13.2

RADIATION EXCHANGE BETWEEN SURFACES

ENCLOSURE enclosure consists I Net radiative flux Ak Assumptions:
of N surfaces ener; curfac i
Af A g A Z 9 = 0 ba laiie at the surface & * \ 7 Each surface A is
Ay A Ay k=1 has to be \ Ieradiation — isothermal at T,
supplied (q; >0) / G, — diffuse
or S — gray with &, =@,
removed (q; <0) Radiosity . -
4 P = J, Radiosity — with uniform radiosity J,
G g =J = G (13.9) to maintain ! R . '
steady state — non-participating medium enclosed
— al view factors [F”] are defined
, net rate of o J =(1 — surfaces at the same temperature
. =€, )G, +&.E
4qy gy Ak heat transfer radiosity K ( K ) K Kbk and emissivity can be considered
to the surface A, emissive power p as a single surface
ofaBBat T, Ebk = OJI}c — system is at steady state
NET RADIATION METHOD System of N equations, which include g, ¢;..... ¢, and E,,, E,,..... E,,: only N quantaties can be chosen as the unknowns:
(either q; or E,, for each of the surfaces)
q; 1 1 1
a ” ” ro_ _
P —1\Fyay — | 1 |Faq = | =1 |Fyay = F, (Ebk _Ebl) + ot By (Ebk _EbN) (NRM)  k=12...N
gk 6‘1 82 6‘N
Let be ” then emissive powers ” then surface temperature then for each surface ”
. 9 corresponding to @ plug them E“ corresponding to TI the net flux q, and T] 4
given: | Sponatng E into the Solve the ” sponding ” L T
2 given temperatures ~ —»> b2 = 2 emmisive powers 9, temperature T, 20 4
. NRM NRM for: . ) .
can be evaluated: can be evaluated: is known :
system 1
” ” ”
T, E, = O'T: E,y dn T, = (Ebk /o-) 4dn Ty, qy
BLACK SURFACES N N P the NRM system is
” 4 — .. .
£ g = —g =1 4y ZF]‘/ (Ebk Ebj) O-ZF}g (’I}( —Tj ) (13.17) k=12,.,N explicitely solved for
! 2 N J=1 Jj=1 net radiative fluxes q;
L1002 LEADTIANININGG SIDL0ACLD terms with g, dissapear in the system (NRM)
ADIABATIC (INSULATED) SURFACE re-radiates emissivity of insulated surface €, does not influence radiation exchange
incident flux
J, = G, temperature of insulated surface T, can be found from (NRM)
_ _ (13.18)
2- SURFACE ECLOSURE _ 7. 4, = —4,
q, = 4, 1 4 4
. , e = . A , o(T -T})
; : % =4q, A =-q, -4 & ==q a4 =
) A, LN, L1 )4
a@—> <~ it ke e N
: 8] 12 82 AZ
View Factors: Fi Ea
4 4 - F, Fy = 1-F,
21 22
PARALLEL PLANES (13.19) CYLINDERS (73.20) LARGE CAVITY (SURROUNDINGS)
V4 . . O'(T,4 T;) 0 .- O—(Tl“ —T;) Stefan-Boltzmann Law:
AR Y (1)) 4 = go(17 1)
” L £ * £ " £ * £ A =0
N g 1 2 i 2 n A -
with one insulated
3- SURFACE ECLOSURE diati
re-radiating) surface
( g) surft o (]’}4 T24 )
q; = (13.25)
i b
0 B 1 1 1 )4
4, +4, + =0 = 4, =-q S1 |+ S+ -1
4 & - J{ 1,14 j & )
r_ ” . 12 T
9 =49 F; Fy; A
AZ
. ; ~
insulation
» 1 ” 1 , E, 14
k=3 g;=0,(NRM) = —|——1\F,q, - |—-1|F,q, = F, (Em _Em) +F, (Eb3 _Ebz) solve for E,; and then T; = o
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