
S O M E  A D V A N C E S  IN T H E  S C I E N C E  O F  H E A T  

A N D  M A S S  E X C H A N G E  IN B E L O R U S S I A *  

On Jan. 1, 1979, the Beloruss ian people and the entire Soviet Nation mark  the 60th anniversary  of the 
creat ion of the Beloruss ian Soviet Socialist  Republic and the Communist  Par ty  of Beloruss ia .  And the half- 
century jubilee of the Academy of Sciences of the Belorussian SSR coincides with this memorable  date. 

Before the Great  October Socialist  Revolution Belorussia  was a backward province of t s a r i s t  Russia.  
The Belorussian people were under a double burden --  political and national. Now Beloruss ia ,  an equal 
among all the other republics of the Soviet Union, has a comprehensive  development of the socia l is t  economy,  
sc ience ,  and cul ture.  The scient is ts  of the Republic make a worthy contribution to the development of Soviet 
sc ience --  to mathemat ics ,  phys ics ,  chemis t ry ,  technical  sc iences ,  including the science of heat and mass  
exchange, and others .  

Let us recal l  some of the landmarks in the development of the sc ience  of heat and mass  exchange in 
Beloruss ia .  Heat and mass  exchange is an especially " interdiscipl inary" sc ience ,  important  for  many 
branches of industry and new technology. Historically the development of r e s e a r c h  on heat and mass  ex- 
change in the Republic has proceeded on the basis of the expansion and deepening of thermoenerge t ic  r e s e a r c h  
connected with industrial  thermal  technology,  with drying p rocesses  in par t icu lar .  

Before the Great  Patr iot ic  War investigations of p rocesses  of heat and mass  exchange were conducted 
at the Institute of Industry of the Belorussian SSR (drying of various mater ia ls)  and the Beloruss ian Polytech-  
nic Institute (steam turbines ,  in ternal-combust ion engines, regenera t ive  a i r  heating for  hot -water  hea ters ,  
compar ison of the operation of various types of heat exchangers) .  

In subsequent yea r s  the principal  theoret ical  and experimental  investigations of p rocesses  of heat and 
mass  exchange were concentrated in the Academy of Sciences of the Beloruss ian SSR, where the Power Engi-  
neering Branch of the Peat Institute was f i rs t  created (1946), followed by the independent Energy Sector ,  
responsible  d i rec t ly  to Pres id ium of the Academy of Sciences of the Beloruss ian SSR (1947) and then t r a n s -  
f e r r ed  to the Institute of Power Engineering (1952). 

The creat ion of new engineering and technology and successes  in the development of the sciences of heat 
exchange and mass  exchange, especial ly the thermodynamics  of i r r eve r s ib l e  p roces se s ,  in the 60's  created the 
objective prerequis i tes  for the branching off of a new scientific field -- the study of the process  of i n t e r r e l a -  
t ionship of the energy and mass  t r ans f e r  of mat te r  -- in the sum total of knowledge about heat and mass  t r a n s -  
fe r .  Since A. V. Lykov came to lead the Institute of Power Engineering,  Academy of Sciences of the Belo- 
russ ian  SSR, the f iner thermophysica l  investigations of heat and mass  exchange in their  interdiscipl inary 
aspec t ,  using the fruitful idea of the interrelat ionship of the p rocesses  of heat and mass t r ans f e r ,  have begun 
to develop rapidly.  

The new scientif ic t rend determined the name of the Institute --  in 1963 the Institute of Power Engineer-  
ing was renamed the Institute of Heat and Mass Exchange (IHME), Academy of Sciences of the Beloruss ian SSR. 
In these  y e a r s  the p rog ram of the Institute was rapidly being formed and an experimental  base created,  and the 
main direct ions of the scientif ic r e sea rch  took shape: T rans fe r  p rocesses  in capi l la ry-porous  sol ids,  during 
phase and chemical  t rans i t ions ,  and under steady and nonsteady conditions, heat and mass  exchange in d i sperse  
and rheological ly complicated sys t ems ,  the investigation of the thermophysica l  proper t ies  of mat te r ,  and the 
mathemat ical  theory  of heat and mass t r ans fe r .  

