
flu values in Fig. 2 for  drying of s tea t i te  c e r a m i c  de te rmined  f rom the drying intensi ty  according  to Eq. (1) and 
according to our method re spec t ive ly  indicate a c lose  ag reemen t .  

The question as to which equation has to be used for  de termining  the Blot number  in a given range  of 
mo i s tu re  content var ia t ion  can be answered  uniquely in each specif ic  case .  When Eq. (10) yields  a Blot number  
NBi,m = 0.1, for  instance,  then Eq. (12) mus t  be used for  calculat ions,  and so on in the case  of other  bodies.  
In the case  of drying in a fluidized d i spe r se  coolant, the Blot number  will exceed 0.1 ve ry  soon a f t e r  the begin-  
ning of the p r o c e s s  [4]. The m a s s  t r an s f e r  coeff icients  mus t  then be calcula ted according  to Eqs. (12), (14), 
and (15). 

N O T A T I O N  

fi~, external  m a s s  t r a n s f e r  coefficient  r e f e r r e d  to the mot ive  fo rce  in the solid phase;  u s, u e, r e s p e c -  
tively, the su r face  mo i s tu re  content and the equi l ibr ium moi s tu re  content in the porous  body; NBi,m = 
fiuR/am, Blot m a s s - t r a n s f e r  number;  NFo = a m T / R  2, Fou r i e r  number;  am,  mo lecu l a r  diffusivity; 7, t ime; R, 
cha rac t e r i s t i c  dimension of the body; #n, roots  of the cha r ac t e r i s t i c  equations; and u, mean -vo lume  moi s tu re  
content. 
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H E A T I N G  O F  C E R A M I C  A N D  S I L I C A T E  M A T E R I A L  

S U R F A C E S  BY A N  A R C  P L A S M A  F I L A M E N T  

A.  I .  Z o l o t o v s k i i ,  V.  D.  S h i m a n o v i c h ,  a n d  A.  K.  S h i p  a i  UDC 533.924 

The heating of c e r a m i c  and s i l ica te  ma te r i a l  su r faces  by a heavy cu r r en t  a r c  p l a s m a  f i lament  
is invest igated in an a i r  a tmosphere .  The poss ib i l i ty  of using optical  p y r o m e t r y  methods for  
highly heated su r faces  is studied for  T > 2000~ 

A r i s e  in the eff iciency of many h igh - t empera tu re  technological  p r o c e s s e s  r equ i re s  a detai led Study of 
the in terac t ion  between high-enthalpy p l a s m a  fluxes and the su r face  of a solid. Despi te  the cons iderab le  amount 
of invest igat ions,  there  a r e  many unsolved questions in this a r e a  [ 1]. Espec ia l ly  few a re  the confident r e su l t s  
in studying p l a sma  in terac t ion  with a su r face  with ablation taken into account. Theore t ica l  methods do not p e r -  
mi t  the confident solution of this p rob lem at  this t ime  because  of the complexi ty  of taking account of the whole 
se t  of e l emen ta ry  p r o c e s s e s  occurr ing  here ,  as well as the lack of informat ion about the p rope r t i e s  of a p l a s m a  
that a r e  rea l i zed  in the boundary zone during interact ion.  Difficult ies in the exper imenta l  invest igat ions a r e  
due p r i m a r i l y  to the lack of re l iab le  methods and appara tus  for  body t e m p e r a t u r e  and p l a s m a  p a r a m e t e r  diag-  
nost ics  during its action on the body surface .  

