
vo \ p (1--~) ' 

which governs  the relat ion between the re la t ive  volume v /v  0 of the cyl inder  in a rigid yoke, on the one hand, 
and the relat ive density P/Po (Po = l/v0) of the f ree  body f rom the same mater ia l ,  on the other,  for  a given 
t empera tu re  t when there are  no external  forces  (p = 0, a = 0). 

It follows f rom Fig. 2 that the computed and exper imental  resul ts  are  in good agreement .  These data 
can be used to determine the dependence of the elast ic  moduli, the coefficient of thermal  expansion, and some 
other  physical  cha rac t e r i s t i c s  as a function of the p r e s s u r e  and temperature .  
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H E A T  T R A N S F E R  O F  R O U G H  S U R F A C E S  

G. N. D u l ' n e v ,  Yu.  P .  Z a r i c h n y a k ,  
Yu .  V. K u z n e t s o v ,  a n d  B.  V. P o l ' s h c h i k o v  

UDC 62-182.8.017.7 

A the rmal  model of the contact  heat t r ans fe r  between rough surfaces  is considered,  taking into 
account curva ture  of the cur ren t  lines in the gaps. Theoret ical  relat ions determining the con- 
tact  thermal  res i s tance  at smal l  p r e s s u r e s  are  obtained. 

F o r m u l a t i o n  o f  t h e  P r o b l e m  

One of the p a r a m e t e r s  which has a significant effect on the thermal  conditions in apparatus is the con- 
tact  thermal  res i s tance  (CTR) due to imperfect ions of the mechanical  connection between the contacting sur -  
faces.  

In [1-4] a detailed analysis  was made of the resul ts  of investigations of CTR by Soviet and non-Soviet 
authors,  the mechanism of contact  was explained, the physical  basis  of the heat t ransfer  through the contact 
zone was discovered,  and prac t ica l  recommendat ions  for  the intensification of heat t ransfer  were given. How- 
ever ,  as the fo rms  of real  mechanical  connections are  so different and so complex, it is often a laborious task 
to use the resul ts  of [1-4] for the calculation of CTR. There are  severa l  r easons  for  this:  

a) the theoret ical  relat ions are  only adequately reliable for the s implest  case of contact ing-object  ge- 
omet ry  - tangency of plane surfaces ;  
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b) the range  of specif ic  c o m p r e s s i o n  fo rces  of the contact ing su r faces  invest igated is not c h a r a c t e r i s t i c  
for  typical  p r o b l e m s  of i n s t rumen t -mak ing .  The theore t ica l  dependences  a l l o w C T R t o  be de te rmined  at p r e s -  
su r e s  no l e s s  than (10-60) �9 105 N / m  2. In p rac t i ce ,  i n s t rumen t -mak ing  usual ly  r equ i r e s  calculat ions of CTR at 
lower  p r e s s u r e s  - (1-10) �9 105 N / m  2. The r ecommenda t ions  for  h e a t - t r a n s f e r  intensif icat ion in the contact  
zone avai lable  in the l i t e r a tu re  give only qual i ta t ive c h a r a c t e r i s t i c s .  The r e su l t s  given below al lowthe  exis t ing 
gaps  to be  somewhat  reduced.  

The heat  flux P pass ing  through the contac t  zone may  be divided, for  the purpose  of analysis ,  into two 
components :  a p a r t  Pp  of the flux p a s s e s  through the point of phys ica l  contact ,  and a p a r t  P m  through the 
medium.  The cor respond ing  conduct ivi t ies  a re  denoted by a p  and a m,  and the total  conductivity is e x p r e s s e d  
as the i r  sum 

a = a p  -~- a m (I) 

The f i r s t  t e r m  ap in Eq. (1) is de t e rmined  by the actual  contac t  a r e a  and the t h e r m a l  conductivity of 
the contact ing m a t e r i a l s .  There  a r e  s e v e r a l  methods of calculat ing a The m o s t  widespread  method which 

�9 . . , ,  , , P "  

is suff icient ly accura t e  is de r ,  ved f r o m  the r e a h z a t m n  of the button model  [5]. Here  the contact  is modeled 
using two infinite cy l inders  with a s ingle c i r c u l a r  contact  spot  at  the cen te r ,  the a r e a  of which models  the ac -  
tual  contac t  spot.  

