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NOMENCLATURE 

surface area; 
overall enclosure surface; 
cavity length; 
dimensionless cavity length, = L/R; 
cavity radius; 
diaphragm opening radius; 
dimensionless diaphragm opening radius, = RJR; 
radial coordinate; 
dimensionless radial coordinate, = r/R; 
absolute temperature; 
axial coordinate; 
dimensionless axial coordinate, =x/R; 
typical value of x’; 
positive number; 
thermal emittance; 
apparent thermal emittance; 
Stefan-Boltzmann constant. 

Subscripts 
1, refers to diaphragm; 
2, refers to bottom. 

Superscripts 
0, refers to starting functions in the iterative method; 
n, refers to the nth iteration. 

INTRODUCTION 
THE KNOWLEDGE of cavities apparent thermal emittance is 
of great practical interest in pirometry and in thermal 
radiation characteristics measurements where cavities are 
used as blackbody. 

This note deals with isothermal cylindrical enclosures 
with and without circular diaphragms (Fig. 1). We used the 
“radiosity method” by which Sparrow [l] and Peavy [2] 
evaluated apparent emittance of cylindrical enclosures with- 
out diaphragms. Thus, four hypotheses underlie the achieved 
results: (1) isothermal surfaces, (2) diffuse reflected energy, 
(3) diffuse emitted energy, (4) gray surfaces. However if 

* This work was supported by the Consiglio Nazionale 

surfaces are not gray, achieved results represent mono- 
chromatic apparent thermal emittance. 

I I 

FIG. 1. Schematic diagram of cylindrical enclosure with 
diaphragm. 

Cylindrical enclosures with circular diaphragms were 
previously analyzed by Got& [3] and by Quinn [4] but 
their methods am more approximated and besides they 
determined only the bottom apparent thermal emittance. 

ANALYSIS 

For,a cylindrical enclosure closed by circular diaphragms 
at a typical position on the diaphragm, on the bottom and 
on the cylindrical surface a radiant flux balance can be 
written in dimensionless form respectively: 

c,(r’J = I: + (1 - E) 1’ 4-d) d’,,,,i,-,,,,,, 
b 

+ (1 - 4 / d-2 dFdA,,i,-dA,,j, (1) 
I. (I 

e,(4) = 8 + (1 - 4 f dx’) dFdAwdAtx., 
0 t 

+ (1 - d .i s,(r’,) dFdA,,j,-dAtr~, (2) 

e,(xb) = 8 + (1 - 4 i ~44) &wwrj, 
L 

+ (1 - 4 j dx’) dFwxbt-.wx., 
0 

+ (1 - E) i &‘A dFdA<xb,-dA(ri) (3) 
DI ‘.I delle Ricerche. 
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with ([l, 5, 61): 

dFwriww, = 
2x’(x’2 + 1 - r:, 

[(x,2 + r;: + I)2 - 4r;2]’ 

dx’ 

dF,,(ri,- d~,ri, = 
2r;L’21r: + r: + L’2) 

[(r;’ + r;z + L”)r - 4r;*r;2]* 

dr’ 

’ 

dFd.,crij-dA<rij = 
2r;L”(r: + r;* + L.~*) 

[(r: + r: + L’Z)* - 4r;rr;‘ff 

dr’ 

L 

dFmxt,-wri, = 
2(L’ - n&)r; [(L’ - xb)’ + 1 - r:] dr, 

([(L’ - nb)Z + r: + 112 - 4r;2j* 2 

dF,,(,b,- dA,x,, = ; 
i 

1 - Ix; - X’I 
(x’ - XL)’ + 6 

[(x’ - X# + 4-J” dx’ 

dF,mo,- dmi 1 = 
2r;xb(x: + 1 - r:‘) 

[(x2 + r: + l)* - 4r;r]* 
dr’,. 

Equations (l)-(3) constitute a system of integral equations. 
For an enclosure without diaphragm the equation (I), 

the last term of the equation (2) and the last term of the 
equation (3) disappear and so we find again the well known 
system of two integral equations [l. 21. 