The Institute has become the chief organization in the country for the study of fundamental and applied 
problems and the utilization of phenomena of heat and mass t r ans fe r  in different media for  the purpose of c r ea t -  

* The cycle of work car r ied  out in Beloruss ia  on the 60th Anniversary  of the Great October Socialist Revolution 
has a l ready been illuminated in our journal  ( Inzh . -F iz .  Zh . ,  3_33, No. 5, 1977; the ar t ic le  "Some resul ts  of the 
development of the science of heat and mass exchange in the USSR'),  so that only brief  additions a re  made in 
the present  ar t ic le .  
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Lug the theore t i ca l  bases  for  the  development ,  per fec t ion  , and p rac t i ca l  employment  of highly efficient t echno-  
logical  p r o c e s s e s .  

R e s e a r c h  on gasdynamic  p r o c e s s e s  and phenomena of heat and m a s s  exchange in l a s e r - a c t i v e  media  
have recent ly  been undergoing intensive development  at the IHME. The pr inc ip les  of the method of s e l e c -  
t ive  t h e r m a l  pumping,  which provides  a cons iderab le  I n c r e a s e  in the eff iciency of gasdynamic  l a s e r s ,  have 
been developed.  

The Internat ional  Center  of Academies  of Social is t  Countr ies  fo r  Increas ing  the Qualification of Sci-  
entifi c Personne l  on the P rob l em  SHeat and Mass Exchange" opera tes  at the IHME, Academy of Sciences 
of t h e  Be lo russ ian  SSR (AS BSSR). At the Insti tute the re  a r e  a lso  edi tors  f r o m  the Soviet Union for  the 
in ternat ional  journal  Heat and Mass T r a n s f e r ,  published in London s ince 1960 by Pe rgamon  P r e s s ,  and 
edi tors  f r o m  the USSR for  the journal  Heat T r a n s f e r  - -  Soviet R e s e a r c h ,  published in the USA since 1969. 

Five All-Union conferences  on heat and m a s s  exchange with the par t ic ipat ion  of many foreign s c i en -  
t i s t s  have a l ready  met  in Minsk. F r o m  1960 to the p re sen t  92 monographs  have been published by sc i en -  
t i s t s  of the Inst i tute of Heat and Mass Exchange,  Academy of Sciences of the Be loruss ian  SSR, alone.  

Invest igat ions in the field of t he rmophys ic s  and p r o c e s s e s  of heat and m a s s  t r a n s f e r  developed r a -  
pidly in the 60s at other inst i tutes  of the AS BSSR and univers i t ies  and s c i e n t i f i c - r e s e a r c h  inst i tutes of the 
republ ic  besides  the IHME AS BSSR: The Inst i tute of Nuclear  Power  Engineer ing (INPE), the Inst i tute of 
Mechanics of M e t a l - - P o l y m e r  Sys tems (IMMS), the Inst i tute  of Pea t ,  the Centra l  Sc ien t i f i c -Resea rch  Ins t i -  
tute for  the Comprehens ive  Util ization of Water  Resou rces  (CSRICUWR) of the  Minis t ry  of Land R e c l a m a -  
t ion and Water  Management  of the USSR, the Be lo russ ian  Insti tute of Rai l road T r a n s p o r t  Eng ineers ,  a 
b ranch  of the G. M. Krzhtzhanovski i  P ower -Eng inee r i ng  Inst i tute ,  andthe  Technologica l  and Polytechnic  Inst i tutes .  

The main  di rec t ion in the act ivi ty  of the INPE AS BSSR is the deve lopment ,  toge ther  with a number  
of o rgan iza t ions ,  of questions connected with the solution of the mos t  impor tant  p rob lem in the national 
economy of the nation - -  the p rob l em  of the fue l - -energy  balance on the bas is  of the development  of nuclear  
energy .  The Inst i tute  has advanced the idea of using a fundamental ly new h e a t - t r a n s f e r  agent in a tomic  
power plants (APP) - -  a d issocia t ing  gas  - -  support ing this idea with a combination of theore t ica l  and ex-  
pe r imen ta l  r e s e a r c h .  The work  of the INPE shows that  d issocia t ing ni t rogen te t roxide  is one of the p r o -  
raising h e a t - t r a n s f e r  agents for  A P P ,  espec ia l ly  those  with f a s t -neu t ron  r e a c t o r s .  

