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In h e a t - t r a n s f e r  invest igat ions  in the inter tube space  of heat  exchangers ,  the h e a t - t r a n s f e r  coeff icient  
has  so  fa r  only been  de te rmined  for  a tubular  beam.  For  a deeper  study of this p r o c e s s ,  it is n e c e s s a r y  to de -  
t e r m i n e  the d is t r ibu t ion  of c~ over  the length of each  tube of the  beam.  

In th is  pape r  it  is  sugges ted  that  a r e p r e s e n t a t i o n  of th is  d is t r ibut ion  can be  obtained by  invest igat ing the 
m a s s  t r a n s f e r  in the in ter tube space  of a model  of  the hea t  exchanger  using the analogy be tween the hea t -  
t r a n s f e r  s ~  m a s s - t r a n s f e r  p r o c e s s e s .  

A quanti tat ive re la t ion  between the h e a t - t r a n s f e r  and m a s s - t r a n s f e r  coeff ic ients  has  been  es tabl ished in 
the case  of the t r a n s v e r s e  flow of a liquid around a s ingle  cyl inder  [1 ]. 

In th is  pape r  the r e s u l t s  of an invest igat ion of the  m a s s  t r a n s f e r  in the inter tube space  of a model  - an 
analog of the  hea t -exchange  appara tus  without t r a n s v e r s e  par t i t ions  - a r e  presented .  The data  given in [2] 
w e r e  used to de t e rmine  the g e o m e t r i c a l  d imens ions .  The tubes  in the model  a r e  r ep laced  by  rods  each of 
which is in the f o r m  of a se t  of 30 t e s t  cy l inders .  The m a s s  t r a n s f e r  was invest igated under s t e ady - s t a t e  con-  
dit ions of the mot ion  of the liquid in the r ange  of Reynolds number s  Re = 5500-17,000. 

F igure  1 shows the dis tr ibut ion of the m a s s - t r a n s f e r  coeff icient  k over  the length of each rod  of the 
beam.  

The c r i t e r i a l  equations which d e s c r i b e  the  m a s s  t r a n s f e r  of each rod  of the b e a m  w e r e  obtained. For  the 
m a s s - t r a n s f e r  p r o c e s s  of  the whole b e a m  of r eds  in the flow of liquid the equation has  the fo rm 

N~=O.23S~ ~ .~. 
The pa r t  played by  each  individual r ed  in the m a s s - t r a n s f e r  p r o c e s s  of  the b e a m  was de te rmined .  E x p e r i -  
men t a l  invest igat ions were  m a d e  of the heat  t r a n s f e r  in the inter tube space  of a hea t  exchanger  of  the s a m e  
g e o m e t r i c a l  d imens ions ,  which conf i rmed the p rev ious ly  obtained re la t ion  between ~ and k. 

The p roposed  method enables  a m o r e  deta i led invest igat ion to be  made  of the heat  t r a n s f e r  in the i n t e r -  
tube space  of a hea t  exchanger .  

a b c d e f 

Fig. 1. Dis t r ibut ion of the m a s s - t r a n s f e r  coeff ic ient  
k ove r  the  length of each  rod  of the beam:  a) r ed  No. 
1; b) No. 2; c) No. 3; d) No. 4, 5 ;e)  No. 6; f) No. 7, 
8. k .  10 e, m / s e c .  
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The exper imen ta l  inVestigations made  using this  method of analogy show that  the actual  values  of ~ con-  
s iderably  exceed the values  obtained f rom the c r i t e r i a l  equations. 
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T h e r m o a n e m o m e t e r  p robes  have been  success fu l ly  used for  the diagnost ics  of  a par t i a l ly  ionized gas.  
The i r  use enables  one to de t e rmine  the t e m p e r a t u r e  of the e lec t rons  and neutra l  pa r t i c l e s ,  the concentra t ion 
of charged and neutra l  pa r t i c l e s ,  and the potential  of a p lasma .  Under ce r t a in  conditions t h e r m o a n e m o m e t e r  
p robes  can be employed to m e a s u r e  the accommodat ion  coefficients  of the ene rgy  of ions in the m a t e r i a l  of the 
working sur face  of the probe.  

