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{

f Radiation /
from i that

A strikes j

Surface | \ 4

/

g

= Radiation from i

| that misses |

<Y,
Diff diati N, Diffuse radiation
' uset(a '?"Dn &:ﬁ emanating from another
emanating from -

: . | point on surface i
a point on surface |

Surface i

View Factor: F_; is the fraction of diffuse radiation leaving surface i that arrives at

surface j by a straight-line route, and depends on size, orientation and spacing.
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o ‘

View factor is zero View factor is one
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See Figures 14-16, 17, 18
and Table 14-2

A r S?

1 JJACOS(QI-) cos(&’j) dA; dA

cos(6;) cos(6;) dA; dA,
T S?

1
Al
JAj

J>'—.
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Geometry

Ralaticmn

Parallel plates with madlines
conmected by parpandicular

- L -
I T_I
L |
X :
T -|'.
- "1 =

Inclened parallel plates
af equal width and &
COMMcan SOgs

Perpendicular plates wilh a
COMITHoN g

Thirne -sedad gnclosure
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(§)) Bilkent University

£ - 1 jcos(@,) cos(d;) dA; dA, _
i>j A 5
A A A, TS AF. =AF,
F .= i jjcos(gf) 008(62)") S Reciprocity relation
j—i
A, A A TS 7
j r ARy A _ 2R 1
=1 AJ AJ 2 T R2 2
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An enclosure is a three-dimensional region in space completely encased by

bounding surfaces.

Summation

I
RN

F,

+ F,

—2 —3 y F1—>3 -

relation
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Openings (holes, cavities) that behave like a black body:

/

Cavity

Point of
absorption

Typical
/ photon

path

absorbtion

photon
path

Small, short tube ]
Surroundings

Read the text book about interior of rooms that appear black in day light, and the

people that appear red-eyed in a picture.
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Example P.14-7

Two square plates of size 8 cm by 8 cm are directly opposite each other in parallel

planes. What should the spacing between the plates be so that the view factor

from one to the other is 0.5?

T
8cm
8cm
X
8cm
1 ‘ 8 cm
Y
<
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F,

N
= + — —
F1—>2a F1—>2b F1—>2 F1—>2a N F1—>2b * .. ZF1—>2i
i=1

—2
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Radiative heat exchange between black bodies

Radiation leaving 1 Radiation leaving 2

Net radiative transfer ) g
and arriving at 1

between 1 and 2 ~ | and arriving at 2

Q,, =Ep AR, -Epy Ay By

Fozflef2 A F, =A; By

Eb=0T4

Q. =AF o0 (T14 -T, )

1 Q = iAi R oo (T4 -T7)
j=1
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\ e
S
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Radiative heat exchange between diffuse and gray bodies

J= p(iJr = Define radiocity as the sum of
G ! e ¢E, A emitted and reflected
Incident Reflected  Emitted radiation from a gray surface:
radiation radiation radiation
J=¢E +pG
p=1-«a
=1-¢

J=¢E, +(1-¢)G
Gray, diffuse

surface J=E, fora black surface
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Net heat flux leaving surface i by radiation is the g -J -G
Ai

difference between outgoing and incoming radiation:

Substitute for G, QI_ = 2t % (Ebi - Ji)

For a gray, diffuse, isothermal surface:

JiAF

. N .
Q; = ZQi—>j
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Surface 3

Prof. Dr. Faruk Aring

QI = fi e (Ebi-Jl)
Surface 2 '
— Ebi 'J| — Ebi "Ji
A s R
1-¢

Q1—>2 =A; F; (J1 : Jz)
'J1 ~ Jz 'J1 - 'J2

A1 |:1—>2 R1—)2

Surface 1
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Two-surface enclosures R, =R, +R, , +R,
Rtot B 1 - &4 N 1 N 1
A, & A; Fis A, &
Surface 2
Surface 1
4 4
Ere : _Eb1_Eb2_O-(T1 _TZ)
Q’l—>2 - R _ R
Ep tot tot
4 4
: _ o (T1 - T, )
QHZ 1-¢ 1 1
1+ +
A, & A, Fis A, &

: . 4 _ T4
For small surfaces: Q2 = & 0 A (T1 i Tz)
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Large (infinite) parallel planes

k‘A1, T1, €4
“Ag, T2, €o

Long (infinite) concentric cylinders

Concentric spheres

Small convex object in large surroundings

Ao, To, €5

Prof. Dr. Faruk Aring

A=A=A
1—>2=
A _ r
Az - rz
E—>2_1
A _h
Az - f‘zz
1—)2_1
A
A;
E—>2_1

: Ao (T -T)
Q.,=
1 1
—+—-1
81 82
: oA (T - T,
0“2=1 1-¢, [r
4 2 (L
£, &, (rz)
o= oA (T, - T,%

1 1—82 g 2

— 4+ —

&4 &,y s
C-‘)1—>2: UA1‘91(T14_ T24)
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Example P.14-23

A thermocouple is used to measure the temperature of a hot gas flowing in a pipe
whose wall is at 350 C. A cylindrical radiation shield, large compared to the size of
the thermocouple, encloses the thermocouple, as shown. The shield has an
emissivity of 0.13. The emissivity of the thermocouple bead is 0.68 and the
emissivity of the pipe wall is 0.94. The convective heat transfer coefficient on the

thermocouple is 70 W/m2.K, and the thermocouple reads 500 C. The convective

__Thermocouple wires  heat transfer coefficient on the shield is

Pipo wall -~ | 35 W/m2.K. The shield has a diameter
= Radiation of 6 cm. Calculate the actual gas
Flow shield
temperature.

Thermocouple bead

Prof. Dr. Faruk Aring Spring 2013
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Three-surface enclosures Q1 = _'J1 - J + Ji - Jds
R1—)2 R1—)3
Q. = Jp - d; + J, -,
Surface 2 2 R R
Surface 3 243 531
2 _ J3 = J1 \J3 m J2
% R
31 32

J=0cT!-R, Q
J,=0cT}-R, Q,

— 4 -
Surface 1 ‘J3 = O T3 B R3 Q3

There are 6 equations and 6 unknowns to be solved simultaneously
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Example P.14-30

A very long enclosure is formed from two perpendicular, equal-width plates and a
slanted cover plate as shown. The cross section of the enclosure is in the shape
of of an isosceles right triangle. Assuming gray and diffuse surfaces, calculate the

net radiative heat transfer from the hottest plate.

e, =05
e, =0.75
10cm |1 3 ez =1
] 2 T, = 500°C
10cm T, = 400°C
T5=100°C
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