PROCEDURE 

For these integral equations systems a closed-form 
solution is not possibie. We used the method of successive 
approximations [7], already used by Sparrow [l] and by 
Peavy [2]. For cylindrical enclosures with diaphragms first 
we fix the enclosure characteristics: L’, RI and s. Next we 
choose two arbitrary functions for 8.(x’) and c,(r;), we say 
&x’) and .&r;), and by equation (1) we obtain a first trial 
solution for .s,(r’,), we say ej(r’,). From .$(r’,) and a:(~‘) by 
equation (2) we obtain a first trial solution for .Q;), El(&), 

and from sl(r;), c:(r;) and &t(Y) by equation (3) we obtain a 
first trial solution for E,(x’), &x’). fterating these operations 
from the first trial solutions ri(r;) - el(r’J and $(x9 we 

obtain the second trial solutions, $(r‘,) - &ri) and si(x’). 
Generally after n iterations we obtain &I@;) - &) and 
4(x’). 

The procedure stops when we find 

I&:: - &$-‘I < s (4) 

for any value of r’, in the range RI - I, of r; in the range O-1 
and of x’ in the range 0-K In the (4) 6 is a previously fixed 
positive value depending upon the desired approximation. 

Using the successive approximations method, equations 
(l)-(3) become sums of integrals. Their solution was ob- 
tained numerically by Simpson’s one third rule. Calculations 
were performed by the CDC G 20 electronic digital computer 
of Engineering Faculty of Naples. 

RESULTS 

We obtain resuhs for L: = 2-4 and 8, for E = 0~25-09 
and 075 and for RI = O.~,~ and tH30. To compare 
our calculation techniques with Sparrow’s and Peavy’s, we 
carried out solutions also for RI = 1, that is for enclosures 
without diaphragm. In the numerical integration we used as 
step sizes Ax’ = 0.04 and Ati, = Ar; = 0.025; for S we 
used the value of 09025. To the starting functions we gave 
the constant value provided by Gouffe’s expressions [3] for 
the bottom of the same enclosure. 

For each iteration the calculation time was of about i-2 
and 4 min respectively for f: = 2-4 and 8. The iterations 
number was never greater than six. 

In Figs. 2 and 3 we plotted the obtained values for two 
typical cases, E = 0.25-L: = 2 and E = 0.75-L: = 4. We see 
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FIG. 2. Apparent thermal emittance in a cylindrical cavity 
with E = 0.25 and L’ = 2. 

that on the bottom the apparent emittanee increases and 
becomes more uniform as &decreases, that is as the diaphragm 
aperture becomes smaller. This result is of great interest in 
applications, On the cylindrical surface the apparent 
emittance has a minims which decreases and shifts 
toward left as RI increases At the corners while for x’ = E 
there is a values discontinuity, for x’ = 0 there is only a slope 
discontinuity. The reason, we think, is that the view factors 

F,“-A_, with A, overall enclosure surface, have different 
values if 64 is at the corner x’ = I: on the cylindrical surface 
or on the bottom, while at the corner x’ = 0 they are both 1 
because in both cases dA does not see the opening. 
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In Table 1 we have listed the apparent emittance values 

obtained, for the bottom at the center and at the corner 

and for comparison we reported also values obtained by 

other authors for the same enclosure. A very good agreement 

is seen among Sparrow’s, Peavy’s and our results for 

enclosure without diaphragm. We can also see that the 

simple Gouffi?‘s method gives good results for I: = 2. Quinn’s 

method gives good values for E = 0.75 because he takes 

into account two reflections only. 
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Table 1. A comparison of apparent emittance values at the bottom 

Cavities s&I 

L’ E 

2 0.25 

0.50 

075 

4 0.25 

0.50 

0.75 

8 0.25 

0.50 

0.75 

RI Gouffk [33 Quinn [4] This study Sparrow [l] 
O<r,Cl Odr,<l 

Peavy [2] 
ri = 0 ri = 1 ri = 0 ri = 1 ri = 0 ri = 1 

0.4 
0.6 
0.8 
1 
0.4 

8:; 

L% 
0:8 

A.4 

8:: 

g:z 

0.8 

6.4 
0.6 
0.8 

A.4 

09’8” 

i:; 
0.8 

i.4 
0.6 
0.8 
1 

0.9177 
0.8331 
0.7398 
06497 
0.9683 

%: 
0:8428 

z% 
01958 1 
;:gg 
@9120 
0.8550 
0.7929 
0.9872 

::;;:: 