The actual  contac t  a r e a  (ACA) ~ depends on the phys ica l  p r o p e r t i e s  of the m a t e r i a l s ,  the i r  t r ea tmen t ,  
and the c o m p r e s s i o n  fo rces .  The e r r o r  in calculat ing ~ p  is de t e rmined  to a cons iderab le  extent by the e r r o r  
in 7, and t he re fo re  the method for  ca lcula t ing ap  m a y  be i m p r o v e d b o t h b y m a l d n g  the model  of heat  t r a n s f e r  
through the contac t  zone m o r e  accura t e  and by improv ing  the method of calculat ing ~. In [5, 6 ], the p r e sen t  
p r o b l e m  is  d i scussed  in sufficient  deta i l  and, although the exis t ing solutions cannot be  r ega rded  as final, they 
may  neve r the l e s s  be used  for  the calculat ion.  

The value of the second component  in Eq. (1) is de t e rmined  by the configurat ion of the con tac t -med ium 
su r faces .  In [1-3],  the following re la t ion  is p roposed  fo r  the ca lcula t ion of am:  

am~ ~m/aequ, (2) 

where  5eq u is  the th ickness  of the equivalent  plane l a y e r  applied between the contact ing media ,  and is d e t e r -  
mined by equating the vo lumes  of the effect ive  l aye r  and the r ea l  gap 

_ SN (3) 

S6tS dSN+21T' 
where  1T is the value of the t e m p e r a t u r e  jump if the l a y e r  is filled with gas;  SN, nominal  a rea ;  6 (SN), s ize 

of the gap, which v a r i e s  with S N, 

A n a l y s i s  o f  M e t h o d s  o f  C a l c u l a t i n g  C T R  

In the l i t e r a tu r e  there  has been  fa i r ly  detai led cons idera t ion  of the heat  t r a n s f e r  at specif ic  p r e s s u r e s  
P �9 (10-50) �9 105 N/m 2, i .e. ,  in the case  when the heat  t r a n s f e r  is  de te rmined  by the conductivity through the 
point of physica l  contact ,  a p  > a m .  This s i tuat ion is explained by  the h i s to r ica l  development  of these  inves t i -  
gat ions.  The f i r s t  and mos t  fundamental  works  a r o s e  out of engineer ing f ields a s soc ia ted  with tu rbocons t ruc -  
tion, a tomic  power,  and rocke t  and aeronaut ica l  engineering.  The mechan ica l  and t he rma l  models  on which 
the calcula t ion of a p  is based  have been suff icient ly well  studied [1, 2]. The conductivity a m  plays  the role  
of a c o r r e c t i o n  here ,  and has been  l e s s  thoroughly studied than ap .  In Ins t rumen t -mak ing ,  the main  contr ibu-  
t ion to the heat  t r a n s f e r  through the contac t  a r e a  is often the conductivity of the in te rcontac t  med ium a m  >- 
a p ,  which is explained both by the sma l l  specif ic  p r e s s u r e  (1-50) �9 105 N / m  2 and by the use of g r e a s e s  and 
pa s t e s  with high t he rm a l  conductivity ~ = (0.1-3} W / m  ~ 

It was  a lso  noted that on changing the med ium filling the in te rcon tac t  region the conductivity a m does 
not change in p ropor t ion  to the change in t h e r m a l  conductivi ty of the med ium 

a~m : r - -  u _  pl =/= ~.im 
CZ2m ~ ~p2 ~'2m 

Here  ae l ,  C~c2 a re  the total  contact  conduct ivi t ies  for  different  filling media  with the rma l  conductivi t ies  k im,  
•2m; C~pi, ap2 a r e  the conductivi t ies  through the contact  point; a im,  a2m a r e  the conductivi t ies  through the 

medium.  