The behavior  of c e r a m i c  and s i l ica te  m a t e r i a l s  subjected to p l a s m a  fluxes is inves t igated in this paper ,  
and the poss ib i l i ty  of using optical  p y r o m e t r y  methods for  a heated su r face  is examined.  The schemat ic  d ia-  
g r a m  is p resen ted  in Fig. la, and is descr ibed  par t i a l ly  in [2].  In o rde r  to a s s u r e  high densi ty  of the energy  
del ivered s ta t ionar i ly  to the i t em sur face  and to obtain reproducib le  resu l t s ,  a c u r r e n t - c a r r y i n g  p l a s m a  f i la-  
ment  placed between two spec imens  being invest igated which were  mounted in pa ra l l e l  at a 6 - r am spacing and 

Insti tute of Phys ics ,  Academy of Sciences of the Be loruss ian  SSR, Minsk. T rans la t ed  f r o m  Inzhenerno-  
Fiz ieheski i  Zhurnal,  Vol. 42, No. 4, pp. 604-608, Apri l ,  1982. Original  a r t i c l e  submit ted  March 17, 1981. 
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Fig. 1. Schematic d iagram of specimen heating by a p lasma i l ia-  
ment and recording of the radiation of their  surfaces  (a) and typi-  
cal cur rent  and radiat ion osc i l lograms (b) : a) 1 is the p lasma 
filament; 2, 3, specimens being investigated; 4, diaphragm; 5, 
shutter; 6, spec t rometer ;  7, osci l loscope;  8, control unit; b) 1, 
a re  cur ren t  p r io r  to disconnection; 1', t = 0; 2, radiation E2)k  2 = 

1.15~m, 2', E 2 = 0;  3, radiation E3k 3 = 1.53;~m, 3', E 3 = 0; 4, 
Er = 2.3 ~m, 4' ,  E 4 = 0; 5, radiation E12,1 = 0.96 pro, 5 ' ,  E 1 = 0. 
t" 102 see. 

could be displaced translationally,  was the heating source.* The surface  being heated was observed through a 
rectangular  (2 • 6 ram) window in the specimen lying opposite. The low window height permit ted the assump-  
tion of constancy of the p lasma pa rame te r  along the length of the e lectr ical  arc ,  and a corresponding surface  
tempera ture  Tso along the heating zone. Working regimes  with specimen ablation were examined in the experi~ 
ment, which were achieved for  a d ischarge cur ren t  of i = 220-660 A and a ra te  of specimen displacement of 
0.11 m / s e e  and higher. After  the action of the p lasma filament on the specimen surface ,  a glassl ike porous 
l ayer  of 0 . l - 0 . 2 - m m  thickness remained.  In its composit ion the g lass  being formed for both the si l icate and 
ce ramic  mater ia l  is s imi lar  to the type of glass  called window glass  in the l i t e ra ture  [3]. 

Elimination of the influence of the p lasma during observat ion of the highly-heated surface was achieved, 
exactly as in [4],  by disconnecting the arc .  It was established experimental ly that the time of switching off the 
p lasma cur ren t  for this apparatus was ~2 msec.  After  switehoff of the arc ,  the measur ing  unit r ecords  only 
radiation of the heated surface.  After  2 msec  the Tso should not change substantial ly and the specimen rad ia -  
tion recorded  by the measur ing unit r ight  af ter  switehoff of the cur ren t  will cha rac te r i ze  the state of its su r -  
face during the p lasma lifetime. 

A study of the possibi l i ty of optical py rome t ry  of bodies at  t empera tures  above ]000~ is of independent 
interest .  Hence, the emiss ive  charac te r i s t i cs  were investigated in this paper  during their natural cooling off. 
To assure  observat ion on the given section of the surface,  a unit was used to deflect  the translational  d isplace-  
ment of the specimens investigated instantaneously.  

The pyromet r i c  investigations of the surface  were per formed by  using an ISM-4 spec t romete r  [5] which 
was created  to study fas t -moving h igh- tempera ture  p rocesses  by the methods of mult icolor  pyromet ry  [6]. The 
spec t romete r  permi t s  the recording of hot object radiation in the near  IR range in four spectra l  bands s imul-  
taneously with a t ime resolut ion of 10 -3 see. Channels with the effective wavelengths 0.95, 1.15, 1.53, and 2.3 
#m with a 10 -2/~m half-width were selected for this experiment.  The spec t rome te r  e lectr ical  signals were r e -  
corded by an Nl15 l igh t - ray  osci l loscope.  

