CFDyna.com has not made any contribution in the derivation of analytical form of view factors for given standard configurations.

View Factors

This section deals with the Analytical Solutions of Shape Factor available for some simplified geometries

emits radiant energy which directly strikes surface 2
to the rate at which surface 1 emits radiant energy.

With emissivities e; and e,, total transfer function is.

allowing for multiple reflections

. eey F

e 1 J. J. cos®O, - cosB,da da,
T 2
A4, r
Fraction of radiation from A1l striking A2 EF., = L
12 A )
. . o _F
Fi_,: This is the ratio of the rate at which surface 1 Fraction of radiation from A2 striking A1 Fy = T
2

Given below is the summary of analytical calculation of view factors for some regular shape. However, this is just for the reference and we have
not made any attempt to veryfy or derive the equations. Hence, the respective caculations are (copyright) of the original authors.

1-F, Fy (1-¢)-(1-¢y)

1 Finite Parallel Plates of Equal Size and Coplanar Edges
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4 Rectangle to Rectangle in Parallel Planes: CG non-collinear
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5 Rectangle to Co-axial Disc in Parallel Plane For 0.0€Z<2.0 0.1 5<2.0 0.1<0<10.0 brae eror £12.03%)
_ L0152(1+ £ (14 554)
AT (1 F ) 2T 4 (14 0) T - 0.0175
S 20100 2.0< 8100 0.1< 3 <2.0 (mar eror +12.55%)
3.2718(1+ o)
2= 0495
o Ay [DUES+(5£)
/i/“éw CzO= =100 205 <100 2.0 <0 <100 (mar eror +11.42%)
Rl — 1.1947 (14 £249%) (14 58°%)
4+ F i 20405
A B L 14 2FB) (14 50902) (DR g% g L% 3 4739
P ( ) ) )
S0l R0 205100 &7 <2 <10.0 (mar aror +18.649%)
2= 309320 1F [ 51 4 (1Y 4D 4 0P 4 OV [ (b 4 o ghaess ) 28T
6 h [mm] 100
ol | [mm] 100
P -1 w [mm] 100
) H=hl W=wl H -] 1.00
e
| 1 gt 1 TE T 1 1 W [---] 1.00
. = —I(F —+H ——H W I
T 2y Fe e T e K, [ 0.70
h w2 2 K
[1+W2J(]+H2J W2(1+W2+H2j HZ(H-HE +W2j 2 [ 133
1| ‘ i P o ALY ) Ks [ 0.750
PR E— 1+ 4 B [[1+W ][W H ] [1+H ][H e ] K, = 0.750
Ks -] -0.072
Fise [--] 0.200

7 Rectangle to Rectangle in Perpendicular Planes
(All boundaries are either parallel or perpendicular to the (x,y) and (€,n) plane

1 2222 [#+ j+k+) J
Foy=— -1 Gx Framles
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ol (r-m(x?+ &) an {12%2)12
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8 Two rectangles with one common edge and inclined angle ¢
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I3 BJ xB a) =B T

_'_sn'an)sm2CI>A‘D tan- Acced +tan B —Acosd
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9 Two Rectangles in different planes inclined at angle o
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10 Finite area on Interior of Rectangular Enclosure to Second Finite Area
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27 =) o d
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z 2 22(22+BZ+1)

4B .
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11 Right angled Triangle to Perpendicular Rectangle with Common Edge (ASHARE)
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w Az
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12 Isosceles Triangle to Perpendicular rectangle with One Common Edge: (ASHRAE)
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13 Finite Disc in Parallel Co-axial Disc of Unequal Radius

I [m] 1.00
- _ ; o - ; 2 2 7] [m] 1.00
i Let Ry = ri/h, Ro = r2/h, and X =1+ (1 +R3) /R{. - o —
h ! 1 [ Ry [--] 2.00
Fie = 5 [ X - X2~ a(Ra R 2 R, = 200
" - X ] 2.5
r Fio [--] 0.61
14 Concentric Spheres
Concentric spheres:
Fiz =1, Fooy = (11 /12)?, Fop=1—1(r/r)?
15 Infinite Geometries
Parallel Walls with Equal Width
el 2
— h™© h
| 1 Fre=Fe =1+ (5) - (5)
15a
1 ¥
/v\ Angular Co-edge Walls
W i
T/ o Flop = Foog = 1 —sin{e/2)
15b
A,
-—_,*J
Perp Co-edge Walls A=hw
2 [ .2
15¢ rl [ P ?1+(3)
| L =T w ¥ w
e o —l
iangular Enclosure: Plane or Convex Surfaces
L = (4 Ap — Az)/2A A+1-(4'+1-24 v
3

