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Unit Vi Radiation Heat Transfer (i

Radiation heat transfer is defined as, “ the transfer of
energy across a system boundary by means of an
electromagnetic mechanism which is caused solely by a
temperature difference.

Conduction and convection requires medium but radiation
does not require medium.

Rate of heat transfer by conduction and convection varies
as temperature difference to the first power whereas
radiant heat exchange between two bodies varies as
temperature difference to the fourth power.

The emission of the thermal radiation depends upon the
nature, temperature and state of the emitting surface.
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Unit VI

Total emissive power:-

5 =
* |t is defined as total amount of radiation E b —\/l/;
emitted by a body per unit area and time. R%}) , M
Monochromatic emissive power:-
* it is defined as the rate of energy
radiated per unit area of the surface per b
unit wavelength. 1:_ B)\
Emissivity :- ( & >
* It is defined as the ratio of the emissive et
power of the any body to the emissive == 6" }:- 0= E < ]
power of the black body. i ()
Trons pesons RNe-ecm Absorpinia
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Unit VI Radiation Heat Transfer; « ji¥

Absorptivity, Reflectivity, and Transmissivity

Everything around us constantly emits radiation, and the emissivity represents
the emission characteristics of those bodies. This means that every body, in-
cluding our own, is constantly bombarded by radiation coming from all direc-
tions over a range of wavelengths. Recall that radiation flux incident on a
surface is called irradiation and is denoted by G.

‘ When radiation strikes a surface, part of it is absorbed, part of it is reflected, 5 (& —," g O —)" ﬁ D {
Incident and the remaining part, if any, is transmitted, as illustrated in Figure 11-31. VQ} : ""}’ -~ =40)
radiation The fraction of irradiation absorbed by the surface is called the absorptivity p L B I’JJ

G, Wim? . . s
" o, the fraction reflected by the surface is called the reflectivity p, and the frac-

tion gansmitted is called the transmissivity 7. That is,

IOY) /1 W
C 30 / - Absorbed radiation  Gars pid
A e e = - — 0, =y = . e
Abserplivity ® 7 Tncident radiation G f=a=] 1130 Q<: \o’“ O - :]
i

NP R LR (7 . ;K
Reflectivity: - Rc-ﬂluhd md.m.mt-n _ et D=p=1 (11-38) g’ 4
Semitransparent Incident radiation r g == @ - O }
material o _ Transmitted radiation & - l :
0 Mﬁwm.\.ﬁnm. "7 Tlncident radiation G f=r=l (11-39) _(
& O W / )y{];are (5 15 the radiation energy incident on the surface, and G, G and G, = —9 T 0 3
Transmitted Wre the absorbed, reflected, and transmitted portions of it, respectively. The l )
e first law of thermodynamics requires that the sum of the absorbed, reflected.
FIGURE 11-31 and transmitted radiation energy be equal to the incident radiation. That is, t g "f —Z
The absorption, reflection, and G +G.+G =G (11-40) X ek (
transmission of incident radiation by a e T el T
semitransparent material. Dividing each term of this relation by G yields

0 4~ 03—t TR

at+pt+tT=1 (11-41)
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Unit VI Radiation Heat Transfer |{

Black body: F A .
p:rﬁecﬂyo gbsorbi:gr T = 0, p=0, such a body is called a black body, which
body, reither reflects nor transmits any part of the incident radiation but

absorbs all of it. In practice perfectly black body does not exist.

(o) Body: F . i
opp:guueebozy?’ % @ = 0, @ such a body is called opaque body which does
not transmits but only absorbs or reflects the incident radiation.

X,vpl,}:'eebogzdy: & a =0, t = 0, such a body is called white body which
r

G Mv'(rm> eflects all radiation falling on it.

Grey bodyy/if the radiative 2 . o
@sp ot of a A grey body is also defined as one whose absorptivity of a surface
body are ‘assumed fo be  doas not vary with temperature and wavelength of the incident

uniform over the entire

wavelength spectrum, then rqdiqﬁon.
such a body is called grey

body.
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Unit VI Radiation Heat Transfer {{i .