The spec t romete r  6 recorded  the radiation intensity of the specimen sur face  2 through the slit  3 in the 
specimen and the diaphragm 4. To protec t  the rece ive r s  f rom prolonged and intensive blanking, a shutter  5 
was mounted after  the diaphragm. Because of the necess i ty  of per forming a given sequence of operations in a 
comparat ively  short  t ime (~2  see) during the experiment,  the control  unit 8 was used in the experiment.  After  
ignition of the a rc  filament, the mechanism to displace the c a r r i e r  with the specimens was switched on, the 
plasma filament entered the gap between the specimens 2 and 3, and heated their  surface.  At this t ime the 
electr ic  motor  of the l ight - ray  osci l loscope 7 was switched on, the shutter  5 was opened, the car r iage  drive 
was disconnected as was the a rc  current ,  and the specimen sur face  radiation was recorded  as it cooled for 0.5 

*An electr ical  d ischarge  apparatus PS-1, developed in the Institute of Physics  of the ]3elorussian Academy of 
Sciences, was used in performing the experiments.  
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Fig. 2. Change in the brightness tempera ture  of a ce ramic  speci -  
men during its cooling (a) i = 250 A, u = 1.85 B; (b) i = 500 A, u = 
190 B: 1) k 1 = 0 .96#m; 2) )̀ 2 = 1.15#m; 3))~a = 1.53/~m; 4) 
)'4 = 2.3 ~tm. Tb, 103~ t, r ese t .  

TABLE I. Efficiency of Specimen Heating in Different Working 
Regimes of the Apparatus 

Parameters Ceramic brick I Silicate 

Current intensity i ,  A 
Temperature Tb,"K 

250 I 300 350 400] 450 
2190 2190 2240 2470 2410 

500 
2470 

54o I 450 500 
2480 2300 2300 

540 
2300 

see. A typical osc i l logram of the cur ren t  and radiation brightness in four n e a r - I R - s p e c t r u m  bands is presented 
in Fig. 1. 

The magnitude of the signal is determined at the beginning of the osc i l logram by the total radiation of the 
plasma and the heated surface.  Its intensity var ies  with time in conformity with the cur ren t  fluctuations due to 
the inadequate smoothing of the variable component of the e lectr ical  supply source.  Analysis  of the osei l lo-  
g r ams  obtained permit ted est imation of the contribution of p lasma radiation in the signal being recorded  at dif- 
ferent  wavelengths. The maximal plasma contribution to the radiation is observed in the 1.15 t*m channel and 
can reach 20go in individual cases.  The contribution is less than 10% for the 0.96 and t.53 >m wavelengths and 
is general ly  severa l  percent  for 2.4 >m. The resul ts  obtained indicate that the est imate  of the specimen su r -  
face t empera tu re  can be pe r fo rmed  even without disconnecting the a rc .  

The t ime dependences obtained for the specimen surface  radiation intensity permit ted determination of the 
change in brightness tempera ture  during specimen cooling in each experiment.  Tempera tu re  profi les a re  p re -  
sented in Fig. 2 for  two heating regimes .  It is seen that the brightness t empera tures  in the spec t rum ranges 
under investigation have different values. The tempera ture  for the 0.96 #m channel is always higher than the 
corresponding values obtained in the other  channels, which are  in sa t i s fac tory  agreement  to the accuracy  of 
the measurement  e r r o r  (~ 5%). 

Analysis  of the curves  obtained for the specimen surface cool ing shows that the cooling rate  is a maxi-  
mum right af ter  disconnecting the discharge current ,  and then diminishes substantially. This can be a resul t  
of the preeminent  role  of radiant heat t r ans fe r  in high tempera tu re  domains. For  T > 2000~ the cooling of 
the surface layer  is determined by heat conduction, which will be a comparat ively  slow process  for the dielec-  
t r ic  mater ia l s  under investigation. It is charac te r i s t i c  that the ra te  of change of the cer ican and si l icate speci -  
men surface  t empera tu re  is severa l  t imes higher than that obtained for tungsten at s imi lar  t empera tures  [4]. 

