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Conduction and Radiation Heat Transfer

Solutionto AssignmentNo: 6
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Spring2000
Instructor:J.Murthy

1. Problem3-9,SiegelandHowell.

(a) Total hemisphericalemissivepowerof surface:

E � � 1

0
0 � 2Ebλ dλ � � 4

1
0 � 45Ebλ dλ � � 5

4
0 � 7Ebλ dλ � � 7

5
0 � 8Ebλ dλ � � 10

7
0 � 55Ebλ dλ � � ∞

10
0 � 2Ebλ dλ� n2σT 4

nbands

∑
i � 1

ελ � i � f � nλ2iT �
	 f � nλ1iT ���� 9800W  m2

Here,ελ � i is thespectralemissivity in the bandi andλ1i andλ2i representthe wavelengthlimits for eachband.
Theblackbodyfractionsareobtainedfor thetablesgivenin class.

(b) Total intensityat 45� from surfacenormal?
Sincethesurfaceis diffuse,

I � E  π � 3120 W  m2

(c) Total energy emittedin 4 � λ � 7 µm:

Eλ2 � λ1

� � 5

4
0 � 7Ebλ dλ � � 7

5
0 � 8Ebλ dλ� 5316 W  m2 � 54� 25%of total

Amountof energy emittedby agraybodywith ε � 0 � 35 in thesamewavelengthrange?

E � εn2σT 4 � 6279W  m2

Eλ2 � λ1

� ε � f � nλ2T �
	 f � nλ1T ��� n2σT 4� 2451W  m2 � 39� 05% of E

2. Problem3-15,SiegelandHowell.

(a) Hemisphericalemissivity ελ :

ελ
� 1

π

� 2π

0

� π � 2
0

ε �λ cosθ sinθdθdφ� 1
π

2π � � π � 6
0

0 � 81
2

sin2θdθ � � π � 2
π � 6 0 � 51

2
sin2θdθ �� 0 � 575
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(b) Sincesurfaceis gray

ελ
� ε � α independentof incomingλ

Thus,a fractionn0.575of incomingradiationwill beabsorbed.

(c) Heatflux emittedby surface:

E � εn2σT 4 � 2983 W  m2

Sincethesurfaceis surroundedby acoldmediumat0K, thereis no incomingenergy. Thereforthetotalheatflux
to besuppliedis 2983W/m2.

3. Problem6-2,SiegelandHowell.
Fromview-factorcatalogue,page783,#10,view factorfrom differentialelementto planarrectanglewith with elemen-
t’snormalpassingthroughrectanglecorner(Figure1):

Fd1 � 2
� 1

2π � A� � 1 � A2 � tan � 1 B� � 1 � A2 � � B� � 1 � B2 � tan � 1 A� � 1 � B2 ���
For our case,

Fd1 � 2
� 4

∑
i

FdA1 � A2i

� 4FdA1 � A21� 2
π � X� � 1 � X2 � tan � 1 Y� � 1 � X2 � � Y� � 1 � Y2 � tan � 1 X� � 1 � Y2 ���

whereX � W
2H andY � L

2H .
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Figure1: View FactorAlgebrafor Problem3

4. Problem6-18,SiegelandHowell.

Frompages174-176of Modest,F1� 2 � 7� 8, F1 � 7 andF2 � 8 canbefoundfrom knowing theview factorbetweenperpen-
dicularrectangularplateswith acommonedge.Further, Modestshows that

A1F1 � 8
� A2F2 � 7

Therefore

A1� 2F� 1� 2� � � 7� 8� � A1F1 � 7 � A1F1 � 8 � A2F2 � 7 � A2F2 � 8� A1F1 � 7 � 2A1F1 � 8 � A2F2 � 8

F1 � 8
� 1

2A1 � A1� 2F� 1� 2� � � 7� 8� 	 A1F1 � 7 	 A2F2 � 8  
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Figure2: View FactorAlgebrafor Problem4

5. Problem7-13,SiegelandHowell.
Createfictitiousblacksurface3 atenvironmenttemperature,asshown in Figure3. Surfaces1, 2, and3 areblack,asis
theenvironment.Theoutersurface4 hasε � 0 � 4. Thedifferentview factorsarecomputedas:

F1 � 3
� 0 � 17 from view factorcatalogue

F1 � 2
� 1 	 F1 � 3

� 0 � 83

F3 � 1
� A3

A1
F1 � 3; F3 � 2

� 1 	 F3 � 1
� 0 � 7

F4e
� 1

Fromheatbalanceatnode2:

Eb2 	 Eb3
1

A3F3 ! 2

� Eb2 	 Eb1
1

A1F1 ! 2

� Ebe 	 Eb2
1

A4F4 ! e
� 1 � ε4

A4ε4

We aregivenT1
� 900K, T3

� 500K, andTe
� 500K. SoEb2 canbe found to be15,118W  m2. ThusT2

� 718� 6K.
Theheattransferfrom surface1 is:

Q � Eb1 	 Eb3
1

A1F1 ! 3

� Eb1 	 Eb2
1

A1F1 ! 2

� 120� 1 W

6. Problem7-25,SiegelandHowell.
Heatbalanceat eachnodeyields:

Q1
� J1 	 J2

1
A1F1 ! 2

� J1 	 J3
1

A1F1 ! 3

0 � J2 	 J1
1

A1F1 ! 2

� J2 	 J3
1

A3F3 ! 2

Eb3 	 J3
1 � ε3
A3ε3

� J3 	 J1
1

A1F1 ! 3

� J3 	 J2
1

A3F3 ! 2

Fromthehandoutgivenin class,disk-to-diskview factorscanbecomputed.We get

F1 � 3
� 0 � 2; F1 � 2

� 1 	 F1 � 3
� 0 � 8

F3 � 2
� 1 	 F3 � 1

� 1 	 A1

A3
F1 � 3

� 0 � 55
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Figure3: Surfacesfor Problem5

We solve for J1, J2, andJ3. ThetemperatureT1 is foundfrom

Q1
� Eb1 	 J1

1 � ε1
A1ε1

Solvingfor Eb1 andbackingout thetemperaturegivesT1
� 907K �
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Figure4: Surfacesfor Problem6
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