CONFIGURATION FACTORS FOR

SURFACES TRANSFERRING
UNIFORM DIFFUSE RADIATION

configuration factor, view factor,
angle factor, shape factor

e Between two differential area elements

e Between a differential element and
a finite area

e Between two finite areas

e Methods of configuration factor
evaluation



Between Two Differential Area Elements

differential configuration factor

dA
: energy intercepted by dA,

dF, . q,=
92 energy leaving dA, hemispherically




Qui =] |, 1,,dA cosé,dAdw,
= [ i,dA cosf,dw,

Qy1a2 = | 1,,0A cosb,dw,d A

= 1,dA, cosf,dw,
do, = dA, cc2)56’2
S dA
JE 1,dA, cosf,dw,

102 [ i,dA cos6,dw,

_ ,dA cos@, dA,cosé,
[ i,dA cosfdw, S’




,dA cos@, dA,cosd,
[ i,dA cos@dw,  S°

dl:dl—dz =

when 1, Is iIndependent of 6, ¢
(diffuse radiation)

Qy, = [ i,dA cosdw, = 7i,dA
radiosity:

J=[ ["i,,cos0dAdw = [ i cosfdm, i,, =i, +i,,

for a diffuse surface, J = 7l,

d1 — ”ildAi = ‘JldAl



le—)dZ = |1dA1 COS Hld W, = \Jldﬂ\1 COs Hlda)l
T

C0s @, cosd
=JldA1 72'182 2 dAZEJldAldFdl—dz

Thus, dF,, ., = Qyisaz _ C0so, CSSHZ dA,
le TS
Similarly,
Cosé, cosé
Qqzsa1 = J,0A, ——=dA,
TS
dFy, 1 = €056, C0S0, dA,

7 S*

Reciprocity dAdF,, ,, =dAdF,, 4



a2 Two elmental areas located on
parallel strips

~ cosé, cosd,dA, cosé

Ldw,, S* =17+ X°

dl:dl—dZ — 72'82 T

lcosg __lcosp
C0SH, = S _(I2+x2)1/2




projected area of dA,
~ (projected width)(projected length)
= 2

dw,




dw,




cosé@
dFy,_4, = : dow,

T

| cos B 1°d Bdx

1/2 3/2
7z(|2 + x2) (I2 + x2)

~ I°cos gd Bdx

2
7Z'(|2+X2)




dA; and long parallel strip2

wtripz

B = _ £ cos Bd Bdx
dl-d2 5 2
o ﬂ(f +X2)
dA,
PcosBdB [*  dx
dl:dl—stripz = T . (Z2 4 X2)2
Cosﬁdﬁ 1ol(s,mﬁ)

dl:stripl-stripz — Ed (Sin ﬁ)



Ld g =d&cos(a + B)

décos(a+ B) d& Xsina
L L L

dg =

L* = x° + &% —2xEcosa, COSpf = s Sina

1 X&sin‘a 1 XESin® a
dI:dx—d§=_ 5 d§= 5

2 U 2(x2+§2—2x§cosa)

a7 08



Between a Differential Element and a Finite Area

cosé, cosé

dA, le—)dz = ‘]ldAl 72 : dAz
cosd, coso
Qusore = [, J0A——0A
cosé, cos6’
=J dAl_“ “dA, =J dAJ AR, 4

cosH Cosd,
d
wS* %

Fyis = IAZdFdl—dZ =I



cosé, cosé

Qd2—>d1 = szAz : dA1
S°

cosé, cosé

Q2—>d1__‘- Qd2—>d1_j J,dA, 72 2dA,

Assume J, IS uhiform over A 5 then

d Cosé, cosé’
Q2—>d1=‘]2A2 Alj 2dA2 J Azsz d1

- d cosé, cosé
0,0 = ] ZdAz—%Fdl_z

Reciprocity AZdFZ—dl = dAlel—Z




cosé@. cosd
|:d1—2 =j‘ : 2 2dA2
A TS

dA, = dxdy

A,

/7%

C 91 S

S A 02
dA,

y C
X.Y) cosé, =cosé, = —
a C S

X/ b b/ a C2
Fo1os =J‘ 2dXdy
0J0 g7
. _

=\/x2+y2+c2

(x2+ y2+cz)

a " b
Sin

27T

+

Ja?+c? Ja?+b?+c?

b .1 a

sin
Jb? 4 ¢ JaZ+b2+c?