Obtaining confident t ime profiles of the true tempera ture  is a complex problem because of the lack of in- 
formation about the spect ra l  emissivi ty  factors  at t empera tures  above 1200~ for  the mater ia ls  under invest i -  
gation [3]. Hence, under the conditions of the present  experiment,  only approximate methods of mult ieolor  
py rome t ry  not requir ing knowledge of the absolute values of the emissivi t ies  could be used for this purpose.  
For  the case  of t r ico lor  py romet ry  (the possibil i t ies of the ISP-4 spec t romete r ) ,  it is assumed that the emis -  
sivity in the spec t rum range under investigation can be approximated by the expression 

In ea = ao q- ai)~ q- a~s a, (1) 

where a0, a 1, a 2 a re  constant coefficients. 

Such a dependence assumes  a monotonic change in the spectral  brightness of the thermal  emit ter  with 
wavelength. The resul ts  obtained indicate that such a dependence is observed only right af ter  disconnecting the 
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a r c  (t = 0) and at  the end of the t ime  in te rva l  under  invest igat ion (t = 130 m s e c ) .  Redis t r ibut ion of the re la t ive  
ro le  of the contr ibut ions of the di f ferent  wavelength bands,  for  ins tance at t = 10 and 40 msec ,  is obse rved  in 
the 0 -130-msee  range.  This is apparent ly  the r e su l t  of the complex na ture  of the phys ieochemica l  t r a n s f o r m a -  
tions in the fused l aye r  during cooling, which resu l t s  in the imposs ib i l i ty  of approximat ing  the emis s iv i ty  f ac -  
tor  by (1) in the t e m p e r a t u r e  range  under  invest igat ion.  P r o c e s s i n g  the data of the exper imen t  on an e lec t ronic  
computer  by the t h r e e - c o l o r  p y r o m e t r y  method conf i rms  this assumpt ion.  The s y s t e m  of t ranscendenta l  equa-  
tions had no solution sat isfying the genera l  physica l  conceptions of body heating by p l a sma  fluxes in the m a j o r -  
ity of cases .  

Compar ing  spec imen  heating eff iciency in the di f ferent  working r e g i m e s  was p e r f o r m e d  by the change in 
b r igh tness  t e m p e r a t u r e  for  the 1.15 p m  wavelength. Values at the t ime  of d i scharge  cur ren t  disconnect ion a r e  
p re sen ted  in Table 1. 

It  is seen  that the su r face  t e m p e r a t u r e  of the c e r a m i c  spec imens  is ~2200~ for  cu r ren t s  i = 250-350 A, 
and then reaches  2450~ by a jump as the cu r r en t  grows,  and r ema ins  constant  within t h e l i m i t s  of exper imenta l  
e r r o r  up to a 540 A cur ren t .  It is difficult  to obtain reproducib le  r e su l t s  for  cu r r en t s  i < 450 A for  s i l ica te  
m a t e r i a l s  in this geome t r i c  configurat ion of the d i scharge  appara tus ,  and the su r face  t e m p e r a t u r e  is constant  
at 2300~ in the i = 450-540 A cu r r en t  range.  The quanti t ies p resen ted  in the table a re  the br igh tness  t e m p e r -  
a tu res .  If it is a s sum ed  that eX = 0.5 f o r  the wavelength 1.15 #m,  then the t rue  values  of the su r face  t e m p e r a -  
tu res  will be approx imate ly  300~ higher.  

A negligible r i s e  in t e m p e r a t u r e  for  a substant ia l  i nc r ea se  in the d i scharge  cu r r en t  is a r e su l t  of the 
growth in the f rac t ion  of specif ic  the rma l  flux expended in increas ing  the thickness of the mel ted  layer .  This is 
in a g r e e m e n t  with the dependence of the th ickness  of the fused l ayer  on the d i scharge  cu r r en t  a f t e r  spec imen  
cooling, and appea r s  as a change in t e m p e r a t u r e  a f te r  cooling (Fig. 2); the t e m p e r a t u r e  T = 1500~ for  i = 
250 A is built  up 75 m s e c  a f t e r  disconnect ing the cur ren t ,  and for  i = 500 A af te r  140 msec .  
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