Radiation Exchange May 2, 2007

Outline
Radiation EXChange * Basics of radiation interchange
+ Limit considerations to diffuse surfaces
Larry Caretto + Definition of view factor
Mechanical Engineering 375 « Finding view factors
Heat Transfer » Use of view factor in radiation exchange
* Exchange among several diffuse
May 2, 2007 surfaces
Northridge Northridge ’
View Factor, F .or F. Deriving F; Equation
Surface 2

¢ Fi—>j or Fij is the Surface 1
fraction of radiation, \
leaving surface i, N\

™, * Intensity leaving

A Surface 3 T e {:/:Mz I\ surface dA1 at
% " '9 @ I./ angle 0, is |,
that strikes surface j - I /{’ ./ cosO,dA,

— Use easier to write ' ’@/-' L N4 . Solid angle dw,,
notation F; or more ::zf‘b t\dw« = dA,cos0,/r2
descrlptwe Fi, R 2

« Fraction of radiation from point striking dA, * Intensity in this d|rect|<2)n in dayq is
surfaces 1 to 3 varies with orientation l; cos6,dA,dA,COsH,/r
* Integrate over both areas

}'\',':;"';ﬁil'.'ia"g“'e' Figure 13-1 from Gengel, Heat and Mass Transfer 3 Nol‘thl'ldge Figure 13-2 from Gengel, Heat and Mass Transfer 4
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* Looking at radiation from surface 2 to o A iSR! .
thel ARARRRIMRI o t T T Figure 13-
surface 1 produces similar result gBFT % i2hi5a R o= irom Cengel
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* Important result: A F,, = AF,, wepi A A A A P of F Chart
~ Note that F, # a i
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View Factor Equations
+ Example for aligned !
parallel rectangles (X= L |
XIL, Y = Y/L) - |
—Because A = A, F; = F; ryl ! '
for this case X
2 (1 %+le1+\(2) of oal2. 4 X
Fo=—2_12] XL+Y*] tan ™ ——~—
i =Xy {2 n[ X2 72 }r (* )1 an (1+\72)1/2
+\7(1+ )72)1/2 tan’l%— Xtan X —Y tanty
bexef

Califieni Seate University
Northridge Figure from Table 13-1 from Cengel, Heat and Mass Transfer °

Working with View Factors

» Equations in Tables 13-1 and 13-2
— Can program into your calculators
* Charts in Figures 13-5 to Surtics
13-8 of text N
* Reciprocity relation F;; =
« Summation rule for each
surface in an enﬁlosure

Z F'] :1
j=1

Califiornia Seate University
Northridge

Working with View Factors ||

» Superposition Rule

* F14>2+3 = F1~>2+ F1~>3®

» Use to get unknown ®
shape factors

™

o
* In this example we can find F,_,.; and
F,_, from Figure 13-6 then compute F,_,
» Can extend superposition to multiple
areas: Fy_p.3:4 = Fi_p+t Fis+Fiy

Califiorni Seate

Northridge

View-Factor Problem

+ Find all view factors for
the cylindrical enclosure
withH=r,=1m
—From chart for ry/L = r,/L =

1,F,=F, =0.38
-Fy=Fp=0
— Summation of view factors
in enclosure: Fy; + Fy, +
Fi3=1,s0F;3=1-0.38
-0=0.62

Califiorni Seate

Northridge
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View-Factor Problem || Radiation Exchange

* Now have F, = F,, =
0.38, Fy; =F, =0, and
F,3= 0.62
* Reciprocal: A;F5, = AF 4
—A;=n(1m)2=nm?
—A; = 2n(1 m)(1 m) = 21 m?
—Fay = AF /A, = 0.31 L
» Symmetry F;, = F5; = 0.31
-”F§3 1-F; —F3,=0.38

« First consider black surfaces then
extend to gray diffuse surfaces

» Heat transfer from surface 1 reaching
surface 2 is A;F,,0T*

+ Heat transfer from surface 2 reaching
surface 1is AF,,0T,* = AF,0T,*

* Net heat transfer from surface 1 is
AF0(T4* =T,
— Negative value indicates heat into surface 1

-

Northridge ° Northridge "
Black Enclosures Gray Diffuse Opaque Enclosures
* In an enclosure all heat leaving a * For a gray, diffusive surface Kirchoff's
surface strikes one of the other surfaces law applies to the total hemispherical
« Net heat from surface i to surface j from quantities: o = ¢
previous slide is AF IJcs(T Tj“) » For opaque surfacest=0soa+p=1
* Net heat from surface i to all other * For gray, diffusive, opaque surfaces
surfaces is sum of terms like this thenp=1-a=1-¢
N N ( . 4) » For nonblack surfaces have to consider
Qi :Z;QHJ :Z;AFUGTi T emitted and reflected radiation
Rorthridge s Rorthridge .
Radiosity, J = pG + ¢E,, Net Radiation Leaving Surface
Radiosity, J . Radiosity, the Radiosity, J . Q = A(J - G)
Incid Reflected Emitted total radiation Incid Refl dE'td.szG-'-gEb:
neident eflecte mitte: . necident eflecte mifte
radiation radiation  radiation Ieavmg the r'adia__tion radiation  radiation ( - )G +8Eb
\ PG~ SeE surface, is the \ PG/~ /‘eE J —SEb
o\ /o /7" sumof 6\ / o
emitted and eE
N/ / reflected Q= A(J _bj
\/ radiation \/ A
/- s / £ N .
Surface Surface Q - (Eb J)
R’I:I)'H‘iirlia!;e Figure 13-20 from Cengel, Heat and Mass Transfer 17 R’I:I)'H‘iirlia!;e Figure 13-20 from Cengel, Heat and Mass Transfer 8
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Circuit Analogs

