ME 315
Midterm Exam 1
6:30 - 7:30 PM
Thursday, February 10, 2011

e This is a closed-book, closed-notes exammation. There is a formula sheet
provided at the end of this exam.

e You must turn off all communications devices before starting this exam, and
leave them off for the entire exam.

o Please write legibly and show all work for receiving partial credit. Please show
your final answers in the boxes provided.

¢ State all assumptions.

o Please arrange all your sheets in the correct order. Make sure they are all

included.

Name:

Last

Div. 1 (9:30 am)
Prof. Choi

First

CIRCLE YOUR DIVISION

Div. 2 (12:30 pm)
Mr. Bao

Problem

Score

1
(25 Points)

2
(40 Points)

3
(35 Points)

Total
(100 Points)




SLW/M 8T =Yy

janceions

1]} I ITe 3]} 0} SUJLOD ST} WO JUSIDIIFE0D ISJSUET) JBaT] SATJISATOD A i surtuwale( (q)

M V00 EIT =D

"apisind v ayj 0] Suypod ayy uiodf ‘b ‘oyel I9JSURI) JeaY] S} dUTULIRR(T (&)
7 >
—— J.%J\iilﬂw\r A

Bunedd

# Y

o=t | | 1)

apISINO oy = i wooy

Do OF =2 2myeraduray
© SB[ 3U1JeOD 51} Jety} punoj st J1 ‘oje)s Aped)s 1y "3 W/ 0T =Y JUSIOIJI00 UOTIOIATOD pue
Do 01 =77 Jo a1meradurs) & ser (JUSIqUIE) SPISINO ST} PUE ), §T == st aryeradurs) are spisur

3] "ISJSURI) JBAY SAIIDIAUOD 0] pardalqns st sse[3 o) JO SpIs oy "PRIdd[3au aq Ued ‘Jureod

91} JO UOISSIWD pUE WIOOI T[] WO UOIRIPe] 31} Sk (NS Jo9]J9 UoleIpel 1o Auy Suneod

a1 Aq paqlosqe AJuo st A319us Ie[os Jery os ‘Juaredsuen Apoejred aq 0} paumsse oq AeUl IIe pue
SSE[3 oL " W/MY # [ = H XN[J UOLRIPEI Ig[0s 0} pa3oafqns st mopurm Y] [°0 = » jo Arandiosqe
Ue ST pUE J9AE[ JOLIS)UT 91} JO S0BLMS ISUUI 1) U0 pajyisodap ST 3uneod unp v "A[earoadsar
S/ $Z0°0 =2 PUR -U/M 1 =7y aIe e pue sse[3 Jo AIARONPUOD [BULISY ] "WONONPUOD

£q Aquo st des xe y3nony 19Jsuen JeSH "UI § = 77 ssaINY [ ded e ue st 1oke] ojerpaunrajur
o) STIM ‘T ¢ = 57 SSOUNON TPIM SB[ oTe JoAe[ I9)NO pue IoAR] JOLISJUI oY [ 2In31] a1y

UT UMOTS Sk ‘sIoAe] 9o.1Y) JO posodurod s1 W] = 4 [P Jo mopurm sse[3 arenbs vy (symod ¢7) °1



<Solution>

()

T.;=25°C T,,=40°C

«— — NA NN —— NN/ AN/
n_i m.no:SE ﬁ Inoaab _wno_._n.w Wno:nrw

aGA = (0.1)(1.4 kW/m?2){(im?) = 140 W

A=W =(1m)
! ! K
Nﬂqcam._ = £ = 0 OOM e ) = OOOwMQH —_—
kA (14 W/m-K)1m?) W
MN.“.EE 2= Na = OOOM z v 0.208333 —
2T kA (0024W /m~K)1m*)
! : K
mmn.g& 3= = 0005 m 5y — 0.003571 —
T kA (1AW /m-K)1m?) W
Nmndq:. o — H = qw 2. — 0.05 M
. hA QOW/m —K)1m") W
&NSH o manea&u + &Nn&& 2 + NNQSE_ 3 + MN@:FQE =0.265476 —