The ene rgy -ba l ance  equation for a t h e r m o a n e m o m e t e r  probe  has  the fo rm 

- , 0 [ A OTw'~ 

where  for V > 0 

and for  V < 0 

l e  
Qtz~Qe~ 7-  (x+We+e]VI), 

e 

and for in te rmedia te  potent ials  V <_ 0 Q~ = Qi + Qe- H e r e  Qn,~ is the amount of heat  given to the probe  by 
the neut ra l  and charged pa r t i c l e s ;  ~ = h i - ~, d i f ference between the ionization energy  and the work  function; 
W~, energy of a pa r t i c le  t r a n s f e r r e d  to the p i a s m a - l a y e r  su r face  of separa t ion ;  J ,  e l ec t r i c  heating energy;  
Ti, s e c o n d a r y - e m i s s i o n  factor ;  A, a r e a  of the working sur face  of the probe.  

In the cour se  of the exper iment  when working with the t h e r m o a n e m o m e t e r  p robes ,  two c h a r a c t e r i s t i c s  
a r e  s imul taneously  plotted: T w = T w (V) - the t e m p e r a t u r e  cha rac t e r i s t i c  and I~ -- !~(V) - the p robe  c h a r a c '  
t e r i s t i c .  On the t e m p e r a t u r e  cha rac t e r i s t i c  there  a r e  a lways points with di f ferent  t e m p e r a t u r e s  for di f ferent  
potent ials  of the probe  T~w (V A < 0 ) = TBw (V B > 0). F r o m  the ene rgy -ba l ance  equation for  these  points,  we ob-  
ta in  Q~i = Qe B or tain Q~i = QeB or 

l fi~+~(Wi+eTVA IB ] ) -  ~'iX] = - -  ( x + W e - 1 - e I V B [ )  �9 
e 

This re la t ion  enables  one to de t e rmine  the accommodat ion  coefficient  of the energy  of the ions ~ i  in the m a -  
t e r i a l  of  the working sur face  of the t h e r m o a n e m o m e t e r  probe.  

Exper imenta l  invest igat ions were  made  on a gasdynamie  p l a s m a  a r r a n g e m e n t  in a flow of r a r e f i ed  
p l a s m a  genera ted  by a ga s -d i s cha rge  source .  Nitrogen and a rgon  of high pur i ty  were  used as  the working 
gases .  The acce le ra ted  beam of ions of intensity jr162 - 1015-101~ i o n s / c m  ~- sec was admit ted into the working 
chamber ,  the res idua l  gas p r e s s u r e  in which was ~7 �9 10- 7 _ 1 0 - 6  t o r t .  The m e a s u r e m e n t s  w e r e  made  over  a 
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Fig. 1. Accommodat ion  coeff icients  of the 
energ~y of the ions Ar  § (1) and N 2 (2) in 
molybdenum. U~o, k m / s e c  

wide range  of ion ve loc i t i es  (Uoo ~ 6.5-25 k m / s e c )  for  a p r e s s u r e  in the working chamber  of ~1 .5"  I0  - s  t o r r .  

In the m e a s u r e m e n t s  we used a plane t h e r m o a n e m o m e t e r  probe  in the fo rm of a molybdenum disk ~ ~- 
0.12 nun with a working su r face  of d i a m e t e r  3.5 r am,  to the r e a r  side of which cur rent -conduct ing  e lements  
and a thermocouple  w e r e  connected.  