* Every surface emits electromagnetic waves
continuously in all possible directions due to

itstemp. ( e ME e la/zmk,w\‘o>

* These electromagnetic waves carry energy
when they propagate and transfer thermal S&w- < ‘96

energy when they impinge on a substance/ £ EQWM
body. This kind of energy transfer is called Kozl
Heat Transfer by RADIATION. e

* Heat transfer by emissions of radiation Is
explained by two theories:
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Bl Wave Theory or Maxwell’s
Classical Theory

* Radiation emissions propagate in the form of
waves. Since waves propagate ’rhrough some
medium, this theory assumes that Universe is
filled W|’rh a hypothetical medium ETHER.

* Waves travel with the speed of light

* Every wave possesses certain amount of
energy, a part of which is transferred on
being impinged by some obiject in its route

of travel | oA _%‘\J]w\mj e
N

\l\” A >

" Pefgmen 1
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Unit VI Radiation Heat Transfer ; P

Spectrum of Electromagnetic Radiation

(’rGOum to O 1 Um

ISold (301um) /(GDOM
<Radmu’nc:) &

(—)(— Visible Light(0.78-0.38)

(
102 10 10° \ 10°! 102 103

I ——
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V(freq) e Infrared s
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Unit VI Radiation Heat Transfer (i . )

2.Quantum Theory or Planck’s
Theory

e Radiation emissions are in the form of
series of entities known as quanta.

* Each quanta possesses certain amount
of energy, which is proportional to its
frequency of emission.

* Quanta moves with the speed of light
and releases its energy on being
impinged by some object in its route
of travel
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Properties of Surface
Reflectivity (p):
Fraction of total energy falling on the surface,

which is reflected
Absoptivity (a):

Fraction of total energy falling on the surface,
which is absorbed

Transmissivity (7):

Fraction of total energy falling on the surface,
which is transmitted (through)

Hence,p +a+17=1
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Unit VI Radiation Heat Transfer { . J}j

Some Definitions

Black Body:

A body which absorbs all incident energy and
does not transmit and reflects at all, is called
Black Body. It is also the highest emitter of
radiation

T=0p=0a=1¢ec=1

Examples: Surface coated with lamp black,
milk, ice, water, white paper etc
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Unit VI Radiation Heat Transfer

T —

White Body:
A

nody which reflects the entire radiation
falling on it, is called White Body

T=0a=0,e=0;p=1

Gray Body:

The body having same value of
emissivity at all wavelengths , which is
equal to average emissivity, is known as
Grey body.

Generally, all engg metals are grey bodies,
for which £=a, when in thermal equilibrium
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Emissive Power (q):

It IS the rate, at which the radiant flux is
emitted from the surface at certain
temp

Monochromatic Emissive Power (q,):

It Is the rate, at which radiant flux is
emitted with a specific wavelength at
certain temp; it is A dependent emissive
power
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Unit VI

Emissivity (€):

It Is the ratio of emissive power of a
surfaceto that of black body when both at

same temp q

@
Monochromatic Emissivity (¢, ):

It Is the ratio of monochromatic emissive
power of a surface to that of black body
when both are at same temp for same given

wavelength da  (New black D
&) = — —
: Wy Etack )
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Unit VI Radiation Heat Transfer (i . i}

\“Radiosity (J):

It IS the net energy leaving the surface.
It consists of the radiant energy emitted and
energy reflected out of the incident radiation

from the surface.

