<Solution for Problem
(a)

Air at 350K =v,,

1>

= 2092 x 10° m?/s, Pr, = 0.7, k,, = 30 x 107 W/m-K

V-D 4 m/is x 004 m

Re, = = ——— = 7646.49
Vv 2092 x 10 m~/s
4
[ 575
S 62 Re2 Pr? R 8
Nu, = 03 + Q02 Rep Prt 1+(LJ
2T 28,2000
[1 + (04 / Pr)3}
- S 10° W/im-K
o= & Nu, = 30 x m
D 0.04 m

ar

= 46.04

(46.04) = 3453 W/m’-K

.. h =

3453 W/m*—K

h-L.  h-R (3453 W/m’—K)-(0.02 m)

Bi = e =
k k

8 8

138 W/m—-K

= 05

For Bi = 0.5, ¢, = 09408 and C, = 1.1143 (cylinder)

ot (08 x 10° m’/s)-(120 s)

(0.02 m)’

=024 > 02

~T
g, = === = Cl.exp(—¢-Fo) = 1.1143-exp (- 0.9408°-0.24) = 0.901046

T,-T.

T

r=0,t=120s

= T.+ 6,-(1,-T.)

= 300 K + 90.1 K =

X T;’z(),t=120s

390.1 K

390.1 K
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(©)

T K]

400

Ea———

300

120

No Assumptions -1

t [sec]

TC1(r=0) exponential
TC2 (r=R/2) exponential
TC3(r=R) exponential
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<Solution for Problem 2>

(a)
qelectric = qconv + qevap
QConv = hA(T; - Too)
qevap = mhfg = n;l\[pA,sat(];) - pA,oo(Too):I'A'hfg
where 1 = n,-A = hm-A-[pA’w,(Ts) - pAm(Tm)]
Overall,
m(TS — Too) 2/3 .
tric L + I’I’lh
T T ) = pan () P "
. Qelectric = qconv + qevap or qelectric = m(’l—; — Tw) pcp L€2/3 + m hfg
pA,sat(T;) - pA,oo( ) ‘
(b)
i _ h-A _ 2/3
hm - hﬂl‘A pche
h-A = hm-A.pcheZ/S = il 'pCpL€2/3
pA,sat(Y;) pA,oo(Too)
where Le =

AB

m

h-A

pA,sat (T:v) o pA,oo (Too

)-pche

2/3
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(c)

T,+ T, (310 + 290) K

T, = —* = 300 K
film 2 2
At 300 K,

P, = 1.1614kg/m’, c

p.air

At T. = 310 K,

K

1 1

pA,A =

v 2293 m’/kg

g.air

Also, p,.. = 0 (dry air)

(T, - T.)

s

pA,sut(TJ) - pA,m(Tw

- (T,

2/3

qelerm’r = - hfg =

) : pair Cp Lair Le

- (310—290)K

. _— . 3 . —_—
e = 0 043611 ke/m (1.1614kg/m’)-(1,007J /kg K)(

= m = 0.001034 kg/s

3 3
= —————— = 0043611 kg/m’, h,, = 2,414 x 10° J/kg

m(-1) [«
Pral) P Crer

225x107° m?/s

26%x10™° m?*/s

- m = 0001034 kg/s

No Assumptions -1

= 1,007 J/kg-K, o, =225 % 10° m’/s, D,, = 26 x 10° m’/s

2/3
D) +}"n'hfg

AB

2/3
j +11-(2,414x10° J/kg)=3,000 W
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<Solution for Problem 3>

At Ty, = 1625°C, v,, = 30.67x10° m*/s, Pr,, = 0687, k,, = 00363 W /m-K

Re, = U=F _ 3(527’:/1 2_'6(1 ’?3 = 9781155 x 10° > Re.,. = 5x 10° = mixed boundary layer
B m- /s
+3

5 .
- Re, = 9781155 X 10° = mixed boundary layer
(b)
Nu, = (0.037-Re,* "~ 871)-Pr'"* = [0.037-(9.78155x10°)" ~871]-(0.687)"* = 125531

ELC T 2

Nu, = == = 125531 = h, = 455678 W/m’~K

air

~h, = 455678 W/m’-K

(c)
h,-L D
Bi = —— where L, =1=*
k, A, 4
0.1
(45.5678 W/mz—K')-(4mj
Bi = = 0011392 < 0.1 = Lump capacitance analysis is valid.
100 W/m—-K

+3

~Bi = 0011392= Lump cap;citance analysis is valid.
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(d)

+4 o _ T-T _ (30-25C _ 0.018182 = exp (-Bi- Fo)
— 6 T.-T (300 - 25)°C
: k 100 W /m—k
where Fo = % and o = —%— = om = 40985 x 107 m*/s
L, pc,, (2702 kg/m’)-(903 J/kg—K)
4.0985 x 107 m?/s)-t,.
+2 20 018182 = exp —(0.011392).( ) tare

— e, (0.1 m)z
4

+4 Solve for ty. = ty.. = 5,364.28 seconds

Sobyee = 95,364.28 seconds = 149 hrs.

©)
Rex=10em < Rex ariticat = The turbulent transition is tripped earlier than without the ring case

without ring showing this +5 . laminar flow, h ~ x2, while

for turbulent flow h ~ x™°.

h(x)
- Hence h varies more slowly for

turbulent flow, and also has larger
magnitude at given location, X.
- Thus, by having a larger portion of

the surface as turbulent (e.g. by

! ialposttion. : tripping the boundary layer at Rey
withring )I(dentliv the position +2 <Rey,), h, will be larger.

h(x)

Correct_answer (greater heat transfer) +1

0 axial position, x L
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