The r e s u l t s  of  the m e a s u r e m e n t s  a r e  shown in the f igure.  Curve  1 shows the va lues  of  ~ i  of  Ar  + ions 
and cu rve  2 shows this coeff icient  for  N~2 ions. The t e m p e r a t u r e  of the p robe  su r face  when m e a s u r i n g  ~i was  
T w = 304-312~ It should be  noted that  when de te rmin ing  a i  the points on the curve  T w = Tw(V) w e r e  
chosen  to be  such that  e I VA I << Wi" The r e su l t s  of the m e a s u r e m e n t s  a r e  in s a t i s f ac to ry  a g r e e m e n t  with the 
va lues  ~ i  = 0.75 �9 0.05 and ~ i  = 0.81, and 0.84 for Ar  + ions with energ ies  W i = 21-141 eV on Me obtained 
in [1, 2], and the calculated values  ~ i  = 0,682 for  N~ ions for W i = 14.5 eV on Mo [3]. 
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The ma in  fea tu re  of the heat  exchanger  cons idered  is  the fact  that  the t ime  that  the solid and gas hea t  
c a r r i e r s  r e m a i n  in the appara tus  d i f fer  by a fac tor  of s e v e r a l  hundred. The data  avai lable  in the l i t e ra tu re  on 
m a t h e m a t i c a l  mode ls  of heat  exchangers  ignore th is  fea ture  which m a k e s  it difficult  to use them. 

Equations desc r ib ing  the cooling of  ca rbon  by  a gas  heat  c a r r i e r  a r e  obtained by  consider ing the t h e r m a l  
ba lance  on a a  e l emen t  of  length of the heat  exchanger  taking into account the change with t i m e  of the amount  of  
hea t  in this  e lement .  We used an approx imat ion  of the m e a n  t e m p e r a t u r e  and i ts  de r iva t ives  in the fo rm t m = 
( t in+tout}/2,  dtm/dT = d t o u t / d T ,  which gives the bes t  qual i ta t ive desc r ip t ion  of the p r o c e s s  a t  the init ial  in -  
s tant  of t i m e  a f t e r  a sudden pe r tu rba t ion  is applied. 

To change f rom the di f ferent ia l  equations in pa r t i a l  de r iva t ives  to the usual equations,  the heat  ex -  
changer  was  r e p r e s e n t e d  in the fo rm of a number  of s e r i e s : c o n n e c t e d h e a t  exchangers ,  i .e . ,  i t  was  divided 
into s e v e r a l  zones  with a l inear  change in the  t e m p e r a t u r e  along the length of each zone. As the number  of 
zones  is  i nc reased  the a c c u r a c y  of the approx imat ion  i n c r e a s e s ,  but  the number  of  d i f fe rent ia l  equations a l so  
i n c r e a s e s ,  which compl ica tes  the p rob lem.  When solving a s y s t e m  of d i f fe rent ia l  equations with t ime  con-  
s tants  d i f fer ing  by a fac tor  of  hundreds ,  using a s tandard  Runge--Kut ta  p r o g r a m ,  in o rde r  to obtain s tab i l i ty  it  
is  n e c e s s a r y  to choose an e x t r e m e l y  smal l  in tegra t ion s tep,  which involves cons iderab le  computat ion t ime.  To 
economize  on computat ion t ime  a specia l  p rocedu re  of  separa t ing  the sy s t em of equations into a lgebra ic  and 
d i f ferent ia l  pa r t s  is employed.  

When invest igat ing the dynamics  of a heat  exchanger  we calculated the t r ans ien t s  when there  were  sud-  
den pe r tu rba t ions  in t e m p e r a t u r e  and the flow r a t e  of  the solid mid gaseous  hea t  c a r r i e r s .  Along the channel 
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the t e m p e r a t u r e  of the solid heat  c a r r i e r  at  the input - the t e m p e r a t u r e  of  the solid heat  c a r r i e r  at  the output 
of the heat  exchanger  is approximated  by s e r i e s - connec t ed  aper iodic  sec t ions ,  or ,  to a f i r s t  approximat ion ,  i t  
can  be r e p r e s e n t e d  by  a f i r s t - o r d e r  aper iodic  sec t ion  and a pure  delay section.  Simi lar  cons idera t ions  hold 
for  the t e m p e r a t u r e  of the solid c a r r i e r  a t  the input and the t e m p e r a t u r e  of the gaseous  hea t  c a r r i e r  a t  the 
output for  the channe l  Fo r  the channel the t e m p e r a t u r e  of the heat  c a r r i e r  a t  the input and the t e m p e r a t u r e  
of the heat  c a r r i e r  a t  the output of the heat  exchanger  Can be  approximated  by  two pa ra l l e l - commcted  sec t ions ,  
one of which is  a f i r s t - o r d e r  aper iodic  sec t ion  and the second is an ampl i f ie r .  Since the flow r a t e  of the c a r -  
bon and the heat  c a r r i e r  occur  in the se t  of d i f ferent ia l  equations in the fo rm of a complex  function the t r a n s i -  
ents  in the flow r a t e  a r e  calculated for  d i f ferent  per tu rba t ion  levels .  

