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Problem 1

9.2 Using the values of density for water in Table A6, cal-

culate the volumetric thermal expansion cocfficient at
300K from its definition, Equation 9.4, and compare

your result with the tabulated valuc.
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Problem 2 (part a: very similar to our exam 1 question! Note that the fins are isothermal ‘/——> LG

so this is not a true fin problem.)
9.9 Consider ¢ of vertical rect lar fins, which
Consi an armay of vertic rectangular fins ic (ZD’,;' O; /Z (300#350)/3 s 350 /<

is to be used to cool an clectronic device mounted in

quicscent, atmospheric air at Ty = 27°C. Each fin has L
L=20mm and H = 150mm and operates at an VY =&Yl 108
approximately uniform temperature of I, = 77°C. - 0222
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air. 7, = 300 K (6'( ;ﬁ
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az 6o, b (.5 r27)( ,03;) 105 ¥10°

(a) Viewing cach fin surface as a vertical plate in
an infinite, quicscent medium, bricfly describe 5‘x10 )'ﬂ’ CER 7
why there exists an optimum fin spacing S. Using ( 7/

Figure 9.4, estimate the optimum value of § for 5 Z S _(7 x €, 7/ 5 L( ( %o

the prescribed conditions. / !
y : . Vs
(b} For the optimum value of § und a fin thickness of J Sy .
¢ = 1.5 mm, estimate the rate of heat transfer from U“L O, gq(&A 5‘7’ 7z
the fins for an armay of width W = 355 mm. ] . 5

o the Tms ove  Hoo Fac gport, Hien +here won's be PNE g
SUJ‘(:;(@ aree o Ll@&" all T/L\e/auﬁiflaé,"e/ s 24 ;(aw;bu, ./1105#\,«/::2”-
,':_1(' tbuz_ ¥;45 i~ TOO C/'ﬁﬁz/ toe i Pl Aowd'an/\j -’at/gfs vl f ,'om'
aud  tle Swleces won'+ b@ edle 70 tromsker as  imuck L-.evq{.

26=S = ZH,Lmm

U W " 555 (({?’ p‘l"f
S+ Y1 +1,& J,
i 10 Fmg

7=2(i0)(1123) 15:02)(350-300)

9= 33.6%
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Problem 3 K &7 p
S8 T e S L e " ‘ @/ /Lre. ﬁmsf Orcws s e
i ring a winter day, the window of a patio door with a ,
height of 1.8m and width of 1.0m shows a frost :l)cfge' ‘b/c’/ ‘a 5 ‘Hﬂe W“‘M[‘J")
line near its base. The room wall and air temperatures cools the alr , I erfeures
are 15°C. a bowu/aq le el ek s

thiaec ef the top of rie
wirbow, A i bowdery
/aygf (gf/fs'py/lcfs 0
a  higl hear Flux.
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(2) Explain why the window would show a frost layer Qa =L7‘ g;{gﬂ‘g Y}g)(;.g)g =04 ’(J(/ 0 e

at the base rather than at the top. (/L/,//»\/O—c‘)(),?iék ‘/0~§ k: LO2Y TP
(b) Estimate the heat loss through the window duc to d=.956xp —5F
free convection and radiation. Assume the window 3 15
- t = =g
has & umform temperature of 0°C and the emissiv- p&l hofz Fxl 0 TS 670

ity of the glass surface is 0.94. If the room has clec- 12 e L
tric baschoard heating, estimate the corresponding “__/\/u’_ = O, th =222 = h

daily cost of the window heat loss for a unlity rate \l/ b
of 0.18 /AW -h. A 222[.02L(?)/6,8) = 3 0y
Qo = W4 aT= 3,045 (18x1)(15)= 82, 2¢
u A £
Qred= oA (Ts - To) = (1821)(004)(s.67 0V (26e9-273%)  Ta-23%
= &2 Z;uz-F-:Z?j

tafc.f: 740,.Vr7,d = 207.4 W/
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e
(0

S8 |24k _onsq W = 09046
BT I | Tdey

1(/05(: = SO.W
,G(/




HOMEWORK 11 Page 4 of 7 ROSS FISCHER
MCEN 3022 - HEATT.

e —_
Problem 4 le = 127 Tsor = 3355 K
9.39 The thermal conductivity and surface crmissivity of a = )
material may be determined by heating its bottom surface | aiv
and exposing its top surface 0 quicscent air and large sur- \ = Wz :
roundings of cquivalent temperatures, Ty = Ty, = 25°C. | V= | FBNEE O
The remaining surfaces of the sample/heater are well \\ k=273223 »lo =
mnsulated. | K= 24 646 »lO” )
Pe= 7044 %

F\_.r_“» —1 ﬁ" { )?,’*T_

g Ambient 3ir, 1 }

I~ \ / Sample, k | L= A s - LJ W = 0625
[—1 H ] e e
o e s 8 R R

/ V&L
Consider a sample of thickness L = 25 mm and a square | = (5.)(1/ 335, ()[(OO Z€)[ 66’25')
planform of width W = 250 mm. In an expeniment per- | (/7.7"%’%m"//gc(.éuey/o @)

formed under steady-state conditions, temperature mea- f

surements made at the lower and upper surface of the { (2& - , 0 e

sample yicld values of 7, = 150°C and T, = 100°C, \J/L W25 ¥

respectively, for a power mput of £, = 70 W. What are Y

the thermal conductivity and emissivity of the sample? ML =0, ';L/ (QQL> = | 6.0 =
(1806)R - W= .91