Plate & Cylinders

r
15 L - —_ _ v 1 b _pa Infinite plane to row of parallel cylinders, or
c ;#@7 Fi2 = b—a [tan o —tan rows of in-line cylinders
1 D=db
b ——s

I

Ly
%
llel Cylind H
| | v T fetX =1+ s/D. Then: N * \OT
15f - 1 1 S 3
Fiop = Foy = — [\-"Xz — 1 +sin~! = —X] or
I~ 15 i ;
D s D )
—
Concentric Cylinders 172 1 D2 12
f2 _ " 5 2:1—[1—D2] + Dtan—1[12
Fi=1, Foy = — and - Dz
159 e " For nrows of in -line pipes :
Foo=1-Fy3=1-— g
r 2-2 2-1 =1-[1-
2 Y2 Fl-nirows ! (1 Fl-lj
Infinite plane to first, second, and first plus second rows of infinitely long parallel
tubes of equal diameter in equilateral triangular array
R Firomt | F1-2nd R F1-front F1-2nd R F1-1ronl F1-2nd 85 o O (g/P/(
- row row - row row - row row O O O O @
1.5 [0.8154 | 0.138 4.0 0.3613 | 0.2008 | 6.5 | 0.2298 | 0.1574 = .
2.0 0.6576 | 0.1953 | 4.5 0.3243 | 0.1916 | 7.0 0.2142 | 0.1503 N
25 05472 | 0.214 5.0 0.2941 | 0.1824 8.0 !
3.0 0.4675 [ 0.2149 | 5.5 0.269 | 0.1735 9.0
3.5 |0.4077 | 0.2093 6.0 0.2479 | 0.1652 | 10.0
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16 2D surfaces, infinite in one extent CROSS-STRING METHOD

1
2w,

Flz =

W, = Arc length along surface-1

S W,

|(ac +bd)—(ad+ bc)‘

17 View Factor of Cylinder Wall w.r.t. Individual Cap

H=nh/2r
A= 2};{[1“&/2 s —HJ h [m] 0.50
Az r [m] 1.00
N . = (4 8= [1+ 22 J* H =] 025
° Fise -1 0.39
A Foo | [ 0.22
h Fo [--] 0.39
i ¥ Fos | [ 0.39
Fiss [l 0.61
18 Two infinitely long parallel plates of different widths: centerlines of plates are connected by perpendicular between plates.
B =b/a C=cla a [mm] 50
b [mm] 200
T c [mm] 400
1 B [mm] 4.00
br K Jol :E[\/(B+C)2+4f\/(ch)2+4] s i 300
I Fie | [+ 048
3
Az
19 Disc to Co-axial Cone: S =s/r;; R=ry/ry; X=(S + Reotw)
A=[X2+(1+RA" B=[X*+(1-R)Y" R = %{Rﬂ + X741 —[(1 + R+ g1 —4R2]m}; o 2tan'lé
C = (cosa + Ssina)”%; D = (cosa - Ssina)'’?
£ = Recota - S 1 e o . on
Fig= 7{— ABtan? 2 (14 s tan S+ 0 [rgrant Y
7 B0 D cos'e &
+ 5 ant F2 (C,‘D)’[tan‘li —tan'li] ]
5 Jois} oD
+ [M - SRtanzz] cos™ (—Sta.n a)}, z <tan™ l
i 20 &
20 Annular disk to coaxial truncated cone; cone can be convergent (+o) or divergent (-ar).
A, A =hir;; R=
| 2 H=nh/ry; R=rafry B, - 1 . {—A.Btan_1£+(cD)2 tan'lg
A=[H?+ (1 +R + Htano)%"? zf1-&7) BD c
B =[H*+(1- R - Htano)?]'"? , fina [[H2 JRERY LBVt
C=(1-R" D=(1+R)"% E=cos’w1 - R) cos® o tan & H B