The main resu l t s  of the sc ien t i f ic ,  expe r imen ta l - cons t ruc t ion ,  and production act ivi ty of the Insti tute 
of Nuclear  Power  Engineer ing have been the per fec t ion  of insta l la t ion and r e p a i r  work on the t e s t - i ndus t r i a l  
expe r imen ta l  ins ta l la t ion V i kh r ' - 2  having a f l ame  hea te r  with a t h e r m a l  power  of 5000 kW. 

The Inst i tute of Mechanics of M e t a l - - P o l y m e r  S y s t e m s ,  AS BSSR, is developing the scient i f ic  p r i n -  
ciples for  the c rea t ion  of composi te  m a t e r i a l s  based on p o l y m e r s ,  m e t a l s ,  s i l i ca t e s ,  and wood, and it 
conducts r e s e a r c h  in the field of the na ture  and mechan i sm of f r ic t ion  and wear  of composi te  m a t e r i a l s ,  
the mechan i sm of the in terac t ion  of the main  components  of compos i te  s y s t e m s  with an ex te rna l  medium,  
and opt imizat ion of the technological  and predic t ion of the opera t ional  p rope r t i e s  of a r t i c l e s  and coatings 
made of new m a t e r i a l s .  

A complex of invest igat ions on the influence of the s t ruc tu ra l  s t a te  of po lymer  m a t e r i a l s  on the 
t he rmophys i ca l  p rope r t i e s  of compos i te  s y s t e m s  has been c a r r i e d  out at the IMMS, AS BSSR. The in f luence  
of the  the rmophys ica l  and su r face  p rope r t i e s  of meta ls  on the p r o c e s s e s  of s t r u c t u r e  fo rmat ion  in boundary 
l aye r s  upon contact between a po lymer  mel t  and a solid su r f ace  was studied.  The phenomenon of the d i s -  
solving of meta l s  by po lymer  mel t s  was d i scovered .  New procedures  have been developed fo r  modifyLug 
the su r f ace  p rope r t i e s  of meta l s  and po l ym er s  to obtain s table  adhes ive  bonding of the components .  

Invest igat ions of p r o c e s s e s  of finidization of d i spe r s e  m a t e r i a l s  with the i r  subsequent  cooling at 
me ta l  su r faces  and the t h e r m a l  fo rmat ion  of m e t a l - - p o l y m e r  compounds have made it poss ib le  to  develop 
pr inc ip les  for  opt imizing the technological  p a r a m e t e r s  for  the deposi t  of po lymer  coatings with al lowance 
for  the spec i f ics  of the in te rac t ion  between po lymer s  and me ta l s .  

Invest igat ions of p r o c e s s e s  of heat and m a s s  t r a n s f e r  in peat  and its theologica l  p rope r t i e s  a r e  being 
conducted at  the Inst i tute of Pea t ,  AS BSSR. 

The nature  and mechan i sm of the t r a n s f e r  of heat and mo i s tu re  in peat ,  i ts  t he rmophys i ca l  and s t r u c -  
t u ra l  c h a r a c t e r i s t i c s  needed for  the development  of efficient ways of prepar ing  peat blocks for  exploitation, 
the control  of peat  dehydrat ion p r o c e s s e s ,  and the obtainment of high-quaLity production a r e  invest igated on 
the basis  of modern  concepts  about heat and m a s s  t r a n s f e r  in cap i l l a ry -po rous  s y s t e m s .  P r o c e s s e s  o f  
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s t ruc ture  formation and heat and mass t rans fe r  in the radiat ive--convect ive mode of drying of natural peat and 
peat naodified by additions of sur face-ac t ive  substances and polyelectrolytes  are  being studied, which allows 
one to control  p rocesses  of mois ture  t r ans fe r  and the quality of products based on peat. 

