1~Yn

• 'II

R,)1:J.J~'tl'W"1I'tl-:l'f)1n1li\ (convection heat transfer coefficient) ~'f) h = 150 W/(m
2

°C) '"l-:lVt1rel(;Jnmnhm'VI

R,)1:J.J~'f)'W~~')~1'W'W'tln 'f)ruVtJl~~~,)~1'WL'WLL~::::~1'W'W'f)n"1l'f)-:l'VINn~~1J'f)n 'f)ruVtJl~~-:l~ ~L'W'VIN n~~1J'f)n LL~~
q 'U q 'U 'U q



a ., In!l 3'Il'el-1:1'f:J1.'l 111 1:1' .
, ..

iJ II 11.4 .oIII:IIcv.oll:ll I X .. I Q Q 0 '" o.oll:ll
"1I'el 3) ~'J ~l"l'J1'-J [;l1tJ'V11tJL~tJtn.l'l '-J~fl1'-J r, =3 mm l"l1'Ci'-JLJ~:;~'V1fin1~tJ1l"l'J1'-J~'eltJ ~ire=18 W/m C LL~:;'-J

, ,
cv 0 Q '" .c::lII. 6 3'" it '" Q ..c! Q. Ql

'el[;l~1n1m1LtJ~l"l'J1'-J~'eltJl"l'l'V1 9 = 1.5x10 W/m L~tJ~'J~~n'1'-J~'J!j~~1~[;ln~tJ1 t "ll'l~~1~[;ln'-Jl"l1

l'-JLJ~:;~'V1in1nJ1 l"l'J1'-J~'eltJ kplastic = 1.8 W/m DC ~'J ~1tJtJ'eln"1l'el'l~~1~ ~ n~ t1J L~!j l"l'J1'-J'f'eltJt~!j n1~~1 l"l'J1'-J
, ..

II cv "'..c! Q Q 0 .J": .. I Q Q '" 20
~'eltJn1Jmn1fl1LL'J~~'el'-J"ll'lmn1fl1'-J'elru~!l'-JToo = 25 C LL~:;'Ci'-JLJ~:;~'V1fin1~~1l"l'J1'-J~'eltJ, h = 14 W/(m C)

• OJ

~1n~'-J~~~1LiJtJn1~tJ1l"l'J1'-J~'eltJlifl1i'11'lL~m 1tJ~!l1'J:; steady LL~:;~'J~m'J 1 m "l'l~1 n) 'ti[;l~1n1~

~1m'V1l"l'J1'-J~'eltJ "11) 'elru~!l~~~'JtJ'eln"1l'el'lL~tJ~'J~ (T ) 1tJnnu~hj~~~1~~n~'-J l"l) l"l'J1'-J~tJ1"11'el'l
• OJ r1 •

~~1~~n~'-J t ~1n~'el'ln1~1~~ru~JJ~ Tr1 hlLntJ90
DC

. Plastic cover
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~'e) 4) L~'e)fm~t1'e)ClJ'IM1~111tJLt.l CPU chip L~hj~,:mrJ1 75 °c ~,:jijn1)'n fins ~.;h~1!Ol1nL~~~c.J~~~,:jijri1
• .. 'lJ

n1)'U1,",,)1~~'e)t.l 200 W/m K L~'e))'~U1tJ'"'')1~~'e)t.l'e)'e)n!Ol1n chip L£;ltJ fins ijin'MClJ:;dJt.lLL'Vi,:j~m~tJ~~J;1f~•
I I. _ • <II:lI I •

'llt.l1£;l 1x1 mm tJ'l') 15 mm ~1t.l fins ~t.l1 5 mm )''e)tJJ;1'e))':;~,)1,:j fins nu chip ~,",1 contact resistance,
dS

R
t c

= 5x10·6 m2
K1W win chip ij'llt.l1£;l 57 mm x 57 mm LL~:;ij'"'')1~~'e)t.lLn£;l{t.lLt.l'eiJ;1nn1)' 150 W

..
Clio 0 ~ .. I oQ,Q i-' 2 0 0

'e)ClJ~l1~'ll'e),:jmn1fll Tex) =30 C, LL~:;~~u)':;~'YIDn1)''W1'"'')1~)''e)t.lh =150 W/m K !Ol,:j,",1t.l,)ClJ~1!Ol1t.l,)t.l
• 'lJ

fin ~~'e),:j~(;li,:j L~'e)I~ht.l'Ci1,:jLL~:;~1t.l~1,:j'll'e),:j chip hjijn1)'r;i1m'YI,",,)1~~'e)t.l (~~1m~J;1 ~1t.l')t.l fin Lt.l)'U
• 'lJ

hJ1-rl~1t.l')t.l~'Jn~'e),:j LL~:;hJ~£;ln1)'r;i1m'YI'"'')1~~'e)t.l~U~1tJ'"'1u Q fin =80 JPhkA tanh(mL))

L =15mm

5mm

1x1 mm

-0 2
RI,C = 5x10 m KIW

.......................................... .