In the light of  the above fac to r s ,  the model  of heat  t r a n s f e r  was ref ined,  and the appropr ia te  changes 

256 



/ / / / / / / /  I I  ~11 1 1 I I / I ,  1 /11  1 / I IIJ I l i l / I  I / / / / j  

Fig. 1. Real prof i les :  a) replaced by an equivalent plane 
layer ;  b) by a set of e lementa ry  volumes .  
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Fig. 2. E lementa ry  volume and 
method of dividing auxil iary su r -  
faces. 

were  made in the theoret ical  relat ions determining the CTR; this affected p r imar i ly  the determinat ion of am.  

In the known methods [1, 2] for determining a m ,  it is assumed that the contacting sur faces  a re  iso-  
thermal .  Below, a thermal  model which takes into account that the surfaces  are  nonisothermal  in determining 

rn is proposed.  

G e o m e t r i c  M o d e l  o f  C o n t a c t  

The cha rac t e r i s t i c s  of the sample - su r face  profile (height and radius of curvature  at the top of the mic ro -  
project ions)  depend on the t rea tment  and proper t ies  of the mater ia l .  A typical surface profile is shown in 
Fig. la. In the genera l  case,  such rnicroproject ions take the form of segments  of an ellipsoid, of which the 
height is mos t  often less  than the radius of curva ture  at the top. In [5], a comparat ive  analysis  of different 
models was made, and it was shown that the rnicroproject ions a re  most  expedientl~ modeled as a set of spher-  
ical segments  distr ibuted at constant  density over  the surface  (Fig. lb) of the contacting surfaces .  The height 
of an individual rnicroproject ion is a random quantity conforming to a normal  distribution law. The axes of 
opposing micropro jec t ions  of contacting surfaces  lie on a single line. 

Analogous models are  often used in investigating the actual contact  area,  c loses t  approach, frictional 
coefficient,  and thermal  conductivities of mixtures  and composi te  mater ia ls ,  

Thus, the contacting sur faces  a re  represented  by a set  of e lementary  volumes,  shown in Fig. 2. Here r 1 
and r 2 are  the radii  of curvature ;  2L is the maximum height of the volume; h I and h 2 are  the heights of the 
segment.  

The height and base d iameter  of the segment  cor respond  to the spacing and height of the mic ropro jec -  
tions. The contacting sur faces  usually have different roughnesses ,  and therefore  the base d iameters  a 1 and 
a 2 are  not equal. Different methods of choosing the mean a may be considered.  Analysis  resul ts  in the follow- 
ing recommendat ion 

2ataz 
a = - -  (4) 

at + a2 

Thus, each e lementary  volume forms a cyl inder  whose side surface  does not in tersec t  the cur ren t  lines 
and whose base is an i so thermal  plane. The contacting surfaces  form a set  of e lementary  volumes. The seg-  
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ments  in the ce l l s  a r e  of d i f ferent  heights.  Depending on the f o r m  of t r ea tmen t ,  the dis t r ibut ion law may  be 
different .  At p re sen t ,  many  r e s e a r c h e r s  be l ieve  [6, 7 ] that  the height d is t r ibut ion of the mic rop ro jec t ion  tops 
follows a n o r m a l  law 

1 [ (h~--ml) 2 ] 
f (hi) = - - + - ~ -  exp o'i U 2 a  2o'~ (5) 

where  h i is the height of the mic ropro jec t ion ;  mi,  m a t h e m a t i c a l  expectat ion of a r andom quantity; a ,  mean  
square  deviation; i = 1, 2 denotes the f i r s t  and second su r face ,  respec t ive ly .  