T,-T., (40-10)C
R K

oot 0.265476

g =113.004 W

=113.004 W

QQE -
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2. (40 points) A rectangular metallic slab with thickness 7, = 40 mm is mounted on an electric
insulating substrate with thickness 7, = 10 mm and thermal conductivity 4, = 10 W/m-K. The side
surfaces of the slab and the substrate are adiabatic such that you may assume 1-D conduction
heat transfer. Heat is generated in the metallic slab at a rate of ¢ = 6x10* W/m’. To dissipate the

heat, three very Jong rectangular fins with thermal conductivity &y = 200 W/m-K are attached to
the other side of the slab. The slab and substrate are square and has a wiadth # = 50 mm, as
indicated in the sketch. The fins have the same width # as the slab, and the thickness 1s /= 5
mm. Both the substrate and the fin array are subjected to convective heat transfer with a

coefficient /# = 20 W/m?K and air temperature 7,, = 20 °C.

X i o4 \\m\\\\\\
L .

X 0 X

(a) Sketch the temperature distnibution in the substrate, the metallic slab, and along the fin. 7
indicates the temperature at the fin base. Also mark the type(s) of curves you are sketching.

Substrate Slab Fin

N —

(b) If the steady state temperature at x = 0 m (i.e., the interface between the metallic slab and the
substrate) is 7p= 40 °C, determine the temperature 7; at the fin base.

T, = 2487 °C

(¢) Determine the thermal conductivity £, of the metallic stab.

ke, = 2.136 W/mK
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T, = 40°C
/ D::
™~ | —
3 Qsmum
n_mc -
b Q _
|
S N—
T..=20°C T.=40°C
< N A A e S VAA Y
Gsub mno=< Wno:a
1 1 1 K
.m.mnoﬁ.“[l” = 3 J”MOI
hA  RW™  (20W/m’-K)005m) W
f, t, 0.010m K
.xgaa. = = = 3= 04—
kA kA Q0W /m—K)(0.05 m) w
Lol BOZ200°C_og0300w

Q...,n@ B xmqa. + Nﬂndab. NO&. M
W

Qun =GV =4-W?-1, =(6x10* W /m*}0.0025 1n°)(0.040 m) = 6.0 W
Gen = Qs 3 At + Qe = 3 G0 + Do = Gyen ~ Gop =OOW —098 W =502 W
Qoo = (1, = T) A,

A,=A-3-A,, =W>-3.-W.1, =(00025m")- 3-(0.050 m)(©0.005 m) = 0.00175 m’
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1- D conduction, constant properties, and steady state = k, e +g=0 PP
e z

...u.@vnsmmiﬁﬁ X+C,

q

I(x=0)=C,=40°C

w (0.04) - 378.25

H.Qninaw.\wﬁocém +C,-(0.04) +40=2487°C = C, =

a

2

q
5 (004)~378.25 | x +40

- q
sl =—=
(x) 2k

2
X+
a

dx k 2k

a a

(004)—37825 ; §g=6x10"W/m’

O | =2-(0.04) - 37825 |(0.05 m} =— 098 W
3 Bﬂ "

=0 a /

Solve fork, = k,=2.136 W/m—K
or

AT

nm.a,

A==k, |-l 004+ %eb& — 37825 |(0.05m)’ =502 W

=t

z

Solve fork, = k,=2136 W/m-K

k =2136 W /m-K

BC's = 1(x=0)=40°C & T (x=1,)=2487°C
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(b)
7,=300K

T,= 360K

T, =400 K
T,=280K

G =500 W /m*
=1
k=10W/m-K
g=>5,000W /m’

h=50W/m =K

Using the given values with the equation from part (a), T, = 347.143 K

~ T =347.143K

13