Between Two Finite Areas

cosé, cosé
7 S* ~dA,

Qd1—>d2 = JldAl

J, . J, Isuniform over A, A,, respectively
Cosé, cosb’

Q1—>2_I j J,dA G2 “dA,

C0osd, cos6'

“dAdA =J, AR,

-3a ],



_I j- C0Ssd, cosé’ZdAZOIAl
Similarly
1 cosé, cosé
F21=_IA1IA2 rS? “UAdA

A,

Reciprocity AF,=AF,



RN

2

S

cos @, cos
T



r R A — _
2~ 2 Cos@, =cosb, =

> I
7 i dA, =rdy.dr, dA, =rdy,dr,
d ¥4 N dA2
NS h
R, ||
‘\;)0 _Y_ SZ h2 + |2
» =h’+r’+r; =2rr,cos(y, —w,)

ther
F, = zj‘ I j‘ I drdl//zdrdW1
TR

1 where :
1, 1+7 R R
771 6 7712 771 h 772 h




View factor relations
N
AR = AR, ZFij =1
j=1

F..F,,F,.F,

11+ 7 1277 21

F, =1

A
|:21 I:12 |:21
Ak, =AkF, > A

F.+F,=1—->F,=1-F, =l—%



Methods of Configuration Factor

Evaluation

e Direct integration
Area integral
Contour integral

e Flux algebra

Cross-string method: 2D only
Decomposition of shapes

e Sphere method
Unit sphere method: only from
a differential area
Inside sphere method



1) Contour integration
Cosé, cosH
Fyio = IAZ

Zd'A\2

cosé,

Cosd,




INn a cartesian coordinate system (X, v, 2)
ds, = dx,i +dy, j +dz,k

rz—(x —x)2 (y2—y1)2A+(zz—zl)2A
- (x—x)|+(y2 y,) i+(z,—2,)k,
A, = £+ m,j+nk



2

Fdl_z =2£_71T¢C2 (Zz _ Zl)dyz ;(yz — yl)dz2

+ﬂ (X2 _ Xl)dZZ _(22 _ Zl)dxz
272- c, r2

n o (Vo= Y1) dx (% - % )dy,

41
272' C, r2



AR, = jAl Fa120A,

_i I (yz_ yl)nl_(ZZ_Zl)ml )

= CZ_IAl > dAl_dx2
i i (22_21)€1_(X2_X1)n1 )

+—9, _IAl x dA, (dy;

T 2

1 i (XZ_Xl)ml_(yz_yl)gl )
dA, |dz
27T 7 _IAl r Al_ ;




j'Al (yz B yl)nlr_z(zz B Zl)ml dAl

=IAlﬁ1°(VX\71)dA1 =¢.V,-ds, =¢_Inrdx,

where V, =iInr, V=fi+]i+|2ﬂ

OX, 0y, 0z,
Similarly

(z,—2,)0, — (X, — x;)n 7 .dg

J‘Al (Xz — Xl)ml ;(yz — yl)zl dAl — ¢c1\73 .d% = ) In I’le

I
where V, = jInr, V,=KInr




AF, _ L ( In rdxl)dx2

27 °

1
+z C, (¢C1 In rdyl }jyz

+% CZ( A In rdzl)dz2

_ %4%1 §. (Inrdx,dx, +Inrdy,dy, +Inrdz,dz,)

where

= \/(Xz — X1)2 + (yz — y1)2 + (Zz o 21)2



|
(bcosé,, y,, )

: -NXZ’ v 0 bpose\

2

(a, 0, 0) —Y
_ﬁ (bsin@, bcosé, c)
dA

X 1
1 XN ) o
Fd 1-2 = _¢ > ) d32
27 J ¢, I

F,=(x,—a)i+y,j+ck, A =k

ds, =dx,i +dy,j, r’=(X,—a)’+y?+c?



(T x 1y)-0S, = (o1 =(x, —a) ) -(dx,i +dl, )
— Y2dX2 — (Xz — a)dyz

F — i yzdxz B (Xz B a)dy2
di1-2 — 2 2 2
2w I, (X,—a) " +Yy,+C




Integral along the arc

i yzdxz — (Xz — a)dyz

o Yo, (X, —a)? + y2 +C°
(bcosé,, y,, C)

\|<L»| y
b\:osﬁor 712 -6,

(bsin@, bcosé, c) Y, = bsiné,

X

X, =bsing, y,=bcosé
dx, =bcos@dé,

dy, =—-bsin@dé
y,dx, = b®cos® 6dg
(Xz o a)dyz

= (bsin@ —a)(—bsing)dé
=—(b”sin’@ + absin8)d@

J- _ZJ-Z b’ —absing
o 7 g a°+b*+c”—2absing

.
=50 5 ° abcosd' — b’