Inves t igat ions  [4-7] of the contac t  in te rac t ion  of sol ids  have shown that  the height dis t r ibut ion of the 
mic rop ro j ec t i ons  m a y  be desc r ibed  by a n o r m a l  law. In view of this,  it is a s s u m e d  on the ba s i s  of the " t h r e e -  
s igma"  approach  [8 ] that  

m = hmax i/2; a = h~ax J6. (6) 

Fur the r ,  it may  be confidently a s s e r t e d  that  the d i f fe rence  hmaxi  - h i between the constant  quantity 
hmaxi  and the r andom  quantity h i is a l so  random,  obeying a no rma l  d is t r ibut ion law with the s ame  p a r a m e -  
t e r s  m and a.  Then 5 = (hmaxl - -  hl) + ( h m a x 2 -  h2) is the gap between roughness  mic ropro jec t ions .  The 
p a r a m e t e r  6 in the model  is a l so  a r andom quantity obeying the n o r m a l  d is t r ibut ion law. An expres s ion  for  
the probabi l i ty  dens i ty  of the given r andom  quantity may  be  obtained by  cons ider ing  the combinat ion of the two 
n o r m a l  d is t r ibut ion laws for  each side 

1 [ (~--ms)~ ] 
g (5) = % W ~ exp 2a~ ' (7) 

where  6 is the s ize  of the gap; ~6 and m5 a re  the mean  squa re  deviat ion and ma thema t i ca l  expectat ion,  de-  
fined as follows: 

~+ = Vo~ + o~; rn+ = m~ + m~ 

F o r  con tac t  between s u r f ace s  of the s a m e  roughness ,  the gap- th ickness  probabi l i ty  densi ty  is given by 
the e x p r e s s i o n  

g(6)= 3---~exp[ ( 8 - hmax)2 ] 
~h~a~ - -  h ~ . 3 /  V 7  " (8) 

As has  been  indicated,  the contact ing s u r f ace s  f o r m  a se t  of c lose ly  packed e l e m e n t a r y  volumes  on the s u r -  
face ,  dif fer ing in the value of the gap 6. It  is now as sumed  that  the number  of volumes  with a gap 6 lying in 
the range  51 <- 5 < 62 is p ropor t iona l  to the probabi l i ty  that  the r andom quanti ty 6 fal ls  in the in terva l  [6~; 
52]. The t h e r m a l  conductivi ty a ,  which is functionally r e l a t ed  to 5, is evident ly  also a r andom quantity, with 
the s a m e  probabi l i ty  dens i ty  g(5) .  In this case ,  the mean t he rma l  conductivi ty is 

t q .+h ,  

C~m-= ~ = (6) g (6) d6. (9) 
0 

Or,  pass ing  to a finite in terval ,  it is 
n 

am= ~ Pi~, (i0) 
i =  I 

where n is the number of divisions; Pi, probability that a cell with a definite 6 i will appear; ei, thermal 
conductivity of the i-th cell. 

Taking the confidence range +:~, and determining the thermal conductivity at the midpoint of each of 
six intervals bf width a, specifically c~ t, a2 . . . .  , a6, a stepwise-linearized approximate formula for am may 
be obtained in the form 

CZm---- 0.02 (o h ~ as) ~- 0.34 (aa + (z~) -]- 0.14 (a~ + (zs). (11) 

M a t h e m a t i c a l  M o d e l  o f  C o n t a c t  a n d  I t s  R e a l i z a t i o n  

In Fig. 2 the f o r m  of the c u r r e n t - l i n e  d is t r ibut ion and the f o r m  of the i s o t h e r m  in an e l e m e n t a r y  volume 
a r e  shown fo r  the case  when ~,p > ~-m, the side su r f ace  at r = a is adiabatic ,  and the su r faces  at  z = + L  a r e  
i so the rma l .  Denoting the t e m p e r a t u r e s  of the su r f aces  z = •  by t '  and t",  and the heat  flux by Q, the def i -  
nition of the t h e r m a l  r e s i s t a n c e  R of the volume is then 
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R - - .  (12) 
q 

The calculation of the thermal  res i s t ance  reduces  to the analysis  of the tempera ture  field of the sys tem of 
bodies. The t empera tu res  in the regions occupied by the f i rs t  and second segments  are  denoted by t~ and t3, 
and that in the in tercontact  region by t 2. 
equations of the fo rm 

with the boundary conditions 

Otj 

Ox 

O2t j 

Ox 2 

The tempera tu re  field of these regions is descr ibed by differential 

_+. 1 0 t j  q_ O~tj_=O, ] =  1, 2, 3, 
x Ox Oy 

hlu=• ~ = 0 ,  i = l ,  3�9 

According to the model adopted, the equations of the surfaces  take the form 

/-~ x 2. f t  (x) = L + r~ - -  hi  - -  V-r~ - -  xZ; f2 (x) = h~ - -  L - -  rz -k  v r2 - -  

Determining the t empera tures  tj, the flux through an e lementa ry  volume Q may be found 
a 

f o,, f < =L 
Q = - -  ~, ,] ~ d S  = - -  2z~.~ J Oz x d x .  