Radiation Exchange

* Net heat transfer from surface i to
surface j is radiation leaving i that
strikes j (AjF;J;) minus radiation leaving |
that strikes i (AFF;J; = AF;J)

I it Y
Qoj = Q5 = AR i —AF;iJ; —A i - AR = AR (0 -3;)
* Net heat transfer from surface i to all
other s

Califioeni Seate Univer
Northrlidg.,

* Next step in circuit ]
analog is flow betwee Sk

Califieni Seate University
Northridge

* Equation A on 0
previous slide can be =i
viewed as circuit bi WWV—e J;
-E,;and J; are _ R L&

potentials Sur ?lce' T Ag
— Heat transfer from . Ag
surface i is flow Q= -z (Es —J.)
—Resistanceis(1- ¢ 3 g _j
Si)/AiSi Qi — ]t.JI i _ _~bhi i
—& Ri
Northridge Ag °
Another Circuit Analogy
J.-J. ) )
QI(—>J Qu AF; (Ji *‘]J): IR : E, Surface
" ) g

radiosity J; and J, “‘

* Here R; = 1/AF;

* With previous {,
resistance between E : 7
and J have a comple K
circuit /E:\ "

21

Using Circuit Analogy

. Surface j
+ Look at simple peed

enclosure with only
two surfaces e
* Apply circuit analogy ]
with total resistance

le — En—Ep — Ewn—Ep»
Ag AR, Ag /'\
Californi Seate University Ebi Sucesd
Northridge =

One More Circuit Analogy

» Extend previous example with two
surfaces to multiple surfaces
. . Ji-J,
Qi<—>j :Qij = AiFij(‘]i _‘Jj): R :
R, = L
Ai Fij Surface i

between surface (at potential E.;) and
corresponding radiosity, J,

California Seate Universit
Northridge

» Each surface will have similar resistance

23

Three-Surface Circuit

» Multiple surfaces Favy
done more '
easily by looking IR= o
at system of T ’
equations Eye

24

California Seate Universit
Northridge
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Radiation Exchange Equations

+ Equation A Q Aii ( bi —J; )

. EquationB O, =ZAiFij(\]i -J,)

1'61(2( ZAiFIJ(‘] —J; )

i,
'\orthrldg.,e

25

May 2, 2007

Radiation Exchange Equations Il

* Eliminate Q from equations A and B
Q= A*S' ( Ey —Ji)= ZA.F,,( 3;) i=1...N

» This gives N S|multaneous equations to
solve for N values of J;

+ We first find the areas, A, and view

factors, F;, and emissivities, ¢,

* Know E,; = oT#

i
26

Califieni Seate University
Northridge

Radiation Exchange Solution

» Two possible surface conditions: (1)
known temperature (2) known Q;

Q= A|8, ( E, _J) ZAIFIJ( ) i=1...,N

@ Ji( ”J ;J;=E, =0T’
RN & 3L golve this set
N of N
@) ( > A Fij} Z AF;J;=Q  simultaneous
j=Np 1, ji j=Np 1, ji equations for
9 .“i&‘ N values gf J;

Radiation Exchange Solution Il

* Once all J; values are known we can
compute unknown values of T; andQ

— For known T,
 _ AEi A 4
; -J;)= T" —J;
QI 1 SI ( b ) 1_8| (G 1 I)
— For known Q;

1

By, = Ji el QG = Ti=—4 e
) Agi G

Ak

Q

28
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Califieni Seate University
Northrlidge

Three Surface Enclosure

* Have three equations (known T case)

1-¢; 1-¢;
{ ' ZF'JJ ZFIJ j=Ep =0T}’

& j=1, j=i & j=1, j=i

|:l+ 1—61 (F12 + F13):|‘]1 _1_761 F12‘]2 _1_781 F13J3 = O-Ti4
& &

& 1 1

1-¢

Fud, +{1+ 1% (F21 + Fzs)}‘]z _1_782 Fpdy = C"T24
2 2 &,

29

Califoenis Seate Universit
Northridge
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Three Surface Enclosure I

* General equation and third equation

1 € 1-¢; N 4
i ZF'J D Fijdj=Ey =cT,

& j=1, j=i & j=1, j=i

FyJd, _1_783 F,J, +|:1+ 14 (F31 + F32):|‘]3 = O-T34

3 &3 &3

* Find coefficients and use linear
equation solver to find J,, J,, and J,

30
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