ME 24-731
Conduction and Radiation Heat Transfer

Solutionto AssignmeniNo: 6
DueDate: April 18,2000
Spring2000

Instructor:J. Murthy

1. Problem3-9, SiegelandHowell.

(a) Total hemisphericaémissve power of surface:
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= 9800W/n?

Here,g, ; is the spectralemissvity in the bandi andA,; andA,; representhe wavelengthlimits for eachband.
Theblackbodyfractionsareobtainedfor thetablesgivenin class.

(b) Totalintensityat45° from surfacenormal?
Sincethe surfaceis diffuse,

| =E/m= 3120 W/n?

(c) Totalenegy emittedin4< A <7 um:
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5316 W/n? = 54.25%o0f total

Amountof enegy emittedby a graybodywith € = 0.35in thesamewavelengthrange?

E en?oT* = 6279W/n?
Ey oy, = &(f(M,T)—f(AT))n*oT?
2451W/n? = 39.05% of E

2. Problem3-15, SiegelandHowell.
(a) Hemisphericabmissvity ¢, :
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(b) Sincesurfaceis gray
€, = &€ = a independenof incomingA
Thus,afractionn0.5750f incomingradiationwill beabsorbed.
(c) Heatflux emittedby surface:
E = enoT*=2983W/n?

Sincethesurfaceis surroundedy a cold mediumat OK, thereis noincomingenegy. Thereforthetotal heatflux
to besuppliedis 2983W/m2.

. Problem6-2,SiggelandHowell.
Fromview-factorcataloguepage783,#10,view factorfrom differentialelemento planarrectanglewith with elemen-
t'snormalpassinghroughrectanglecorner(Figure1):
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For our case,
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whereX = 75 andY = 5.

Figurel: View FactorAlgebrafor Problem3
. Problem6-18,SigelandHowell.

Frompagesl 74-176of Modest,F,, ,_;_ g, F;_; andF,_g canbefoundfrom knowing theview factorbetweerperpen-
dicularrectangulaplateswith acommonedge.Further Modestshows that

AlF_g=AF,_

Therefore
ArroF112)-(719) AR 7t AR g+ AR 7+ AR, g
= AR _7+2A)F g+ AR, g
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Figure?2: View FactorAlgebrafor Problem4

. Problem7-13,SigelandHowell.
Createfictitious black surface3 at ervironmenttemperatureasshavn in Figure3. Surfacesl, 2, and3 areblack, asis
theervironment.Theoutersurface4 hase = 0.4. Thedifferentview factorsarecomputedas:

F,_3 = 0.17 from view factorcatalogue
F,., = 1-F_3;=083
AT
F3 1 = A_1F1—3’ F3 p=1-F ;=07
Fre = 1

Fromheatbalanceatnode?2:

Eb2 — Eb3 + Eb2 — Ebl _ Ebe — Eb2
1 1 - 1 1-¢,
A3':372 A1':172 AR, o AL,

We aregivenT; = 900K, T, = 500K, andTe = 500K. SoE,, canbefoundto be 15,118W/n?. ThusT, = 7186K.
Theheattransferfrom surfacel is:
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Q=—7 2 =1201 W
A1F1—3 A1':1—2
. Problem7-25,SigelandHowell.
Heatbalanceat eachnodeyields:
J -3 J-J
Ql — 1 . 2 + 1 n 3
A1':1—2 A1F1—3
=3 -
0 = -+
AlFl 2 A3F3—2
Eps—J3 _ - 4 B—J
1, 1 1
Ajey AFi s AR
Fromthehandoutgivenin class disk-to-diskview factorscanbe computed We get
F,..s = 02, F_,=1-F_;=08
A
F,p = 1-F, ,=1--1F ,=055
A
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Figure3: Surfacesfor Problem5

We solvefor J;, J,, andJ,. Thetemperaturd; is foundfrom
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Solvingfor E,; andbackingoutthetemperaturgivesT, = 907K.

Figure4: Surfacesfor Problem6