S o 

This problem is solved using the approximate method of calculating the genera l ized conductivity outlined in 
[9 ]. The basic feature  of the method is that the curvi l inear  cur ren t  lines a re  replaced by rec t i l inear  lines, 
which simplifies the mathemat ical  descr ipt ion of the investigated processes �9  To l inear ize the flux in an ele- 
menta ry  volume, it is divided by a sys tem of auxil iary adiabatic surfaces  paral le l  to the flux and isothermal  
sur faces  perpendicular  to the flux. 

The solution obtained by this method has been compared  with the resul ts  of the standard solution. The 
s tandard solution is taken to be a numerica l  solution of the problem of contact  at a point between two hemi-  
spheres  [10]. Compar ison with the resul ts  of numer ica l  solution shows that the true value of the res is tance  is 
sa t i s fac tor i ly  descr ibed  by the dependence 

R : ( R  a -]- R i ) /2 ,  

where R a and R i are  the res i s tances  for  the adiabatic and i so thermal  divisions, 

Since the problem may be regarded  as symmet r i c  with respec t  to the plane dividing the e lementary ce l l  
in half, the calculation may be ca r r i ed  out for  half the cell. The thermal  res i s tance  of an annular layer  (cur-  
rent  tube) of thickness dx with an adiabatic side surface  paral le l  to the genera l  direct ion of the heat flux is 

dRa = d R t  ~ dRz ,  (13) 

where dR 1 and dR 2 are  the res i s tances  of the sections of the layer  with thermal  conductivity X 1 and X 2. 
Writing dR i (i = 1, 2) in the form 

�9 L - -  []fr z - -  x ~ - -  (r - -  h)] (14) d R t  = ~ x2 - -  (r - -  h) dR~ = 
2 ~ L l x d x  ' 2 ~ x d x  

and substituting Eq. (14) into Eq. (13), an express ion for dRa is obtained 

dRa  = ~ 1 {  ~ ' d V r ~ - x z - ( r - h ) ] + L ' ( L - [ ' / r ~ - x z - ( r - h ) l , "  �9 (15) 

Integrating Eq. (15) with respec t  to x f rom 0 to a, an express ion is obtained for  the thermal  res is tance  at the 
adiabatic division 

R = A a  ( 1 - - . )  y z (~_ )~  L / r  h ; c = :  1 - -  g + 1 ;  
2~Zzr  1 - -  v r 

v = - - ;  A,~= c + g l n  g - - c  -~ .  
~,l g - -  1 

(16) 
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Fig. 3. Dependence of contact  the rmal  r e s i s t ance  R e �9 
10 -4 m z ' ~  on the a i r p r e s s u r e  P �9 l0 s N/m2: a) r e -  
sults fo r  the mate r i a l  1Khl8N9T, pur i ty  of t r ea tmen t  
V5--  V5, f rom exper imen t  (I), f rom Eq. (21) (1), and 
f rom the method of [1] (2), and resu l t s  for  the mate r i a l  
St.45 vapor,  pur i ty  of t r ea tmen t  V4 - V 7 b ,  f rom ex-  
pe r imen t  (II), f rom Eq. (21) (3), and f rom the method 
of [1] (4); b) r esu l t s  for  the ma te r i a l  D16 vapor,  pur i ty  
of t r ea tmen t  V 8 - 8 e  f rom exper iment  (I), f r o m  Eq. 
(21) (5) and f rom the method of [1] (6) and another  set 
of resu l t s  f rom exper iment  (II), f rom Eq. (21) (7), and 
f r o m  the method of [1] (8). 