J= &0, + (1-£))G
In%&iéﬁ%‘(@){:; (1-0-Y)|0

It i§theﬁ_et@ne@ygrgcid lling on the
surface (need not nece y be absorbed)
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Unit VI Radiation Heat Transfer (i i)}

Planck’s Law ( 1 wave-tww’b)

Planck’'s law Is based on Quantum theory and it
gives the relationship among monochromatic S5
Emissive_paower of black body, the absolute Temp
of the surface and corresponding Wavelength and

IS given as:
ZT[Cl 2 6 (C‘Z/>\F()
b =
~ D 1) e
whereC1 =0.596x1071°& C2 = 0.014387 v]om\ s

m— RN RN
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Unit VI

Planck’s Law

Plot shows the following:

* q,, af certain temp first increases with A,
attains some max value and then decreases

* For specific wavelength,
g, of black surface increases with temp

* Most of the thermal radiations lie in wavelength
region from 0.3 to 10 pum

* Wavelength (A_) , at which peak q,, obtained,
decreases with increase in temp
Heat Transfer by R P Kakde
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Unit VI Radiation Heat Transfer ()

i

Wien’s Displacement Law

Wien’s Law gives the relationship between
the wavelengths (A,) , at which peak (g, )

monochromatic emissive power Is obtained 105
and the absolute temp and given-as: g BT
(Pr=0.0029]mK ’
Q
- oh 1.0 BOOK
Plot and above relation show that the value W/m?
of wavelength, at which peak/max 0.1 >00K
monochromatic emissive power is obtained, 01032 4 6 8 10
decreases (displaces/shifts) with increase in Wavelength A(um) —>

surface temperature of the black body.
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Unit VI Radiation Heat Transfer (i J}j

Derivation of Wien's Law

As per Planck’s | s
S per AancK s 1avy, Apr = C

X ' /15(8 */ar — 1)
i R

S Nl & T

. 21Cy
Substitutingq,; = E
x52T5 sl

This eqn expresses
> g, of black body as
C, a function of x

P2 T (e — 1)1

Or qp) =
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Derivation of Wien's Law

For obtaining the wavelength (A _) for specified temp,
at which max q,, occurs, we have to differentiate this
equation wrt x and equate it to zero.

IRl T (X — 1)1

e == 0
dx G2

2nC,T> d

. 5. x_1—1=
- GGV Rl

Or

d
SN —1 by (-
Or o [x° (e 1)7]=0
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Unit VI Radiation Heat Transfer (i i}

Derivation of Wien's Law

d i —
- e SRy

= (e*—1)"L.GxY) + (x°).(-1).(e*—1)"2.e* =0

S5x* x>,

e*
e -D @ -Dr
—1)[ —1)] !
5e* — 5 —x.e*
Or - =0=2e*5—-x)—5=0
e —1
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Unit VI Radiation Heat Transfer (i J}j

Derivation of Wien's Law

Wenowhave @ e*(5—x) —5=0

This egn is satisfied by putting x=4.96

H — 4G = 6
ence,x = 4.96 = T
. 0.014387 T

196,

Therefore,)/}mT = 0.0029mK
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Unit VI Radiation Heat Transfer (i i}

Stefan Boltzmann's Law Q\iﬂclfém\vf\ HT)

Emissive power of a black body is directly \/{cfug\\m et
proportional to fourth power of its

PRI v - JCCUDQ}
absolute temperature:

et thra, =G O

ereq = 5.67x1073W /m?*K* Blosk o \:EBTL' ;

Kirchlf:of’s Law < X = é) \;1 e \é S
= =i

BT e A
Whemdcsurﬁa%e)iesqﬂ\ thermal equilibrium

wiﬂEieruadidg&,ejhe__ issivity, of the
surface is equal to its abm / )
That is\x = € | ==
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a9
o ———
Fosir o oo

<

£
< 1l
2 i
&
=

)

Solid Angle
Solid angle subtended by

surface A, at surface dA,
(elementary surface)

is numerically equal to the
area on a surface of sphere
with unit radius and centre
at elementary area, which

is cut by conical surface
having its base as perimeter
of A, and vertex at dA,

Solid angle is measured in Steradians (Sr) and

denoted by symbol w A,
e da) = r_2
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Unit Vi Radiation Heat Transfer{li .}
AT =l

Solid Angle Between Two Elementary Areas

Solid Angle subtended dA,
by elementary area dA,
at dA, can be given as:

iy \ Projected
i .2 205'82 } @) Area of dA2
1 towards
/ %dAl IS dAQCUSBz
e
S5 2 >3
Similarly, solid angle 2 — GA41C0SBy %
w =

subtended by area dA,

at dA, can be given as:
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Unit VI |ntensity of Radiation