The problems of the national economy being solved by the CSRICUWR, COlmected with the development 
of methods for improving the filtration propert ies  of heax3, soils and grounds and of methods for predicting" 
their  proper t ies  in salinization and leaching p roces se s ,  par t icular ly when using mineral ized x~ater for i r r i ga -  
tion, have required the per formance  of a number of scientific investigations invoh'ing the study of the adsorp-  
tion and fil tration proper t ies  of complicated disperse  sys tems ,  consisting mainly of rock- forming  clay minerals .  
This work is now being performed using [R-spec t roscop ic ,  x - r a y -  s t ruc tura l ,  e l ec t ron-micros  copic, and g a s -  
chromatographic  methods for the analysis of d isperse  sys tems .  

The results  obtained provide new information on the s t ruc ture  of bound ~x~ater and the s t ruc ture  of d is -  
perse  media in the sur face  layers  of a solid phase and explain the mechanism (nature) of the permeabil i ty of 
finely d isperse  sys tems modified by exchange cations and water-soluble  polymers during the fil tration of liquids. 

Research  in the field of the development of the theory of in terre la ted processes  of t r ans fe r  of energy,  
momentum,  and mass in rheol~gically complex media of the type of meta l - -polymer  composites and thick lubri-  
cating f i l ler  mater ia l s ,  to increase  the productivity,  durabili ty,  rel iabil i ty,  and efficiency of components and 
details of machines and mechanisms with a simultaneous decrease  in the metal content and cost ot" the a r t ic les ,  
have been conducted in the last few years  in the Scient i f ic-Research Laboratory of Applied I'hysiOs Problems 
in the Department of Physics (SRL APP) of the Belorussian Institute of Railroad Transpor t  Engineers (Gomel). 

Research  on the drying of gra in  and of food and vitamin preparat ions for the agr icul tura l  economy, for 
which a fa r - reach ing  development p rogram was outlined by the July (1978) Plenum of the Central Committee 
of the Communist  Par ty  of the Soviet Union, is developing successful ly in the jubilee yea r  at the A. V. Lykov 
institute of Heat and Mass Exchange, AS BSSR. 

In the jubilee y e a r ,  as a l ~ y s ,  the scient is ts  of Belorussia  who a re  special is ts  in the field of heat and 
mass exchange consider  it their  honorable duty to part icipate actively in the solution of the urgent problems 
formulated by the Communist  Par ty .  

S P A T I A L - - T E M P O R A L  P U L S A T I O N S  O F  AN A R C  

P L A S M A  P I N C H  IN A P L A S M A T R O N  C t I A N N E L  

V.  D.  S h i m a n o v i c h ,  G.  P .  L i z u n k o v ,  
O. I .  Y a s ' k o ,  N. F .  A l e s h i n ,  
a n d  A.  F .  B u b l i e v s k i i  
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The resul ts  of an investigation of the pulsation charac te r i s t i cs  of the arc  column in a p lasmatron,  
based on a s tat is t ical  analysis  of emission t r aces ,  a re  presented.  

The study of p rocesses  taking place in a p lasmatron  channel and the calculation of the e lec t r i c -hea te r  
charac te r i s t i cs  a re  impossible  without knowledge of the parameters  of the hottest zone of the plasmatron -- 
the a rc  pinch. Plasma diagnostics in the channel is usually hindered by pulsations of the pinch in t ime and 
space,  which requires  an experiment with t ime resolution [1]. Spectroscopic methods of determining the 
pa rame te r s  of a nonsteady a rc  plasma from the t ime- in tegra l  emission a re  descr ibed in [2-6]. The normal  
distribution law of t r ansve r se  displacements  of the pinch, required for the real izat ion of this p rocedure ,  was 
established by the authors for  a limited range of the working pa rame te r s ,  and it is general ly postulated for the 
brightness pulsations of the pinch emission [6]. The present  repor t  is devoted to the ful'ther development of 
the methods of plasma diagnostics for  e lect r ic  heaters .  

Institute of Phys ics ,  Academy of Sciences of the Belorussian SSR. A. \i. Lykov Institute of Heat and 
Mass Exchange, Academy of Sciences of the Belorussian SSR, Minsk. Translated from Inzhenerno-F iz iches -  
kii Zhurnal,  Vol. 35, No. 6, pp. 969-971, December ,  1978. Original ar t ic le  submitted December  29, 1977. 
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