KNOWN: Thin hemispherical shell inside of a 1.5 m-cubical enclosure.
FIND: View factors F),, Fi; and Fs3.
'SCHEMATIC:

TAs inside area of enclosure

—Hemisphere, D =0.8 m

- Cubic enclosure, L=1.5m

o

ASSUMPTIONS: (1) Diffuse surfaces, (2) Wall of hemisphere is very thin.

ANALYSIS: Define the surface A;; as the plane circular area at the base of the hemisphere. The areas
are, ' §

9

A=A, =1D2/2=n(08m)2/2=1005m"

Ay =mD?/4=0503m

A, =6L* = 6(1.5m)* =13.500m*
All the radiﬁtion leaving A, passes through A, and intercepts Ai. Hence,

F,= Fxs; - o (D
and using reciprocity, -

F, =A.F, /A, =0503 m? x1.0/1.005 = 0.500 ' (2)

where, by inspection, F;, = 1. From the summation rule on A,
F+F,+F;=0

w
F, =1-F,-F,; =1-0-0.500 = 0.500 3 <

since Fj; = 0. By inspection,

E, =0 ' : ‘. <
Usiné reciprocity, where Fa3 =ei and then the summation rule on A; ; J

Fy, = A,F, /A, =0074 . ' 4

F, =A,F,;/A, =0.037 | (5)

F,, =1-F, —F,, =1-0037-0074=0889 . <

Continued...
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COMMENTS: An alternative solution begins with the summation rules for Ay, A Ay identifying those
view factors determined by inspection. For the first relation below, the enclosure is within the
hemisphere.

F,+F,+F; =1
Ey +Fyy + Fyy =1
F,, +F,, +Fy =1
By inspection, it follows that
Fy=F; E, =0 | <
Using the reciprocity rule for three different combinations; Areas A, and A ,.
ARy = AyFy
where Fy., =1, find F; = 0500 and hence
E, = 1-F, =0500 ' <
Areas A; and A;:
AsFy =AF,
where F; = F,, = 0.500, findF,, = 0.037. Areas A;and A;:
A By = AyF,
where F,; = |, find F,, =0074
From the summation rule for A;,

Fh=1-F, - F, =1-0037-0074=0889 4 <




PROBLEM 13.7

KNOWN: Two perpendicular rectangles not having a common edge.

_ FIND: (a) Shape factor, Fi3, and (b) Compute and plot F), as a function of Z, for 0.05 < Z, <04 m;
compare results with the view factor obtained from the two-dimensional relation for perpendicular plates
with a common edge, Table 13.1

SCHEMATIC:

Aa.
ANALYSIS: (a) Introducing the hypothetical surface A,, we can write
By =Fa+E, . : . (h

Using Fig. 13.6, applicable to perpendicular rectangles with a common edge, find
Y 03 _ 0 Z 02

T 0.5%02m?

F,=019: with Y=03, X=05 Z=Z,-Z,=02,and —=—=06, —=—=04
» wi b Y X 0
Fyay =025: with Y=03,X=05,Z, =04, 'and1=E=0.6. ALY
X 05 X 05
Hence from Eq. (1)
F, = Fy,) — Fpy =025-019=006
By reciprocity,
F,=A2p, = 23X03M , 406=009 | @<

A
(b) Using the IHT Tool - View Factors fox:%l:etpendicular Rectangles with a Common Edge and Eqs (1,2)

above, F;, was computed as a function of Z, . Also shown on the plot below is the view factor F3y2 for
the limiting case Zy = Z, . ’
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PROBLEM 13.17

KNOWN: Two black, parallel disks of 1m diameter separated by 0.25m at 60°C and 20°C are
situated in a large room at 40°C.

FIND: (a) Net radiation exchange between the disks, (b) Net radiation exchange between the
disks and the room. » i

SCHEMATIC:

ASSUMPTIONS: (1) Exterior of disks are well insulated, (b) All surfaces are black.

ANALYSIS: (a) The net heat exchange between disks 1 and 2 follows from Eq. 13.13:
Qiz =A; Fi2 6 [T{-T4] where A;=nD?%/4

T; '
and F;, follows from Fig. 13.5 with fl = —61—/22? =2, -i'T'= -91—,222 =0.5 giving Fy5 =0.62

Q2 = (1 12 m?/4)0.62 x 5.667x108 W/m2K* [ (273+60)* + (273+20)*] K*

Quz = 136W . <

(b) The net exchange between the disks and the room (r) is determined from two exchange
expressions: :

k'S
Disk I to Room:  qir = A; Fy; o[T{-TH
where Fj; = 1-Fj3 = 1-0.62 = 0.38. Hence,

Qur = (1 12 m?/4)0.38 x 5.667x10~8 W/m2-K* [ (273+60)* — (273+40)*1 K*
qyr =45.6W . <4

Disk 2 to Room:” Qo = Ag Fy; 6 [T4-T$]
where F,, = 1-F;; = 0.38. Hence,

qur = (1 12 m?/4)0.38 x 5.667x1078 W/m?K* [ (273+20)* - (273+40)4] K4

Qe ==37.7W. . <

The net heat exchange between the disks and the room is
qa,2x =qir +q2r = 45.6-377=79W. | <

COMMENTS: How much power must be supplied or removed from each of the disks in order
that they will be maintained at their respective temperatures?