* Intensity of radiation emitted by a surface is equal to
the radiant energy passing in a specified direction
per unit solid angle

* Intensity of radiation varies in different directions
and is max in the direction normal to the surface

Lambert Cosine Law:

Intensity of radiation in any direction is proportional
to the Cosine of the angle made by that direction

with the normal.
That is, I=I Cosp; where |, is the intensity (max) in

the normal direction and B is the angle made by that
direction with the normal

i oT*
Total emissive power q = Tl =)l = = q = g/( 4 =

T, —
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Unit Vi Radiation Heat Transfer {i . J}}

Shape Factor/Geometric Factor

Shape factor is defined as the fraction of
energy emitted by one surface and directly
intercepted by the other.

f f Cosf,Cosp,dA{dA,

Tr2

1
ShapeFactor: F;, = i
1

A1 Ay

Shape Factor depends upon:
1. Shape and size of surfaces
2. Oirientation of surfaces wrt each other

3. Distance between the surfaces
Heat Transfer by R P Kakde GCOEARA Awasari Khurd




Unit VI Radiation Heat Transfer a

o
Relations/ Theorems of Shape Factors [ﬁ;éﬁ/lij

e
- STy L -4 1034 JfL&'\_—{o.cjb‘)__F
1. Reciprocal Relation:  F;,.A,;=F,;.A, TR e i o
2. Enclosure Relation: If n no of surfaces \/’F21+F22+F23 ----------- Al =
form an enclosure, then: 00 A Q| ceceececicitiiiiiiiicititetiettcitctestestcssesonsenas
Flo=—2 = e LIS S S P +F =1
fj L= Lo = J ~—an
@ 7C//: e /\}’)
3. Summation Relation: @ﬂcu# -
Shape Factor F,, between two surfaces A,
and A, is equal to the sum of shape .

factors F,; & F,,, if the two areas A; & A,
together make up area A,

o F12 — F13 A F14; However, F21 - F31 + F41
Heat Transfer by R P Kakde GCOEARA Awasari Khurd
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Unit VI

Relations/ Theorems of Shape Factors

4. Shape factor depends on geometry and
orientation of surfaces and it does not

change with temp.
5. Shape Factor wrt itself (F,,, F,,, F35...)

means radiation emitted by a portion of a
surface falling on the other portion of itself
directly

Example : Shape Factor for concave surface

Shape factor for convex or Flat surface wrt
itself is zero.
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Unit VI Radiation Heat Transfer {i ./}

Radiation Heat Exchange Between

Two Parallel Plates

Consider two grey opaque parallel plates
maintained at temperatures T, & T, having
emissivities €, & €, respectively

For grey bodies, absoptivity a = emissivity €

T,,€;

T5€,

Heat Transfer by R P Kakde GCOEARA Awasari Khurd




Unit VI Radiation Heat Transfer {i__ i}}

Radiation Heat Exchange Between Two Parallel Plates

Consider radiant flux g, emitted by surface 2.
Out of g,, a fraction g,q, will be absorbed by surface 1
and rest (g,-€,0,) will be reflected towards surface 2

Out of this, £,(1-¢,)q, will be absorbed by surface 2
and balance (1-¢, )(1-£, )g, will be reflected to 1

€10,

(1-&,)(1-€5)q,

€,(1-€,)q,
Heat Transfer by R P Kakde GCOEARA Awasari Khurd




Unit VI Radiation Heat Transfer {i . J}

Radiation Heat Exchange Between Two Parallel Plates

Out of this, €,(1-£,)(1-£,)q, will be absorbed by surface 1 and
balance (1-¢, )?(1-¢, )g, will be reflected back to 2

This process of absorption and reflection goes on indefinitely, the
quantities involved being successively smaller.