/

6, a°+b*+c*—2abcosd’



integral along the straight line
i yzdxz — (Xz — a)dyz

F =
(bcosé,, y,, C) a2 = 5 . (Xz—a)2+ y§+02

X, =bcosd,, dx, =0,
X, —a =DbcosH, —a

(bsin@, bcosg, c)| y, = bsiné,

X
bsin &, —bcoséd. + a
J- = 2_[ 2O 2 2dy2
> o (bcos@,—a) +y,+cC

bsing, dy2
=—2(bcos€0—a)j ———
o  (bcosg,—a) +y,+cC



2) Cross-string method : 2-D only

A1F12 = Az I:21
As Ak, = AR,
Az F23 = As Fsz

Fy=F,=F;=0
Fo,+F,=1 F,+F;=1 F;+F,=1

6 unknowns and 6 eguations

~ _A+A-A  _  ATA-A
12 2A1 ) 23 2A2




. |:14
| N 2ab
b

ab+ac—bc+ab+bd —ad
F,=1-
2ab

RN O T2 =1 P~ P

N ab+ac —hc
A3,' R :A4 F13 = 2 b

: /// N : 4

» _ab+hd —ad

_ (bc+ad)—(ac +bd)
2ab




2[RO+1]-2[R+D/2]
12 = 7R
Sin@ = R
D/2+R

I v 1/2 1/2
=|(DI2+R)*-R*| =(D’/4+DR)

1/2
2 D—+ DR| +2Rsin™ R —(D+2R)
4 D/2+R

TR
D
E 2—~1+sin™ 1 1 —X| where X=1+—
7T 2R




3) Decomposition of shapes

F,, = known
F,=7
F

14 = known
F,=F.,+F,
A=A+ A, F, =k, —Fy,
Remark: Fg.4 #Fy+Fy
Faea1 = A Figuy = s [F +Fy]
Acuy

A A
= alfe I:31'|'_4|:41 _iF31+_4F41

A A A YA A,




1
{
1
I
i
i
1

i
ey

06 081

0.4

0.2

0.1

ZIX



Cross reciprocity A,F,, = A2F23

Dl =

I:(1+2)—(3+4) = |:(1+2)—3 + |:(1+2)—4

A
= - |:3—(1+2) + . |:4—(1+2)
A(1+2) A(1+2)
A
= - (F31+F32)+ . (F41+F42)
1+2) 1+2)

A3F32 = A4F41 = A1F14 —> F32 Al F14, F Al Fl4
A, A,

I:(1+2) (3+4) A3 (F31 + ﬁ I:14) + A4 ( Al I:14 + |:42)
A(1+2) A3 A(1+2) A4

A(1+2) |:(1+2)—(3+4) - A3F31 - A4 |:42)

1
F, =ﬁ(



A known configuration factors
4 :

A3 I:(1+3)—(2+4)’ |:(1+3)—4’ |:3—(2+4)’ |:34

.
=
0..
.
‘e
*e
‘e
‘e

|:(1+3) —(2+4) — |:(1+3) 2 + |:(1+3) 4
= (F21+F23)+F(1+3) o Fu=—=F;,

- P p

2-(143) T |:(1+3)—4

A A ) A A,
F;_ (244) — Fy + Fy = A3 Fo+Fy = Fy AQ (Fs—(2+4) — F34)
|:(1+3)—(2+4) = :123 _j:i F12 + %( |:3—(2+4) — I:34) + |:(1+3)—4

A13 |:(1+3)—(2+4) + A3F34 _ A3F3—(2+4) _ A13 |:(1+3)—4

I:12 = A1




4) Unit sphere method

(only from a differential area)
dA,

CoS@, cosf
I:d1—2 =I : 2 2dA2
A, TS

=£I cosf,dw,
7T A,







5) Inside sphere method

C0S@, cosé
Fdl 2 =IA2 : 2dA2

- 7S’
S
Cosf, =cosf, = —
2r
—dA; 7 Jadxr? 4mr? A

Ay
_1 L[ Bga 2B A
Fa= |, Foth = | RO =2 =0

Ay



. dw =sin@d@dg

0

r2singdedg

A =2zr*(1-cosd,), A, =z(rsing,) = ﬂrz(l—coszﬁl)



