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Considering energy balance for the control volume, we have:
E,~ B+ B0, =E, = E,=q,+4, +q,

[ le{ o mnjzg(TmHn_TP)

q, :k(@m){%} k(77 -17,)

: T ar  [3,. A
E =mC —=pVC — Ax) |C | 2—22
! var P ar p{S( )} p{ At
Substituting in the energy balance, we have:
k(o.p P P P hAx [ p 13 2 TP+1 TP
2(Tm+ln_Tm, )+k(Tmnl_Tm,n) \/E(T Tmn)_p g(AX) CP T

Multiplying throughout by 2/k, we get:

P P P P hAx P 3 Cp Ax P+l P
(12, =10 ) <21, =12, ) 2= (1 - )_Zpk (At) (7752 )
Bz’:hAx,a: £ ,and Fo= aAfz

e )
(Tmil o Tm}: )+ 2(Tmpn 1 Tmf,)n )+ \/EBI (Tmp _Tmlt:n ) = %(Tni;l _Tf’iﬁ)

Re-arrangement of the equation gives:

T = ;‘F T* 43 por” +¥BiF0TP (l—iBlFo 4F0}Tnfm
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Problem 2

(a)

(b)

%— Eout + Egen = % [energy balance around sphere, no Ein, steady state]

“Qeonw + qgen =0

Newton's law of cooling: qu, = hA,(T,—T,) > —hA (T, —T,)+qy, =0

q gen

Rearrange energy balance to find T, = o™

£

hD — 2k 2(06W/(m K W
Ny, =—2=2>h=—"H%= ( ( ))=6O i
»k D 0.02m m'K

W 0

W
T,=os g, = +10°C

 obA, (60%}(75(0.02@2)

= W +10°C =13.2K +10°C

(60 W J(1.26x10"3m2)

m’K

T, = 23.2°C

Yes, the outer surface temperature of the coating a good indicator of the hottest temperature in the
spherical pellet.

explanation. Several options including:

(60 W j[0.0ij
h h(D/6 2
1. Calculate Bi= b, = ( ): iy 6 =0.0133 << 0.1 . This indicates that
kp kp 15i
mK

lumped capacitance would apply which means that the temperature gradients inside the object are

negligible.

2. Explain that Conduction Resistances << Convection Resistances and that g*R = AT, so internal

temperature gradients are negligible.

Rcmnd:iz ﬂ/6 = L =O].77£
kA kap/ 6knD W
R LYY
hA %

3. Calculate temperature at the center of the sphere.
Resistance of non-heated spherical shell

R - L1 1y 1 L L gt
o Ank|r 4n( WJ 0.0025m 00Ilm| W

l&——
m K
T at interface between heated and non-heated region
T-T.=q¢R,,—»T-T=1W 1.5%:1.51{

T at center of sphere

T =< =q—ri2 1—z = Kq Pl{ = 1 = =
mK /'

=1.06K

Thus, the center of the sphere is 2.56°C hotter than the surface of the sphere at steady

state, which is a small temperature rise compared to (Ts - T«) = 13.2°C



(c) Verify/Assume lumped capacitance applies.

(60 W ][o.ozm]
h h(D/6
Bi=hL°=( )_m'K 6 /. 0.0133<<0.1

kp kp 15i

mK

[Bi may have been calculated in part (b) and students must list assumption or reference
somehow that lumped capacitance is valid]

% = Eout + Egen = E [energy balance about sphere]

_qconv +qgen = Me d_T

" dt
—hA,(T-T,)+q, =pc v‘ll—f

L (AT gL

dT _ —hA

dt pe,V “7 pVe,
dT]| ( ](’{W) . . 1W
0 7 (20°C-10°C)+ — 77 .
T=20°C & M-
[23 x10 mgK]{ z (0.02m) } (2.3}{10 mBK](6(0'02m)]
d—T:70.078—+ 0.1035:0.0255—
8 8 S

(d) Yes, the thickness of the coating can be reduced and the requirements can still be met.

Should recognize that the steady state temperature of the sphere from (a)
is less than the maximum allowed temperature. The surface area for convection is
reduced if the sphere diameter is reduced, but the system can tolerate a reduction
in surface area and meet the requirements.