::.::::::::.::::::::.:<::::.::::::::.::............... . ..
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.... . .

57mm



... ." 'j)

'}j'tJ-'fffJ'l , 111'ff " 11 'U1 5

"
;'tl 5) iOl..:l':3Ll"l~1:;~1f'1!'\.nn1~-W1l"l'J1~~'tl'l.l1'l.l~Jl1'J:; transient (;]'tlL1H1

Ci ° 3n) ~nU'tl'ClLVI'Cln (k = 54 W/m C, p = 7,833 kg/m, LL'Cl:; cp = 0.465 KJ/kg) "1l'l.l1l?l
" ,

L~'l.le.i1':l'l.ltJn'Cl1..:l 60 mm Qn,uLL~..:ltl?l!Jn1~'tlUiOl'l.lij~r:uVlJJ~ 900°C LL~'J'\'111;"L~'W~'Jl'l.l-W1~'WiOl'l.lij~r:uVlJJ~~
" r

~'J'l.l'tln 50°C Vl1n-W1~'l.l~'tlr:uVlJl~ 30°C LL'Cl:;ol~lh:;~'Ylfin1~~1l"l'J1~~'el'l.l h = 1,000 W/m
20C iOl..:llh:;~1r:u

• 'lJ

,
~ Go' "'..cd'" .d cr 'I I

~:;t1:; L'J'Cl1"1l'tl..:lnseinun1~"llULL"1l..:l LL'Cl:;~ 'Cl..:l..:l1'l.ll"l'J 1~~'el'l.l'YI (;l'tl..:ll?l..:l'el'el niOl1n 'Cl nus 'Cl LVI 'Cl n ~'l.lVl'l.l'JtliOl 'Cl (J)
• 'lJ 'lJ

(n1'111'UlJl"Lmoif:jfi Lumped system analysis)
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"
"11) -vi1an1'o~hm~1.'I.J~'El n) L~tJH Temperature chart
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I;'.Q I '" oIC:lI Q' Qjol:lil '" I ..

"II~ 6) Yl""l1J'n,l1mnl1m'Yl~'J1'-lJ'~'l.l"ll~-.3~J'1JL'l!I~n'YlJ'·mJ'~1J~n'Yl'-l~'J1'-ltl1'J L= 10 cm LL~~L~'l.l1:-J1~'l.lfm~1-.3
'II

, ,
1" Q'.oC:II I 0 '" a '" 4 Qj oCII .Q oCII 0

D = 1 cm ~~m'l!l~n'-l~1mJ''l.l1~'J1'-lJ'~'l.l k = 50 W/m C ~1'l.l'l!l'l.l-.3"11~-.3~J'1J'-lT,]ru'l!l1J'-l~-.3'Yl To = 200 C

1'l.l"llru~c:i'J~1'l.l~1-.3Ln~mJ'Yl1~'J1'-l~~'l.lrl1Jmm~LL'J~~~'-l~'tlru'l!lJ1ij TCO = 30°C LL~~~'-lUJ'~~'YlfimJ'Yl1
• 'II

~'J1'-l~~'l.l h = 50 W/m
2 °c 'l!I1n~M-!~1ihiJ'l.ltr'1!'l!I1mJ'-W1~'J1'-l~'tl'l.lli~'Yl1-.3L~tI'J 1'l.l~J11'J~ steady state

'"
LL~~L~t1'l.l~'-lmJ'~ru(;l~1~ (;lft~ c;i-.3i1

at x = L

at x = 0

in 0 s x < L

Ph 4h
N 2 = =

kA leD

d
2T(x)

_ N 2T(x) = 0
dx 2

T(x) = 200°C

k dT(x) = 0
dx

""1-.3 L~t1'l.l~'-lmJ' finite difference t~tILLt1-.3~'J1'-ltl1'J"II'tl-.3

i(;lCl~~mtJ'l.l 5 "l!'J-.3L'V111rl'l.l LL~~~1'l.l'Jru'l!l1'tlru'l!lJ1ij~~1LLWW-:l1J'l.l
• • 'II

IL. ..
I X
I
I
I
I
I
I
I
I

oIL--- --'lo=__

I
I
I
I
I
I

Nodes t;l1-:l1 ~'JtI~ finite difference



Sphere

(ll) Midpoint temperature (from M. P. Heisler)
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(b) Temperature distribution (from M. P. Heisler) (c) Heat transfer (from H. Grober et al.)