£,9, g,(1-g,)(1-€,)q, €,(1-€,)%(1-€,)?%q, €,(1-€,)3(1-€,)3q,

Heat Transfer by R P Kakde
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Unit Vi Radiation Heat Transfer:tli . !}
AT =l

Radiation Heat Exchange Between Two Parallel Plates

Thus, total radiant flux absorbed by surface 1 out of
g, emitted by surface 2 will be:

=&q, +&(1 — )1 —&)qy + £,(1 — £)*(1 — &,)%q;
AR (=) gt ... 00

£,(1-€1)q; £,(1-€1)%(1-8)q,  &(1-81)(1-55)°q;
Heat Transfer by R P Kakde GCOEARA Awasari Khurd




Unit VI Radiation Heat Transfer (i J}j

Radiation Heat Exchange Between Two Parallel

Plates

I NEE (1 — 2 ) E (1 — )%l — )¢+ (1 — )1 — )P+ oo]
6i d2&1 By d2&1
IR )(1 — £5) 1-(1—¢& —&+&¢8)

i d2€1
E1 T+ & —&1&

Similarly, considering radiation flux ¢, emitted by surface 1 and fraction out of
which absorbed by surface 2 can be given as:

i qd1€2
&1+ & —&&)
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Unit VI

Radiation Heat Exchange Between Two Parallel Plates

Assuming T, > T, , net radiant flux absorbed by 2:

d1&2 d2€1

Uilzaas &
E1 T & —E1& & T & —&&

Sinceq, = 510T14&q2 = ity

€2€1O'T14 81820'T24
112 = E1 T+ & — &E1&
o(T* — T,*) cA(T* — T,*)
d12 = 1 1 0rQqp = 1 1
Etai CREt

Heat Transfer by R P Kakde
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Unit VI Electrical Analogy of Radiation Radiation Heat Transfer (i . J}}

Shape/Space Resistance:

Heat flow between two black surfaces at temps T, & T, can be written

as: TA_T4
Q12 = F12A10(T14 — T24) = U( - 1 = )

A1F12

Here, EquivalentPotentialDif f = O'(T14 5 T24)
Il

A1F12 B A2F21

And Equivalent RESISTANCE =

Due to finite dimensions of the surfaces, 100% of emitted radiation
from surface 1 does not fall on surface 2, hence some part of emitted
energy go to surroundings, thus lost. This loss is conceptually
explained to be caused due to resistance offered by finiteness of
dimensions of surfaces and their orientation. Hence, it is called

Shape/Space Resistance
 Heat Transfer by R P Kakde GCOEARA Awasari Khurd




Unit VI Electrical Anqlog\_/ of Radiation Radiation Heat Transfer . ;

Surface Resistance:

* Black body emits max possible radiation, and its
emissivity is taken as 1( the datum). However, Grey
bodies emit less due to surface properties; and hence
their emissivities are taken as less than 1 (in
comparison).

Therefore, emission of radiation from grey bodies is
always less than that of black body. This lesser
emission is conceptually assumed to be caused due to
a resistance offered by surface of the body as it
depends on surface property; the emissivity. This
resistance is called Surface Resistance and given as

1—-¢
Rsurface = Are 11 (of thesurfacel)&

AZ_'Z'
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Unit VI Radiation Heat Transfer (i __ )

Radiation Heat Exchange Between Two Parallel Plates (By
Other Method)

1 9 1 - o 1 1_82
O_(T14 o T24) Algl AIFII AESE
Q12 = i 5 &, € 4I\AMMA——//VV\N‘N\———/WVM/\_
L= i 1 i 1—¢
Ajgy - Al - Axs T T,
o (T,*-Ty%)
Since F,,=1 & A;=A,=A;
Q12 _ o(T,* = T,") 5 i G(T14 L T24)
A 1 i1+l 12 =7 .
EN &, + 1
€1 &
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Unit VI B <= B

Radiation Heat Exchange Between Two

Concentric Infinitely Long Grey Cylinders

o (T,%-T,%)