00’~;::: 
0:9916 
0.9854 
0.9776 
0.9787 
0.9536 
0.9’10 

;:;;g 

!I;;;; 

!%J 
0.9970 
0.9946 
0.9916 

- 

- 

- 
- 

0.9158-0.9311 
0.8289-0.8587 
0.7321-0.7763 
D6395-0.6953 
0.96794.9771 
0.931u.9499 
0.887&0.9155 
0.8389-0.8767 
0.9882-0.9922 
0.97454.9825 
0.9577-0.9699 
0.9388-0.9552 
0.9675-0.9724 
0.9312-0.9394 
;;=90$ 

D9902-0.99 19 
0.97860.9820 
0.9635-09689 
D9460-0.9537 
0.99684.9978 
0.9929-0.9943 
0.9878-0.9898 
0.9815-0.9839 
0.9901-0.9920 
e9814-0.9830 
0.9688-0.9709 
0.96454.9671 
0.9976XJ.9981 
0.9951-0.9957 
0.99184.9925 
0.988w.9894 
0999249999 
0.998m9990 
0.99714.9978 
0.99560.9958 

06401-0.6980 
- 

Q8394-0.8776 0.83960.8778 

- 

0.9881 
0.9732 

;:;;$j 

0.9930 
0.9844 
@9722 

0.9389-0.9553 
- 

0.8442-0.8612 

0.946C-O.9540 0.946cuI.9534 
- - 

0.9812 
0.9976 
0.9945 
0.9902 

0.9815-0.9842 
- 

- 

- 

g:gg;; 

0.9984 
0.9972 
0.9957 

- 
0.988CM.9887 - 

0.9956-0.9961 - 
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OhT THE HEAT TRANSFER ASPECTS OF VAPOR DEPOSITIOl\r’ IN VACUO 
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NOMENCLATURE 
rate of vaporization ; 
view factor: 
latent heat ot sublimation; 
thickness of the backing plate: 
molecular weight of the metal 
vapor pressure : 
gas constant ; 
temperature; 
time: 
fksidual pressure : 
position of the condensin8 surface at time t; 
distance coordinate. 

Greek symbols 
6, vaporization coefficient ; 
c, emissivity ; 
% thermal diffusivity ; 
P. density ; 
6, Stefa’n-Boltzmann constant. 

Subscripts 
.% source surface ; 
G condensing surface ; 
net, net rate ; 
b, backing plate ; 
4 deposit ; 
m, melting point. 

1. INTRODUCTION 

fHE DEPOSITION Of metdS vapors OntO SUrfaCCS in ffac1lQ 

plays an important role both in materials finishing opera- 
tions and in separation processes. A common feature of 

these operations is that there exists a molten metal pool, 
which acts as the source of the vapor, in the proximity of an 
initially cold surface onto which the vapor is deposited. 
Depending on the actual application, the sink or receptor 
surface may be moving or may be stationary. 

By far the greatest practical application of vapor deposi- 
tion techniques is the formation of coatings, and for this 
reason most of the attention has been focused on the 
molecular aspects of the problem and on the factors that 
influence the physical nature of the deposit [l-4]. 

Vapor deposition as a separation technique is used in the 
dezincing of lead and the thermodynamic and molecular 
aspects of this problem were treated by Davey [5-71. 

in contrast to the extensive work done on the molecular 
and thermodynamic aspects of vapor deposition, the beat 
transfer aspects of this problem received very little attention 
up to the present. The motivation for the study of the 
thermal phenomena, associated with vapor deposition may 
be twofold: the heat generated by the formation of the 
solid deposit will raise the temperature of both the deposit 
and that of the receptor. These changes in temperature may 
affect the nature of the deposit and the nature of the bonding 
between the deposit and the substrate-factors that may be 
significant in coating operations. 

Furthermore, the generation of heat may raise the 
temperature of the outer surface of the deposit to levels, 
where “back vaporization” may become significant or 
where ablation melting may occur. Under these conditions 
thermal effects will limit the net rate of deposition that may 
be achieved. This particular group of problems is most 
likely to be important in separation processes. In the 
following we shafl present a formulation of the thermal 
problem together with the numerical solution of the 