The r e s i s t ance  of a plane l aye r  of thickness dy with an i so the rmal  base  perpendicular  to the heat flow 
takes the f o r m  

dRadR~ 
dRi = dR3 ~ dR+: (17) 

where  dR 3 and dR 4 are  the r e s i s t ances  of sect ions of the l aye r  with the rma l  conductivity 3~ i and k 2. 

It is obvious that 
dRs = dy d y  

; d/~ = (18) kiz~ [r z - -  (g -~ r - -  h)Zl ~ z  [a S - -  rZ+(g+r  - h)Z]" 

Substituting dR+ and drt4 f r om Eq. (18) into Eq. (17), an express ion  for  dR i is obtained, and integrat ing 
this with r e spec t  to y allows the t he rma l  r e s i s t ance  Ri to be de te rmined  

dR i = 

R t =  

b+--= V r z - -  

dy 

[~,r ~ -~- ~2 ( a2 - -  r~) - -  (~l - -  ~) (Y q- r - -  h)2l 

; m =  - -  1 ~  ; 
2~b (I - -  v) ~i a~ -L- 

v ( b - t -  1 ) (  b - 1  - t - h )  

l _ v a + ;  k ( b - - 1 )  ( b  q - 1 - - ~ - )  

(19) 

(20) 

Thus, Eqs. (16) and (20) allow the admit tedly inc reased  R a and reduced R i values of the res i s t ance  of 
half  the cel l  to be calculated.  Finally,  the r e s i s t ance  of the cel l  is taken to be the a r i thmet ic  mean, as indi- 
cated ea r l i e r .  Then for  the whole cel l  

R = (Ra -t- Ri)/2. (21) 
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Fig. 4. Dependence of contact  t h e r m a l  r e s i s t a n c e  
R c �9 10 TM m 2. ~ on p r e s s u r e  p" 105 N/m 2. a) r e -  
sults  in the contact  zone of PFMS-4  r e s in  for  the 
ma t  m a t e r i a l  St,45 vapor ,  mic rop ro jec t ion  height 
h = 20 ~, f r o m  expe r imen t  (I), f r om Eq. (21) (1), 
and f r o m  the method of [1] (2), and r e su l t s  for  the 
m a t e r i a l  D16T vapor ,  height = 10 ~m, f r o m  e x p e r i -  
ment  (II) ,  f r o m  Eq. (21) (3),  and f r o m  the method 
of [1] (4); b) r e su l t s  in the contact  zone of a i r ,  for  
the m a t e r i a l  St.45 vapor ,  h = 12 ~m, f r o m  expe r imen t  
(I) ,  f r o m  Eq. (21) (5), and f r o m  the method of [1] 
(6); and for  the m a t e r i a l  D16T vapor ,  h = 10 #m,  
f r o m  expe r imen t  (II) ,  f r o m  Eq. (21) (7),  and f r o m  
the method of [1] (8). 

A n a l y s i s  o f  S o l u t i o n s  

To ve r i fy  the model  p roposed  and the cor responding  theore t ica l  re la t ions ,  calculat ions by this method 
w e r e  c o m p a r e d  with the expe r imen ta l  r e su l t s  of [1] and a lso  with calcula t ions  by the method adopted in [1]. 
In compar ing  the expe r imen ta l  and theore t ica l  r e su l t s  of [1], the re la t ive  e r r o r  is in the range  5p = • with 
a confidence level  of 0.95. The mean  squa re  deviat ion he re  is 14%. In compar ing  the exper imen t  [1] with ca l -  
culat ions by the method he re  proposed,  the r e l a t ive  e r r o r  is  in the range  5p = ~ 15%, with a confidence level 
of 0.95. The mean  square  deviat ion is 7%. In Figs.  3 and 4, expe r imen ta l  and theore t ica l  p r e s s u r e  depen- 
dences  of the CTR a re  given. 