=,,=1 as inner cylinder is completely enclosed by 2

Heat Transfer by R P Kakde GCOEARA Awasari Khurd




Unit VI Radiation Heat Transfer {i__ i}}

Radiation Heat Exchange Between Two

Concentric Infinitely Long Grey Cylinders

4 4
e U(Tl — ) Putting F,,=1,
1_81_|_ 1 _|_1_€2 We have:
A& A Fi, Aye,
- o(T,* — T,*)
R ()]
A,
oA, (T,* — T,*)
= Q12 = T 77 A,=2/R, L
+ =L ( — 1)
& Ax\& A,=21R,L
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Unit Vi Radiation Heat Transfer {i . |}

Radiation Heat Exchange Between Two Surfaces

0 (T, - T,%) .
= (12 = 1 A, ( 1 ) This expression is very useful as it can be applied to

—_ —_ ] — 1 . . .
& Ay \& SO many situations:

1. For heat exchange between two concentric spheres; Only diff will be : A;=4nR,? &
A,=4nR,?

2. For eccentric cylinders and spheres

3. For heat exchange between two parallel plates as A, = A, = A

4. For convex/Flat surface completely enclosed by other body as F,,=1 and
For=A;/A,
If enclosure (A.) is very large, A, /A, =0; Hence, Q = o ¢, A, (T,*-T.%)
Heat Transfer by R P Kakde GCOEARA Awasari Khurd




Unit VI

*In order to reduce the radiation heat
transfer rate between two surfaces, a third
surface is inserted between them. This
surface is known as Radiation Shield.

* Requirements of Shield (Surface):
* - Highly reflecting
* - Lowest emissivity (also absorptivity)
* - Lowest thickness (thinnest)

* Applications in more effective thermos
flasks, for reducing error in temp
measurement by thermocouples etc

Heat Transfer by R P Kakde
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Unit VI

Radiation Shield

Heat Flow Rate
. o(Ty* - T,")
assuming T,>T.,: Q12 =7
—+——-1
&1 &2

Now, a shield having both side emissivity €, is
placed between the surfaces 1 & 2.

On achieving steady state, the shield will
attain steady temp T; between T, & T..

Since T, remains steady, that means whatever
radiation, the shield is receiving from surface

1, the same it is giving out to surface 2.
Heat Transfer by R P Kakde
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Unit VI Radiation Heat Transfer (i i}

Radiation Shield

gl = T5") 5 o(Ts* — T,*)

Hence, q13 = q3, =

R | 1 1
1 1 1 1
Substituting— +——1=xand—+—-—1=y
€& &3 €3 &

T14 Ty T34 = T34 - T24 T34 T34 N T14 T24
= =>—+ = +
X y y X X y

Wehave,

T+ axl
OrxT34+yT34=yT14+xT24=>T34=y . :

X+y
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Unit VI

Radiation Shield

SubstitutingT34in q13 €Xp € ression;

4 4
2 yIh" +xTy
2 sy
q13 = =
i O-(XT14 + yT14 TR yT14 N XT24)
b x(x +7v)
o.x.(T,* - T,*) o(Ty* - T,%)
(13 = =

x(x+y) xX+y

Heat Transfer by R P Kakde
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Radiation Shield

S U(T14 = T24)
Substitutingx&y; g3 = 1 1 1 1
Eres— )+ G sy
U(T14 _ T24)
On simplification: 913 = 77 7 7)
Ers-1)+E1)

Since €5 will be very small, hence denominator of g, will
be very large, therefore, there shall be large reduction of

SIPRERCIEE
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Unit VI Radiation Heat Transfer (i }}}

Radiation Shield

If £,= €,=€,= §;

. Gie=—T,") i o(T,* — T,*)
i)+ ) )6

2
Thismeans, (E — 1) isusedtwicewithoneshield

o(T* — T,*)
(n+ 1) (% u 1)

Heat Transfer by R P Kakde GCOEARA Awasari Khurd

withnshields

Hence, g3 =




o
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Unit VI Radiation Heat Transfer ()

Radiation Shield

o(T,* — T,*)
(n + 1) (% _ 1)

Hence, g3 = withnshields

a(T:* -T2
WithONEshield; g5 = ) )

15 | 2
2(3+3-1)

Hence, q,; now becomes half of q,,
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Unit Radiation Shield Radiation Heat Transfer |{ | i

Home Assignment:

oA, (T,* — T,*)
A ] Ay (2 ?
&1 +A2 (52 E 1) A_3(g_ 1)
when a shield having e;emissivity is placed

Cylinders

between TWO SRhercs 1&2 having

emissivities €; & €, ma & int & a ined attemps T; &T,
having areas A1 & A,.