- PROBLEM 13.21

KNOWN: Coaxial, parallel black plates with surroundings. Lower plate (A;) maintained at
prescribed temperature T, while electrical power supplied to upper plate (Aj).

- FIND: Temperature of the upper plate T;.

SCHEMATIC:

R=175W
Heater

¥ Ay, Dy=020m, T,

i gAz, D,=040m, T;=500K

ASSUMPTIONS (1) Plates are black surfaces of uniform temperature, and (2) Backside of
heater on A, insulated.

ANALYSIS: The net radiation heat rate leaving A; is
N 4_md 4 _md
Pe = 3.G;j = A1 F120(Ty - T2) + A Fi30(Ty - T3)
R |
P, = A1 0[F(T} ~ T3) + Fi3(T} - Taw) )
From Figure 13.5 for coaxial disks (see Table 13.2), )
R; =1,/L=0.10 m/0.20 m = 0.5 Rg =1o/L =0.20 m/0.20 m = 1.0
1+R# 1+12

S=1+ ——"=1+ =9.0
13 (0.5)

Fpa = %{s - [S% - 4(ro/ry )211’1 )= %{9 - [9% - 4(0.2/0.1)2]12) = 0.469. |
From the summation rule for the enclosure A;, A, and A; where the last area represents the
surroundings with T3 = Ty,

Fig+F3=1 Fj3=1-Fp,=1-0469=053L.
Substituting numerical values into Eq. (1), with A; = aD£/4 = 3.142x1072 m?,

17.5 W = 3.142x1072 m?x5.67x108 W/m?-K*[0.469(T{ — 500*)K*

~ +0.531(T4 - 3004)K*)

9.823x10° = 0.469(T3! — 500%) + 0.531(T* — 300%).

find by trail-and-error that
=456 K. <

COMMENTS: Note that if the upper plate were adiabatic, T; =427 K.
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PROBLEM 13.68
KNOWN: Two aligned, parallel square plates with prescribed temperatures.

FIND: Net radiative transfer from surface 1 for these plate conditions: (a) black, surroundings
at OK, (b) black with connecting, re-radiating walls, (c) diffuse-gray with radiation-free
surroundings at OK, (d) diffuse-gray with re-radiating walls.

{ ——A,T;2800K, £,,:23,224 W[m?
L:c)j-,,, /‘7—A1,T1 500K, Eyy=3544 W)m2

ASSUMPTIONS: (1) Plates are black or diffuse-gray, (2) Surroundings are at OK.

SCHEMATIC:

ANALYSIS: (a) The view factor for the aligned, parailel plates follows from Figure 13.4, X/L
=0.4m/0.8 m=0.5, Y/L =04m/0.8m=0.5 F;3 =Fy =0.075. When the plates are black
with surroundings at OK, from Eq. 13.13,

@ = Q12 + Qi) = A1F12(Bpy — Ep2) + A1Fioun (Bl — Ebgeur)

qQ = (0.4x0.4)m2[0.075(3,544 — 23,224) + (1 - 0.075)(3,544 - 0)]W/m? =288 W. Q

(b) When the plates are black with connecting re-radiating walls, from Eq. 13.30 with
Fir =Rgg =1-Fy3 =0.925,

- 2 2
A [Epy — Eppl _ (0.4 m)*[3,544 — 23,224] W/m® _ 1692 W. <4

= Fia+ (WFig + VR T [0.075 + (10.925 + 10.925)1 "

q:

(c) When the plates are diffuse-gray (g, = 0.6 and €, = 0.8) with the surroundings at OK, using
Eq. 13.20 or Eq. 13.19, with Ey3 =J3 £0,

Q1 = A1Fia(Jy = J2) + AjFia(y - J3) = B - I - &1)/e1A4)
The radiosities must be determined from energy balances, Eq. 13.21, on each of the surfaces,

En -1y V S
TN R0 =T+ Pl =Js) 2 =Fyp(y - 1)) +Fas(lp - J

d-a)e 12(01 =J2) +Fis(ly = J3) A=)k, 2102 = J1) + F(J2 — J3)
3,544 -1, 23,224-1,

T-06/06 - - = 00750, - .925],.
(1-0-6)/0.6 0075(]1 Jz)+0925]1 (l-—o.8)ﬂ).8 07(]2 Jl)+0925J2

FindJ, = 2,682 W/m? and J, = 18,542 W/m?. Combining these results,

q = (0.4 m)?(0.075)(2682 - 18,542) W/m? + (0.4 m)?(0.925)(2682 — 0) W/m? = 207 W. <

(d) When the plates are diffuse-gray with connecting re-radiating walls, use Eq. 13.30,

_ ) A [Ep; — Eyp]
(1 —eyfeqy + [Fiz + (UFR + 1FR) 1™ + (1 - £a/e5)

Qi

(0.4 m)?[3,544 — 23,244] W/m?

- =-1,133 W. <
(1 - 0.6/0.6) + [0.075 + (1/0.925 + 1/0.925)* 1" + (1 - 0.8/0.8)

q