Fu+F,+Fs=1

Fu+Fy,+Fs=1

Ac Thus, F,=F,

Fu+Fs=1
AL
3

Thus, |:41 = |:43

— Fu =
A A A A, A
AF, = AR,

A A A
F,=F, = =— |:43=_4i|:34 _iF\’M



A, =

1
2721 (1—c0s8,) 1-cosé,

- 7zr2(1—(:os2 6?1) 2
r(cosé, +cosd,)=h
rsing, =r,
rsing, =r,

A =2zr?(1-cosé,)
r?(1-cos® 6,

_1-cosé,
1+cosé,




Problem 6-18




F

(1+2+3+4)—(5+6+7+8) A(
_ 6+8)

= =

=F (5+7)-(2+4) — A( (6+8)—(1+3)
5+7)

(1+2+3+4)—(5+7) + |:(1+2+3+4)—(6+8)

_ A(5+7) F 4
- (5+7)—(1+2+3+4) 6
A(1+ 2+3+4)
A(G 8) °
+———F

(6+8)—(1+2+3+4)
A(1+ 2+3+4)

_ A(5+7)
A(1+2+3+4)

A(5+7)
- |:(5+7)—(1+3)
A(1+2+3+4) 5+7)

+ A(6+8)
A(1+ 2+3+4)

A(6+8)

+
A(1+ 2+3+4)

(F(5+7)—(1+3) + |:(5+7)—(2+4)) (F(6+8)—(2+4) + I:(6+8)—(1+3))

ACOYE

(6+8)—(1+3)

(F(6+8)—(2+4) + |:(6+8)—(1+3))



2'A‘(6+8) F

(6+8)—(1+3)
A(1+2+3+4)

—F A(5+7) F A(6+8) E

(1+2+3+4)—(5+6+7+8) A( (5+7)-(1+3)
1+2+3+4) A(1+2+3+4)

(6+8)—(2+4)

=

(6+8)—(1+3)

. A(1+2+3+4) A(5+7) F 1 F
= 2 (1+2+3+4)—(5+6+7+8) 2 (5+7)—(1+3) _E (6+8)—(2+4)
A(6+8) A(6+8)




= A p

5 (2+4) — E 6—(1+3)

= =F

(1+2+3+4)—(5+6) (1+2+3+4)-5 + |:(1+2+3+4)—6

A . AL

- —(1+2+3+ —(1+2+3+
5-(1+2+3+4) T 6—(1+2+3+4)
A(1+2+3+4) A(1+2+3+4)

As

A(1+ 2+3+4)

A

+
A(1+2+3+4)

(FS—(1+3) + |:5—(2+4)) (F6—(2+4) + I:6—(1+3))

A (e AL A

A(1+2+3+4)

5-(1+3) + 6—(1+3) + (FG—(2+4) + |:6—(1+3))
A5 A(1+2+3+4)



2
5% F o =F

6—(1+3) (1+2+3+4)—(5+6)
A(1+ 2+3+4)

A A

5-(1+3) 6—(2+4)
A(1+2+3+4) A(1+2+3+4)

6-(1+3) — 2A, (1+2+3+4)—(5+6) _ﬁ 5—(1+3) _E 6—(2+4)




_ A(6+8)
(5+7)-4 — A F(6+8)—3
A(5+7)

F(3+4)—(5+6+7+8) = |:(3+4)—(5+7) + F(3+4)—(6+8)

_ A(5+7) A(6+8)
- |:(5+7)—(3+4) + |:(6+8)—(3+4)
A(3+4) A(3+4)

A(5+7)

= ( |:(5+7)—3 + I:(5+7)—4)

A(3+4)

+ A(6+8)
A(3+4)

( |:(6+8)—4 + |:(6+8)—3)

Aol L Asepe | Aes

A(3+4) e A(5+7) o A(3+4)

( I:(6+8)—4 + |:(6+8)—3)



2'A‘(6+8)
— —  F B
A(3+4) (6+8)-3

A(5+7) A(6+8)

(5+7) 3 (6+8) -4
A(3+4) A(3+4)

=F

(3+4)—(5+6+7+8)

A(3+4) F A(5+7) F 1F

(6+8)— 3= (3+4)—(5+6+7+8) (5+7)-3 (6+8)-4
2'A‘(6+8) 2'A‘(6+8) 2



= =F, ., +F

(3+4)—-(5+6) — " (3+4)- 5

As A

= |:5—(3+4) + F6—(3+4)
A(3+4) 3+4)

(3+4)-6

= A (F53+F54)+ A

3+4) 3+4)