PI‘ (—_) (—_) 0 (—_) vethathg —
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Unit VI Radiation Heat Transfer

4

Q 1:Effective temp of a body having an area
of 0.12m? is 527°C. Calculate the following:
a) Rate of radiation energy emission

b) Intensity of normal radiation

c) Wavelength of max monochromatic

emissive power
Solution:

a) Total emission of radiation Q=c A T4

Q = 5.67x1078x0.12x(527 + 273)* = 2786.9W

b)Intensityof NormalRadiation

4
I, = o, = 5.67x1078x(527 + 273)* = 7392.5W /m?. sr
G T
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Unit VI Radiation Heat Transfer (i i}

c) Wavelength of max monochromatic
emissive power:

From Wien’s Displacement Law;

AmT = 0.0029mK
. 0.0029  0.0029

= == ==
Am i3 527 + 273
A = 3.625x107°m = 3.625um

Answer
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Unit VI

ERG & REge
)
& % T
& ;
° . s X
) 5 14
il e~ 2 Sl
RO o v, e

Q2: A sphere of radius 5cm is concentric with another
sphere. Find the radius of the outer sphere so that
shape factor of outer sphere wrt inner sphere is 0.6.

Solution:

Ay=4nr,? A,=4nr,2 F,,=0.6
Since sphere 1 is completely enclosed
by sphere 2, hence F,,=1

We know that F,,.A,=F,,.A,

Substituti & ngvalues, wehave;
1x47(0.05)% = 0.6x47R,*

R, = 6.45cmAnswer

' Heat Transfer by R P Kakde
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Unit VI

Q3: Find F,o.

Fio = Fig — Fi4 ]

]
 Ag Aly ; 3 e

—F., ——F e
A1 61 A, 41 : M
A

Ay
(F65 F63)_A_1(F45_F43)

&
F -L1—7—035&L2—13—065
Bl w20

From graph: F,-=0.32
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Unit VI

Solution (Contd):

From graph: F,,=0.26

F -L1—4—02&L2—13—065
AR W 20

From graph: F,.=0.36

Heat Transfer by R P Kakde

L, =z/X
"2,0 < 5
1 2,7 L, =y/X
5
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Unit VI Radiation Heat Transfer P

Solution (Contd):

L, =z/x
’1‘0 < 5
1 E/7 L, =y/x
20 W 20 P
8 4
From graph: F,,=0.33 43
Ag A,
e = A_1 (e ) — A_1 (Fas — Fa3)
7x20 4x20
= 0.06
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Unit VI Radiation Heat Transfer (i . }}
ni dadlation rneat iranster ' - i
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Q 3: Find out heat transfer rate due to radiation between two infinitely long
parallel planes. One plane has emissivity of 0.4 and is maintained at 200°C.
Other plane has emissivity of 0.2 and is maintained at 30°C. If a radiation
shield ( €=0.5) is introduced between the two planes, find percentage
reduction in heat transfer rate and steady state temp of the shield.

