Exam solution

Problem 1:

[image: image1.png]KNOWN: Arrangement of fins between parallel plates. Temperawre and convecton
coefficient of air flow in finned passages. Maximum allowable plate temperatures.

FIND: (a) Expressions relating fin heat ransfer rates to end temperatures, (b) Maximum power
dissipation for each plate.

SCHEMATIC:

)

Plate dimensions: -

D=100mm x W=200 mm L=12mm 9,,:0 i

X t=lmm; N{-‘=50 91",[.—* +z
_®

L7.= 350K

—D T SOOK
M——D h= 150W/mz K

ASSUMPTIONS: (1) Steady-state conditions, (2)One-dimensional conduction in fins, (3)
Constant properdes, (4) Negligible radiation, (5) All of the heat is dissipated to the air. (&)
Uniform h, (7) Negligible variation in T.., (8) Negligible contact resistance.

PROPERTIES: Table A.1, Aluminum (pure), 375 K: k =240 W/m'K.

ANALYSIS: (a) The general solution for the temperature distribution in fin is
8(x) = T(x) ~ T. = Cie™ + Cpe™
Boundary conditions: 6(0)=6, =T, -T.., 6@L)=6, =T - T... 5

Hence 6,=C;+ G, 8 = Cre™ + Cre™™ or
eL =ClemL —+~ (60 —C1>e-mL
c B -Be™ B -6, Be™ -,
P eml ol €228~ el _emL | gnl ol
Hence
eLemx _ eoem(x-l_) + e em(L—x) _ eLe—mx
Bix) = oml _ oml
-
e( ) 90 [em(L—x) _ e—m(L—x)] + eL(emx _ e-mX)
X)=
emL — e—mL >
8,sinh m(L-x) + B sinh mx w2
B(x) = - .
sinh mL

The fin heat transfer rate is then

f.m
coshm(L — x) + L cosh mx] .

g = kA, 9L = kpr| -
¢ sinhmL ) sinhmL

dx
Hence

( GLm ‘
= kDt ,
anhmlL

sinhmL
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b, _{ P ) _ ( 50 W/m?-K(2x0.1 m ~ 2x0.001 m) ) 355 m
W) T 240 W/m-Kx0.1 mx0.001 m ‘

mL = 35.5m™x0.012m =043

sinhmL = 0.439 tanh mL = 0.401 8,=100K 6, =50K

100Kx35.5m™  SOKx355m™ )

. =2 . -
Gr o = 240 W/m-Kx0.1 mx0.001 m( 5401 0,430

Qo= 1154 W {from the top plate)

a

, 100Kx35.5m™  30Kx35.5m™ )
. . -
grp = 240 W/m-Kx0.1 mx0.001 m( 5439 0401

q-p =878 W. (into the bottom plate)
Maximum power dissipations are therefore
Jomax = NeQeo — (W - N:)Dh8,
= 50x115.4 W = (0.200 - 50x0.001)mx0.1 mx130 W/m*-Kx100 K

QO,max

Gormay = STT0W = 225 W = 5995 W <

Qt . max = —NYQf,L - (,Wy - th)Dheo

QU mex = —50x87.8 ~ (0.200 — 50x0.001)mx0.1 mx150 W/m=-Kx50 K

Qe = 3390 W = 1122 —1278 W <

COMMENTS: (1) Jtis of interest to determine the air velocity needed to prevent excessive
heating of the air as it passes between the plates. If the air temperature change is restricted to
AT, =3 K, its flowrate must be

Qeat 1717 W

= - = 0,34 kgis.
Mo = CRT. 1007 JkgK3 K 0 o0

lts mean velocity is then

mau 0.34 kg/‘S A
= = 3 - - = 16) m/s.
DuA: 116 kym x0.012 m(0.2 - 50x0.001)m

ar

Such a velocity would be impossible to maintain. To reduce it to a reasonable value. e.g. 10
my/s. A, would have 1o be increased substantially by increasing W (and hence the space between
fins) and by increasing L. The present configuration is impractical from the standpoint that
1717 W could not be transferred 1o air in such a small volume.

‘21 A negative value of g .,, implies that no power may be dissipated at the bottom plate and
that. in fact. a heat sink must be added to maintain the plate at 350 K.




Problem 2:

[image: image3.png]KNOWN: Composite wall with outer surfaces exposed to convection process.

FIND: (a) Volumetric heat generation and thermal conductivity for material B required for special
conditions, (b) Plot of temperature distribution, (¢) T: and T5, as well as temperature distributions
corresponding to loss of coolant condition where h = O on surface A

SCHEMATIC:

o T2 =211°C
=261°C — L.=30mm

/ e Lg =30 mm
T h Aas L1 T=250C Le=20mm
: " h=1000W/im2-K  ki=25W/mK

ﬁ ke=350W/mK

ASSL\IPTIONS ) Stead) state, one- dxmensxona heat transfer, {2) Negligible contact resistance at
interfaces, (3) Uniform generation in B; zero in A and C.

ANALYSIS: (a) From an energy balance on wall B.
E,-Eun-E, =E,

mn out

—qr -8+ 24Ly =0

=(qy+qy)/2L,.

To determine the heat fluxes. q and g%, construct thermal circuits for A and C:

Tw=25°C Ty =261°C To=211°C T.=25°C
— el NAVAVAVAY a a VAVAVAVAV an®)
" - » q1 qz " " =
Roony =1 Rz =Ly /g Ri=Lo/ke Rsomy = 1
q/=(T, = T.)/(lh=L, k,) a3 =(Ty - T.)/{Lc ke = Uh)
/ I
q('=<:61-:5;)°c/( L, 0080m oy gsyc/] 2020m :
\1000W m* K~ 25W/m K | /\5ow m K 1000W m" K
q;"=236°C/HO 01700010 ym* - K/W Q5 =186~C/6-0004 +0.001)m” - K/ W

q/=107.273W/m )

o 7oz
, 5 g7 =132.857W/m"
—_ w‘“’_ﬂ/ L__“_______—-—/

N

Using the values for q} and q in Eq. (1), find

//\
t

45 =(106,818+132143W/m?| /2 x 0.030m ££.00x 10° W/m’ .

. <
—
To determine ks. use the general form of the temperature and heat flux distributions in wall B.
. oo .
T(,x):——qix:*C;x‘C: q’x'(x):—kgi——q——x+c; | 1.2
2k, L kg ]

there are 3 unknowns. C,, C, and kg, which can be evaluated using three conditions.

Continued...
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qx(_]—s) =-q/= ‘ksi -
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(-Lg)+C, ‘

where T. = 261°C (

where T- =211°C (&

where g} = 107.273 W/m"

Using IHT to solve Eqgs. (3), (4) and (3) simultaneously with q; = 4.00 x 10° W/m'. find

ks =153W/m K

<

{b) Following the method of analysis in the [HT Example 3.6, User-Defined Functions. the temperaturs
distribution is shown in the plot below. The important features are (1) Distribution is quadratic in B. but
non-symmetrical; linear in A and C; (2) Because thermal conducuvities of the materals are different.
discontinuities exist at each interface; (3) By comparison of gradients at x = -Lg and +Lg. find g¥ > q".

«c) Using the same method of analysis as for Part (¢), the temperature distribution 1s shown in the plot
below when h = 0 on the surface of A. Since the left boundary is adiabatic. material A will be isothermal

at T,. Find
T, =835°C T, =360°C
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