Calculate sphere diameter including that h is a function of diameter:
—HAS(TS —-T,)+q,, =0 [From (a) or from an energy balance on the sphere]

Nu, = 1D° —25f=2s

qgen
° 2k,n(T,-T,)

-2k, D (T,-T,)+q,,=0>D,=

D, = W 1 =0.013m =1.3cm
2[ Jﬂ:(30°C—10°C)
mK

or if the changes in h with diameter are neglected
—HAS(TS —Tw)+qgen =0 [From (a) or from an energy balance on the sphere]

— q
—haD*(T.-T 0>D, = [—F——
n 0( s w)+qgen h (T T)
’ LY =0.016m =1.6cm

D, =
\1(60 \YKJR(BO"C— 10°C)




Problem 3

(b) For diffuse surface, e=a

[0.5% F(2umx300K) +0.2x (1= F (2 umx300K)] E,
OtToI‘af =
E

5,300K

Or state the background irradiation spectrum is mainly in the region of longer than 2um
where the total absorptivity is only affected by the spectrum absorptivity at >2um range.
Therefore, we can know aruw=0.2 without calculations.

300K - 0 2

©) E=[0.5%x FQumx3000K)+0.2x (1- F (2 umx3000K)] £,

K
Eppry =—=0.42
E,
(d)  Control volume and energy balance. G _
B RA&hs E Eb A s
Alternatively, one can state G<<E from Tg >> Tgy, and 1gnore irradiation. \/ /

e L _ 4 4
Eg - gTotalEbAs - aGAs - gTotalaT:v - aUTwr

E, =72[W]

(&) Power fraction in the visible range 0.4 — 0.7 pm for a blackbody
F,(0.4—0.7 um) = F(0.7 1tm x 3000K ) — F (0.4 1zm x 3000K )

=0.0838-0.0021=0.0817

For the real filament:

E. . =05xF(0.4-0.7um)xE,
77 — Evisible — Evisz'ble — 97%
7 EroumLls



Problem 4

Eart (o) There are two possible radiation networks for this 3-surface enclosure.

Network 1: Network 2:

Epp Base Plate
EbB Base Plate

Heater

E, @

Heater

E,.®

Part (b)

Find the two of the needed view factors:

Few=0.5 = Fpu=1- Fpw-Fpp= 1-0.5-0=0.5
Faw=(Au/An)Fu>w=1/2%0.5=025 or Fwn=Fwsn=Fn->w (An/Aw)=0.333

Find gcand Tw:

Method 1: Using effective 1D network

Calculate total resistance:
ey, [ L ]||[ L 1 HH‘EB =246 [m™]
ApFip ApFw  AwFug AN

total —
ey

R




Find the two blackbody potentials:

E, =cT; = 56,700
E,, =cT: =1,450

The g¢ can be calculated as:

4=y =B 222,500 [W]

total
Using ge, we can find Jg and Jy using potential drop:

T, = 53,900
T, = 23,900

Using Jg and Jg and resistances, we can find Jw and Tw:

T, = 38,900

J 1/4
TW=(—WJ =910 [K]
O

Method 2: Using energy balance at each J nodes

Write one equation at each of the 3 J nodes with 5 currents using 5 nodal potentials:

~Qyg t Qup + 9uw =0 B e B e
Qaw + 9w =0 qy =-- qg = -
—Qg — Oy T 9pw =0 Py s Ui Sios e ™= 1

Reduce these equations and solve for all J nodes:

T, = 53,900
T, = 23,900
T, = 38,900

From J nodal values, we can find qu and Tw:

q. =qy = 22,500 [W]



Part (¢)

Draw a portion of radiation network around surface S:

5L e (AsFy) " >

(g S,ra .
B s z
(Astw ) % s ™ Js «—~ Ey N
J\V

Ju
Find the view factors: Fsg=0; Fsw=0.2; Fsp=0.8
Find Js using nodal energy balance:
E,, =0T, =37,200
Sy =y + Sy —Js + Ly —Js

I 1 1-&,
AS F:? W AS F:S‘H gS AS

=0 > J, =44,050

' Find gs or qs rad:
E? B J n " W
Gs = b5 =—] 5 = ~0.850x 4 W] D> ¢{=g,,~-6.850 [—]
s m
&5 s
From the surface energy balance of the hot plate’s top surface: Watietisn
Control Surface ﬁ
qi,ext = qz‘,cona’ + qi,raa’ + qz’,conv 9 0 = qS,cond + qS,rad r _______ — _:
I, -1, 900—-400 w @
—q" = r = k = L = k = 10, OOO X k e Conduction
qs aa = Ds.cona = Ks J 57005 s [mz ]

Find ks

kg ~0.7 [KK] (Only one significant digit is OK at this step)
m
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