(5
| dT
CZCO“CI: kA Iy T F0W = k= (25 ISO) 0,56 W
025 miC

Pc((c - 7&Mv +?r’c‘w/ o /4 (l/' /TZ ‘T‘*’) # ig['?:l( —Ts‘*/u))

s M w2(7.‘1//(7§) t 15-6%/0‘/5?3‘“2%”&
v

olve on calc

L
¢ = 0. 097
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Problem 5 TFoEa2O o S0

9.55 Beverage in cans 150 mm long and 60 mm in diame-
ter is initially at 27°C and is to be cooled by place- I1COmm. T - e Vs
ment in a refrigerator compartment at 4°C. In the w4 = 277N
interest of maximizing the coolmg rate, should
the cans be laid horizontally or verucally in the com-

7 \ e

partment? As a first approximation, neglect heat K54 @ Z%8.5 =g
transfer from the ends. = | Y, 8665 x/O

k= 25,32 vlo™

[2¢ = 42/5(75»"”’)42 X =20 952 1076
Pr= . Z O

V&
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C’ i ’\"d‘lf( [ :(/‘f»-/irf
Voo = (121)( Asasl(23)(.06°) 0., =[19)(Vos5.5)[23)(.152)
(4 8sil07)(20182510) (115e5rl07¢)(20. 98251078/
T SAL 105 : = 8.4 6%/06
tedle 2. ( el F
Fo = oy whate € =0 4s =059 "= 3182 =k
o . 1Yy " - e 2
=.9¢ ke, 1 n=0.29% p
= 13,02 =LP (31.82)2588%10= = [ = 5,38 =
& ¥

13,02 (25,38x107) =S.57| W
00 w?l

q* W AT Te) = SiSIfr 06 15)(23) ) g = W A(Te To) =< 38 (1.06.,1<)(2 3)
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Problem 6 =
10.4 Estumate the heat transfer coefficient, A. associated with 7 A
Points A, B, C, D, und E in Figure 10.4. Which point 1s | ~_ Oo_ﬂ” | ¢ .
associated with the largest value of hA? Which point cor- | . VT
responds to the smallest value of 4? Determine the | 3
thickness of the vapor blanket at the Leidenfrost point, | 7 5 B
neglecting radiation heat transfer through the blankel. :‘\‘ Lqmiv D
Assume the solid 1s a flat surface. i = T
\supdkff [O"\’ £ ‘ZGL L !o\ ) x o ’ poxa
G 3 f ‘50 30 W20 ouli e 3
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) L 2 <
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| 20 !N__/ ol 3 T
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LA\ ooy /.I%Uv“\—x"' o e = L ¥ //‘-~, . '//'\"_V__/_\\_,/\M— il e
@ LeideaF T2 g0t Ve sile = To-Toer =T
ceakrost, g = Sy Bpor @  ple = Js=[sar =T¢- 100
4 T—;”fsoi( 1ZO+100 Te=220% = 4734
- p -
) fe= (2010 z=00304" Ts=443 2o . yzz
o/ e =
qfov\c—’ :3yl04:~k£’j Tsar =373 ?L"
dy Te
dr=8= -k dT - (.0304)+120) = +l2ies /0 s
310" 3 (01
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estimate the surface temperature by applying an
appropriate boiling correlation,

/V
p (qu/?(/o"
tot(zs'oo=25’/y'05—(

dMe=9.0%= T
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Problem 7 ; " . oY1~
. : Warer @ 1000 4 . 1,094,10
10.13 A nickel-coated heater clement with a thickness of 9= 1.044 ’ -3 e SR N2 - 6_
ISmm and a thermal conductivity of 50 W/m-K is o Eg &= Pr :
\ 5 . sy Lr: 630 xlo
exposed to saturated water at atmospheric pressure. A
thermocouple is attached to the back surface, which is Co=y. 2(7 xlo? = 5982 wlp!
wc'::limulatcd‘ Mcas'lurcmc:lls ata pa:icular operating P l.?6 ! Uz 224 ! oé
condition yield an electrical power dissipation in the < vlO” /03
heater clement of 6.950 ¥ 107 W/m' and & tempera- £ #570[ L\J‘c 2 2;57: (oS
ture of 7, = 266.4°C. ) ot i B
T( 'dé@((f’i[,_f_")’s
f Zl(‘wa_fc( s
EL:OJC Ts: 2064 ~(6.95x107] /OlS'
s f——‘\_\_\_’
z(so9) =
— Nickei coeted
surface, Jg 7—5 : ”O OZC—OL
Current e l‘cfah:v element, )
’ ; & '.g mm Cf o L = (Gh?gﬁ’( i )/'O(S') ) {/OL{ ZF-C‘O
Insulation Loy, 2e6.4c W s
LT
(a) From the forcgoing data, calculate the surface tem-
perature, 7, and the heat flux at the exposed surface. | —» o o |3
(b) Using the surface heat flux determined 1n part (a), e “"E‘L”;” =

O,:’"rg“z/ s
"—‘ i / woter ~nicke| — Cs‘r 006 ¢ pe = '/ 110%: 107
- /
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