In compar ing  the p r e s e n t  expe r imen t s  with calculat ions by the method of [1], the re la t ive  e r r o r  l ies in 
the range  5p = +32~ with a confidence level  of 0.95. The m e a n - s q u a r e  deviation is 15%. In compar ing  the 
p r e s e n t  expe r imen t s  with calcula t ions  by the method he re  proposed,  the re la t ive  e r r o r  l ies  in the range  5p = 
~-15%. The mean  squa re  deviat ion is 7%. In the whole exper imen t  the re la t ive  e r r o r  in the calculat ions ac-  
cording to [1] did not exceed 35%, and in calcula t ions  by the method proposed  he re  - !9%. 
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This p a p e r  examines  high-intensiW xenon-f i l led  radia t ion  sou rces  for  heat  load simulat ion.  A 
ma thema t i ca l  model  of the d i scha rge  is proposed,  and r e su l t s  of a theore t ica l  and an expe r i -  
menta l  invest igat ion a r e  presented .  

One of the main  p r o b l e m s  which one has to r e so lve  in var ious  b ranches  of technology is that of test ing 
objects  under  conditions as c lose  as poss ib le  to the actual  conditions. Many l i t e r a tu r e  r e f e r e n c e s  (a detai led 
b ib l iography is given in [1]) d i scuss  p r o b l e m s  as soc ia t ed  with c rea t ing  fac i l i t ies  to s imula te  conditions of op- 
e ra t ion  of i t ems  of c o n t e m p o r a r y  technology. In some  c a s e s  a key  e lement  of such s imulat ion s y s t e m s  is a 
h igh- in tens i ty  rad ia t ive  s ou rce  (HIRS). A p romis ing  HIPS is the pulsed xenon source  which has high eff ic iency 
in conver t ing e l ec t r i ca l  into rad ia t ive  energy,  is economica l ,  has a l a rge  rad ia t ive  flux densi ty  and high ope r -  
ating stabil i ty.  To cons t ruc t  a h igh-ef f ic iency  HIRS and to p red ic t  i ts  p r o p e r t i e s  re l iab ly  r equ i r e s  theore t ica l  
and expe r imen ta l  invest igat ions.  

The p r e s e n t  p a p e r  gives  some  r e su l t s  of ma thema t i ca l  modeling of the working p r o c e s s  in a HIRS, de- 
t e r m i n e s  the l imit ing c h a r a c t e r i s t i c s ,  and d e s c r i b e s  an expe r imen ta l  invest igation.  It should be noted that in 
n a t u r a l - m o d e l  t he r m a l  endurance t e s t s  an HIRS may  ope ra te  in a hea t e r  s y s t e m  compr i s ing  s e v e r a l  sources  
and r e f l ec to r s .  The invest igat ion and the development  of an HIRS incorpora ted  into a faci l i ty  r equ i re s  the de-  
ve lopment  of a comple te  s y s t e m  for  compute r  design of such fac i l i t ies ,  based  on methods of designing and 
tes t ing of an individual i sola ted HIRS. 

Mathemat ica l  Model of the Discharge .  We a s s u m e  that the p l a s m a  is in a s ta te  of local  thermodynamic  
equi l ibr ium (LTE) .  The s y s t e m  of ene rgy  ba lance  and rad ia t ive  t r a n s f e r  equations desc r ib ing  the physical  
p r o c e s s e s  in the d i scharge  takes  the f o r m  

1 d [zk,(T) dT ] , ~ divF r 0, RZz dz ~ ~-o(T) E i - -  = (1) 

[ 1 du~ ] ,  K~,z - - u ~ ) = 0 ,  1 d z ~- (u~e (2)  
3RZz dz K(,.z dz 

div F r = c i Kvz (u~ e -  uv) dr. (3) 
0 

The boundary  conditions a r e  

z=O, dT _0,  du,~ _0 ,  (4) 
dz dz 

A duv 
z - -  1, T =: T~, uv = RK'vr. dz (5) 

Here  we neglect  convect ion and postula te  that the vol tage E1 is constant  along the arc .  Equations (2) and 
(3) de sc r ibe  rad ia t ive  t r a n s f e r  in the diffusion approximat ion.  According to the data of [2], the constant  A = 
0 .847 .  
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