2
+[ HQ +HRtana]cos’lR}
2ros’ &

g =Zﬁﬂ[‘qi +R32 +H2)3 7(2R3R2)2]w
2
S R0 BTN B o R

NC O i (B —(2&)“]“}

21 Ring to parallel coaxial ring H =a/r;; Ry =r./riApplicable to both the cases.
) Rs = ra/r; Ry =ry/ry - %ﬁ
P> A

1 2 2
P :5{R§ R R0 L) SRPR] ot (BT B }
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22 Annulus to coaxial annulus of different outer radius; both annuli have inner radius of blocking coaxial cylinder
- R; = ri/h; Ry = ro/h; Re = ro/h; A = Ry%-R,2 B [m] 1.000
= R,-R2; C=R,+R;; D=RR;; Y=A"2+B"?2 Iy [m] 1.000
N re [m] 0.500
A1 h [m] 0.500
h R [ 2.000
I
A2 § J' R, [ 2.000
Yy Re [ 1.000
: A [m?] 3.000
= cos_l K + as T i +1R | tan ¥ — tan 1 AY —tan T BV B [mz] 3.000
2 kR 2R C [m] 4.000
K D [m] 0.000
(L+c® v -]
- [I 1+C% )1+ D? |:|U2 tan ! R e Sy Y [] 3.464
[L+ D7 C° -7 K4 [--] 1.532
Food R s R w Ko [ 5.903
o T — . i j |
A +_; [1+. R+E \3][1+\ R-R| ]; tan™ [ ] Ks [-] 4.077
[1+. R-R) ]. B4R Ke - 4.077
1 Fil2 [---] 0.402
142 [1*'&*&‘]‘&-&' A 2 2.356
+-;[1+.R;+&u“][1+.&—R,w’]j- fan”™ . ! [m]
: [1*'%*55‘]‘5’:*%' A, [m? 2.356
Lo R . R . i E Fost -1 0.402
{use principal values i evaluating all inverse tng functions.)
23 Annular ring between two concentric cylinders to inside of outer cylinder, inner radius of ring e [m] 0.500
is equal to radius of inner cylinder r [m] 0.750
R; = ri/h; Ry = ro/h; Re = ro/h; A = Ry%-R.2 I [m] 1.000
B = R,-R%; C=R,+R;; D=R,-R;; Y=A"2B"? h [m] 0.500
R [ 1.500
fe v (= 1 F Sl [T I Py 4 1 R [-] 2.000
e 5[ —cog R_z] ER[Lan F-tan™ B ]— ECU. ?] Re [ 1,000
. 2 A -] 1.250
T i ot 0 a0 'l[ gr leﬂ - ] B [ 3.000
NI +07)c? - 1] N C [ 3.500
Az ' T 2 2T (Rn L1 D [-] 0.500
— EPl+r - ten
b m v m2liem - gy} Y7 F] R2+Fj Y ] 2.850
L " K [ 2.349
12| - e
f - (B2 - gl hen™ { [I Y,} } K [ 5502
L J Ks [ 6.575
Ky [ 2.569
Fioe [ -0.329
24 Disk in cylinder base or top to inside surface of right circular cylinder R =ry/ri; H =h/ry
2 (m] 0.500
T, (m] 1.000
172 h [m] 0.500
Eﬁg:l{lfszHz +[(1+R2+H2)2 74}22] } R -] 2.000
2 H [ 1.000
Fi2 [--] 0.236
25 Interior of finite length right circular coaxial cylinder to itself Ri=ry/h; Ra=ro/h
Interior of Outer Cylinder 5 r [m] 0.500
R -F+ cos_l[i] I [m] 1.000
% h [m] 0500
ALz g
1 S [|1+4R§|X|R§—Rf \] il [~ 1.000
R, = ? =\ 1+48; | tan Rz [--] 2.000
TR, 1 " K, -] 4.189
+2R tan”! [z| - 7 ] Ko ] 5.903
Ks [ 2.580
- F 1
(use principal values in evaluating all inverse trig functions) 121 - 0.138
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26 Interior of outer right circular cylinder of finite length to exterior of coaxial inner right circular cylinder
5 [m] 0.500
Exterior of Outer Cylinder n Interior of Outer Cylinder Ry=ri/h; Ro=ra/h; A=Ro+Ry; B=Rx-R, iz [m] 1.000
Aa A h [m] 0.500
( Y m2 e By nm _Zam R, [ 1.000
— 112 e 2 R, -] 2.000
-2 A ] 3.000
_ 1+ A4°)B
| 1 oRtan (R - B e a2 B2 ) tan {H} B = 1.000
| i l K, [ -0.524
| . | h K» = 2.094
l | | Ks [---] 4.077
—i L e R
— 152 .
1: \_{\ Aq [m? 3.142
A [m? 1.571
~ /
Foyt -] 0.465
Note: The symbols ry, r, and Ay, A, are not consistent
27 Interior of outer right circular cylinder of finite length to annular end enclosing space between coaxial cylinders
H=hry; X = (1-R3)"™ ry [m] 0.500
R=r/r; Y =R(1 -RZ-H)/(1 - R®+ H?) Iy [m] 1.000
Linterior of Outer Cylinder h [m] 0.500
H [--] 0.500
) ¥ oy R [--] 0.500
- -1t -1 2 X [--] 0.866
P = — {R[tan <~ tan ] in {28 -1) 2 = D58
s K [ -0.121
. X . [1+R2+H2 —4R2rﬂ .
—s1n'1R]+— Z v R|- ( ) I Ko [ 0.654
h 44 | 2 2 Ks [ 1.019
. (4+H2)1:"3 %, oo, 2R*HD spip? Ky [--] 1.476
4 o 4X2 T H? Fi2 [--] 0.315
A [m? 3.142
ABonom Annular Lid Ay [m? 2.356
Fosyt ] 0.420
28 Annular end enclosing space between coaxial right circular cylinders to opposite annular end
r [m] 0.500
n H = h/ry; R =ryo/ry rp [m] 1.000
} h [m] 0.500
{ _ A, ToplLid H [---] 1.000
! A3 Internal Wall m=1- [ - ][1 R(F,_, +2F, -1)] R [--] 2.000
h A R Fasa -1 0.138
| 4 External Wall Fasa [--] 0.230
A ! = -
2 Bottom Lid Fisz [--] 0.399
| As per Forumula - 22| F,_, -] 0.402
29 Outer surface of cylinder to annular disk at end of cylinder R =r/r;; H=hirp
A=H?*+R?-1; B=H?-R®+1 1 [m] 0.500
| Iy [m] 1.000
h [m] 0.500
K R [--] 0.500
B 1 Ay 1 [ [a+z)
A1 £, :ﬁ+2—{cos'l[§]—ﬁ ( ;3) —4} H [ 0.500
h T A [--] -0.500
. cos*[ﬂ] ;S B [--] 1.000
B 2RH Ky [--] -0.316
Ko [--] -0.083
Filo [--] 0.268
Countercheck 0.268
A2 A, [m?] 1.571
Ay [m? 2.356
Fosyt ] 0.178
30 Inner coaxial cylinder to outer coaxial cylinder; inner cylinder entirely within outer
|——x-l——l—--—~—24l X=xfriZ=z/r I=8/n  R=xln Fl_;=1+§Fx+%Fz—[L;X]F;+X—LZZF;+Z
1 1 1 1
7 AE:‘E- +R 71;.5’5:?; -R +1
N -f’\ V[ 1 2y "
| B + R
+ i I —1t FE:—E +L os_]ifl 7(‘42 5 ) - os:_l—Aig _ A sin! B
R S \ BRE 2= B 2% R B, 28R
Ee)] A \
!
/
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31 Parallel opposed cylinders of unequal radius and equal finite length