Solution: 1
3 2
ol ) T, T, T,
Q12_l+l_1 £, £, £,
&1 &
5.67x1078[(200 + 273)* — (30 + 273)*]
i 1 1
041702 1
= 363W/‘m2
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Unit VI Radiation Heat Transfer (i i}

Solution (Contd):

W henshieldisinserted:

. a(T,* — T,*)
137 71 1 2
(a+5‘1)+(a‘1)

i 5.67x1078[(200 + 273)* — (30 + 273)*]

- 2
13 = 1 1 5 = 248.4W /m
(0.4 i 1) ik (E_ 1)
: 12 — 413
Percentagereduction = . x100
12

363 —248.4

100 = 31.579
363 x100 = 31.57%
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Unit VI

Solution (Contd):

Under Steady State
Conditions, we have:

O-(T14 T T34) N O-(T34 B T24)

CI13:CI32:> 1 1 1 1

a[(200 +273)* - T3*|  o[T5" — (30 + 273)*|

1 1 ¥ 1 1
(catas—1) (5+52-1)

or

= T, = 431.67K

Heat Transfer by R P Kakde
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& Rt.gaqc

1 2
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GCOEARA Awasari Khurd




UnitVI  Gqs Radiation Radiation Heat Transfen Y

* Gases in many cases are transparent to radiation

* When they absorb and emit radiation, they usually do so only in
certain narrow wavelength bands.

* Some gases such as N, O, and other non-polar gases are
essentially transparent to radiation, and they do not emit radiation

* While polar gases like CO,, H,O and various hydrocarbon gases
absorb and emit radiation to an appreciable extent in narrow
wavelength bands.

* For solids and liquids, radiation occurs from thin layer (1um to
1 mm) of surface, hence it is surface phenomenon. However, for gases
it is not surface but volumetric phenomenon.

Heat Transfer by R P Kakde
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Unit VI Volumetric Absorption: Radiation Heat Transfer [\ i}}

* Let a monochromatic beam of radiation having an Intensity |,
impinges on the gas layer of thickness dx as shown in Fig.

* Decrease in intensity resulting from absorption in the
layers is proportional to the thickness of layer and
intensity of radiation at that point

* Thus;

d1,1 = —kaladx;
wherek,iscalledmonochromaticabsorptioncoef ficient
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Unit VI Volumetric Absorption: Radiation Heat Transfer ({i _ }}

* Integrating this equation gives;

I1x
dI,1
f k,1 dx
IAi
orl'l—x — Pk
Iy;

* This is Beer's Law and represents
exponential decay of radiation o didxe
intensity X=0 :

' Heat Transfer by R P Kakde ) GCOEARA Awasari Khurd |




UnitVI Gqs Radiation Radiation Heat Transfer {i . J)

* we know that monochromatic transmissivity;

=& TGt

* If gas is non-reflecting, then;

) + Ol — 1
and hence ay = 1 — 1,

Therefore Absorptivity ay = 1 — e k2%

And, for grey surface, Emissivity €, = a; = 1 — e *a*
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Unit VI Radiation Heat Transfer P

lé\& /4

Emissivity of CO,, H,O Vapor & Gas

* Emissivity of a gas mixture is a function of total pressure (P), partial

pressure of a gas(p), gas temperature (T) and characteristic dimension
of the system; also known as beam length

. € =f(P1p'T1L)

* When the gas mixture is at 1 atm total pressure,
the emissivity of CO2 and H2O vapors are given by
following empirical relations;

sy 7 For most practical cases,
=3i5(p. L) Mean Beam Length is taken as
100 .
Volume of Gas mixture
L =3.6x
= 3.5p0-80:6 [ Surface are a of enclosure
100
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Unit VI Radiation Heat Transfer (i i}}

Heat Exchange between Gas Volume & its Enclosure

* Rate of radiant heat transfer from the gas to its enclosure is given by:

i gE
Q RS gg- AS' O-- Tg )
whereeg emissivityof gasemixture

A Enclosureinsidesurfacearea
TyGasemixturetemp

* If the enclosure surface is black, it will absorb all this radiation but
it will also emit radiation. Hence net rate, at which the radiation is
exchanged between the black enclosure surface at temp T, and the

gas mixture at temp T, (T, T) is given by:

Q = A.. a[eg.Tg4 = ag.TS4]
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Unit VI Radiation Heat Transfer (i i}

Heat Exchange between Gas Volume & its Enclosure

* |f the enclosure surface is grey, the net heat transfer

to grey enclosure having emissivity €____ is given by:

grey

Qgrey b €grey il

Qbiack 2
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