Solution of HW#1
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q'=
The heat flux may be obtained from
q"=h(T.. — Ty ;) = 25 W/m? - K (800-600)" C

q’=5000 W/m”.

Substituting for the heat flux from Eq. (2) into Eq. (1), find
0.15 _ 580 _ 380
kB q 5

kg =1.53 Wm-K.
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T, T, ; e
Rins = I'll!slkAt' (h —_— O—W' V\,ONO VIAAN©
" 9 Rns  Fmn
For the tin, Table 3 4. Case B.Eg. 3.76.
: (2
R * = ( = -
lin “\J'-h (hPKA. )1 2 anh (ml)
2 2 ) (3.4.5)
mo(Wfir)2 Ac=abPfs pead
From the thermal network, by inspachion. 3
To-Te Tw-1lg To = Te _,_.E.I.Lu._.([“, T (6}
Riin Rins * Riin er::- + Ry
(b Substiuting numerical values into Eqs. )= thpwith [, - 200 mm, -
T.=25C i__ﬂ‘;_(:tur 5 C=109°C
= 6.790 1 6 298
= 0.208m 6 TOK[W A, - r(0025m) /4 Cqom. 10 m?
- t-ll\\'/m- K <4909~ 1074 m?
4 l : - -, - -
Riin = 1/(0,"34'-'\\'3/14“) anh (6,324 <0.200) < 6 298 K/W
{h!‘k\-}-—(li\\’/mzlx - z{v02im)> m\\'/m-K « 4900 Iu"'m:]--. 00347 \»"/};“
| Continued. .
PROBLEM 3.111 (Cont.)
42" 6324m”
m (hl'fls_-\ )"2 -(l:iW/m: K-.7(0.025111}/:»1!\\.‘,“1 K 490910 "m ) = 6.32
= <
13.
For 1 meter axial length; L; _ Ap = md - 12t = 7:0.028 - 12:0.002 = 0.064 m2
In (roudTin) In : .8/2:0) C ,
— in = =] -3 [____] = 1 = 1 B [_g]
P 2-%-Kbronze' L 2.1-52-1 03 x 10 W Rp ke 50.064 =37125 =
Ac =L - thickness = 1.0.002= 0.002 [m] P=2(L)=20 (m]
m= - = i e
Le=L+Ac/P =001 +—Qi%12{m] =0.011 [m] V k-Ac ’\/ 52. 0.002 9.806

=0.760

Rf—_- 1 = 1 -
NYh-Pk-Ac tanh m-Lc  12Y5-2.0-52-0.002 tanh (9.8-0.011)

Ry = ReRe _ 3.1250.760
Ro+ Ry 3.125 + 0.760

o P . = y
2 +Rp + Reg = 550155 +0.00103 + 0.611 = 0.625 ['C/W]

=0.611 ["C/W]

in'Ain
4 T = Taie (98- 15)[C) _
“oH Y R T 0.625 [[C/W] 1725 [%] i
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SCHEMATIC:
: o™
Iﬂsﬂf‘f’fﬂﬂ R SATA T Ar=ry=ri / 3 \’
§ i’ A Esa’? s mbr

_ e ¢ ) LA
g T; ’ T;L il " \9’

ASSUMPTIONS: (1) T is independent of r.z. (2) Ar = (1 - 1) << 1.

ANALYSIS: (a) Define the control volume as V = r,do-Ar-L where L is length normal to page.
Apply the conservation of energy requirement, Eq. 1.11a.

aT

Ein —Eouw +Eg =Eg Qo —Qo-do +4V =PV, e r (12)
aT J
where q" = —k(m . L)W q@'-'d@ = q@ + ‘a'_¢(q6 }d@ (3.4)

Eqs. (3) and (4) follow from Fourier’s law, Eq. 2.1, and from Eq. 2.7, respectivelv. Combining Eqs.
(3) and (4) with Eq. (2) and canceling like terms, find

1 @ aT T
P (6 = ¢ — <
rfaqb[kaq#]”' T o

Since remperature is independent of r and z, this form agrees with Eq. 2.20.
(b) For steady-state conditions with q = 0. the heat equation. (5). becomes

d|, dT
—|k—|=0. 6
d¢[ d¢] W

With constant properties, it follows that dT/d¢ is constant which implies T($) is linear m &. That is.
dT T, -T, 1 1
=2 ey (T,-T;) or T(¢)=T,+—(T -T))o. (78 <
i —(1:-T)) @) =Ti+—(T-T)¢

(¢) The heat rate for the conditions of Part (b) follows from Fourier’s law, Eq. (3). using the
temperature gradient of Eq. (7). That is.

q =—Kk(Ar- L)rl_['*;lt'(]'z "T1)] = _‘{roﬂ;r; ]L(Tz -Ty). © <
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SCHEMATIC: 9"
e . L5
Tm) < T '--r_~||==_- » QJ redr
—
Lo R Thad e ~Copper heat sink

ASSUMPTIONS: (1) Steadv-state conditions, (2) One-dimensional conduction in v negligible
temperature drop across foil thickness), (3} Constant properties, (4) Uniform ncident flux, (5)
Negligible heat loss from foil due to mdiation exchange with enclosure wall, (61 Negligible contact
reststance between foil and heat sink.

ANALYSIS: Applying encrgy conservation to a circular ring extending from rtor +dr,
" dr dg
Yr *<h 2r I'dl')_- Qredr- q9r= —k(.’!:r ﬂ)d—. Qr+dr = Yr —ldr
r dr
Rearranging. find that
d{ dr
(27 rdr)=— (k27 n)— |dr
B =gl Far |
i rd_T | - —-ir'
drl dr |kt

Integrating,
w2 v 2
AT 4™ e and T(r)= - CylarCy.
dr 2kt 4kt E

With dT/drl—0 =0, C| = 0 and with T(r = R) = T(R),

3 2
-R.. ) ) QR-
T(R)=-L=—sC Cy = T(R)+1=—.
(R) o b or 2 (R) Ikt

Hence, the temperature distribution 1s
v A1 (p2_2
T(r)= =R -r"}]+=T(R).
(r) 4!\'(( ) (R)
Applying this result at r = 0. it follows that

' —‘;iz']:T(u)-T(R)j—- %AT. <
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