= A (F53+i|:63j+i(|:64+|:63)
A(3+4) A5 3+4)
2
A6 I:(3+4) (5+6) AS F53 — A6 F64
A(3+4) A(3+4) A(3+4)

F A(3+4) —iF _EF
63 2A6 (3+4)—(5+6) 2A6 53 2 64

(F64 + Fes)




=

(6+8)—(1+3)

_ A(1+2+3+4)
_ (1+2+3+4)—(5+6+7+8)
2A(6+8)

— 2 (5+7)-(1+3) E (6+8)—(2+4)
A(6+8)
6—(1+3) — 2A, (1+2+3+4)—(5+6) 2A, 5—(1+3) _E 6—(2+4)
— M = M F 1 F

(6+8)-3 — (3+4)—(5+6+7+8) (5+7)-3 (6+8)—4
2'A‘(6+8) 2'A‘(6+8) 2

Asa) A 1
Fes = K F(3+4)—(5+6) - E Fg; — E Fe,



F(6+8)—(1+3) = F(6+8)—1 + F(6+8)—3

= A F

= 6
(6+8)-1 1-(6+8)
A(6+8)
5
= (F16 - F18) = F(6+8)—(l+3) - F(6+8)—3
A(6+8)
6—(1+3) — 2A6 (1+2+3+4)—(5+6) 2A6 5—(1+3) _E 6—(2+4)
_ A(1+2+3+4) A5 1
F61 + F63 - 2 Ae F(1+2+3+4)—(5+6) - 2 Ae I:5—(1+3) _E F6—(2+4)

— A(1+2+3+4) F A5 F 1

- see) == Fo vs) == Fe sy = F
61 2A6 (1+2+3+4)—(5+6) 2A6 5-(1+3) T o | 6-(2+4) 63



_ Ag A(1+2+3+4) E —iF 1
'A‘1 2A6 (1+2+3+4)—(5+6) 2A6 5—(1+3) E

|:6—(2+4) - F63i|

y \1+2+3+4) A5
(1+2+3+4)—(5+6) iy ———Fe o ——F
2A 2A, W op EEH A



=

16 —

A(1+2+3+4) F _iF _il:
2A1 (1+2+3+4)—(5+6) 2A1 5-(1+3) 2A1 6—(2+4)

ach Ay 1
— A1 ( 22\:) F(3+4)—(5+6) _E F53 _E F64

A(1+2+3+4) F _iF _iF
2A1 (1+2+3+4)—(5+6) 2A1 5—-(1+3) 2A1 6—(2+4)
_ A(3+4) F AS A6

2A1 (3+4)—(5+6) T o 2A1 53 "'ﬁ 64



A
A(6+8)

(Fl6 - F18) = F(6+8)—(l+3) - F(6+8)—3

Fi = Fu _%( F(6+8)—(1+3) - F(6+8)—3)
_F, e ACOYE

'A‘1 (6+8)—(1+3) 'A‘1 (6+8)-3

A(G 8)
AJlr |:(6+8)—(1+3)

— A(6+8) A(1+2+3+4) F MF EF

(1+2+3+4)—(5+6+7+8) (5+7)—(1+3) (6+8)—(2+4)
A 2A6u) 2Ae.s) 2

_ A(1+2+3+4) F _ A(5+7) F _ A(6+8) F
2A1 (1+2+3+4)—(5+6+7+8) 2A1 (5+7)—(1+3) 2A1 (6+8)—(2+4)




A(6 8)
AJlr F(6+8)—3

+ + + 1
_ A 8)( Az1a) = hp _F(6+8)4J

(3+4)—(5+6+7+8) (5+7)-3
Al 2A(6+8) 2A(6+8) 2

_ A(3+4) F A(5+7) F A(6+8) F

2A1 (3+4)—(5+6+7+8) 2A1 (5+7)-3 2A1 (6+8)-4



. A(1+2+3+4) F

F.= _ 4
18 2A1 (1+2+3+4)—(5+6)

A As 5
_ﬁ |:5—(1+3) - ﬁ F6—(2+4)

Asra) A A
S F(3+4)—(5+6) Fss"‘ 64
2A 2A 2A

_ A(1+2+3+4) F A(5+7) F A(6+8) F

_ _ +—— _
2A1 (1+2+3+4) (5+6+7+8) 2A1 (5+7)—(1+3) 2A1 (6+8)—(2+4)

+ A(3+4) F A(5+7) F A(6+8)

i Ry s~ Fioyg
2A1 (3+4)—(5+6+7+8) 2A1 (5+7)-3 2A1 (6+8)-4