A:ﬁ{[c’—(lﬂeﬂm—[cﬂ —(1—}3)2]m +7rR+(1—R)cns'l(%]

~ (14 R) cos™ (%]}

2
co1-Leost[B]-L [(Yl+2}zﬂ2—(2xqg)2]l cos| 202
7 Z,) 2R X

+rsn Y 2 |-z
X )2
14

1 af 1 1 + 2y? 12
D:l—;}{cus [ZJJ—Z(}@R +2X2) —(24,)  cos (XJZJ

bt

12 oy - k3 23
112 ke - -
(c? -1" - El [g] 1| 3 +R2Y2sin—1X3—[7rRZ J]
X, = Al =R +1 2
sin 7| =
C

sm’l[i] 1 1 fE-x
=l——cos | ——
C T 0+x

5]

Yerr-xr+R g0+ X*-R?

32 Inner coaxial cylinder to outer coaxial cylinder; inner cylinder extends beyond both ends of outer

x —l—y 2
| P
Y
— -
I _[21 ' —
vy rt+ v
* —_——
a) \
X Z X+F Z+7F
Fa= +ZF1+ZFZ_ 7 ey T 7 Frz
L !
X=xln, Y=yin Z=zlnL=4in; R=5/x
A =B 4R -1 B =8 -R 41
2 172
B 1 oA 1| (A +2 _ R A
E&,:_E = Jeogt 2 & #,4 coslﬂi_f_ismlg
S8RE 21 B, 28| R B, 2&R

33 Outside of inner (smaller) coaxial cylinder to inside of larger cylinder; smaller cylinder completely outside larger

i
/ A _L+DF +Y+DF}'+D_2FD_L+D+YFI+D+}’

D=din, Y =y/n L=4/n, R=7/x
A =8 +R -, B, =8 -R +1

142

— 4 cos

FE* Z
8RE 2m B, 2% R

1 12
J— F, :7[)( —x,)-{x?-4r?
‘T e 1-2 4R(H2—H1)( 1 2) ( 1 )1
A +(X§—4R2)m]
hy
F R = r2/r1; Hy = holty, Ha = hyltp, X = H2 + R? + 1
h
|

2
B A A +2 R
g 1) et L (4: +2) AR

By

l
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