Hence~ a heat  exchanger  with a v e r y  d i f fe ren t  t ime  in which the solid and gaseous  hea t  c a r r i e r s  r e m a i n  
in the s y s t e m  is  a quite complex  object  f r o m  the point of view of automat ic  control .  The ma thema t i ca l  r e l a -  
t ions given can be  used for numer ica l  calculat ions of such sys t ems .  The ma thema t i ca l  model  obtained should 
s e rve  as  a ba s i s  for  designing s y s t e m s  for  the automat ic  control  of the t e m p e r a t u r e  of the solid heat  c a r r i e r .  

Ar t i c l e  deposi ted a t  the All-Union Insti tute of Sc i en t i f i c -Techn ica l  I n f o r m a t i o n . . R e g .  No. 3261-78 DeD. 
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A N A L O G Y  B E T W E E N  S E M I C O N D U C T O R  

T H E R M I S T O R S  A N D  A T R A N S V E R S E L Y  

B L O W N  E L E C T R I C  A R C  

A .  S.  S e r g i e n k o  UDC 533.9.082.15 

To s imula te  the p r o c e s s e s  taking place in e l ec t r i c  a r c s  and to des ign  the appropr ia t e  e lec t r i c  c i rcu i t s ,  
an  analogy can be  drawn between semiconductor  t h e r m i s t o r s  and the e l ec t r i c  a rc .  Despi te  the d i f ference  b e -  
tween the ex te rna l  and internal  accompanying 'phys icochemica l  p r o c e s s e s ,  the b a s i s  for  consider ing these  
t h e r m i s t o r s  f rom a single posi t ion is the dependence of thei r  s ta t ic  r e s i s t a n c e  R on the t e m p e r a t u r e .  

We choose as  the object  of c o m p a r i s o n  a gas  e l ec t r i c  a r c  [1, 2], which burns  under conditions of g a s -  
vo r t ex  (air) spat ia l  s tabi l izat ion in the d i s cha rge  chamber  of a coaxial  c i rcu i t  (d a = 3 �9 10 -2 m,  l a  = 1.2 - 10 -2 
m ,  d k = 1.6 �9 10 -2 m,  and l k  = 5 . 1 0  -2 m ) ,  and as  the solid semiconductor  types  KMT-1 (R20 = 102.8 k~2, B = 
4225~ T c = 20-80~ [3], KMT-14 (R20 = 71 k~)  [4], and MT-57 (T T = 60~ T c = 21.2~ W = 6 m"  sec -1, 
and R60 = 1.75 kl2). [3]. 

The quali tat ive and quanti tat ive compara t i ve  ana lys i s  c a r r i e d  out on es tabl i sh ing an  analog~- between 
semiconductor  t h e r m i s t o r s  and the t r a n s v e r s e l y  blows dc e l ec t r i c  a r c  enables  us to s ta te  the  s imi l a r i ty  with 
r e s p e c t  to the following c r i t e r i a :  1) the c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c  (R < 0), 2) the e l e c t r i c - c i r c u i t  equa-  
t ion (Kirchhoff ' s  second law), and the s tabi l i ty  condition (Kaufman 's  c r i te r ion) ,  3) the range  of working modes  
of opera t ion  (boundaries) ,  4) the c i rcu i t  supply c o e f i c i e n t  (T > 0), 5) the convect ive sensi t iv i ty  coeff icient  of 
R ( ,  > 0), 6) the t e m p e r a t u r e  sensi t ivi ty  coefficient  of R (Arid ~ Af~T), 7) the power sens i t iv i ty  coefficient  of 
R (m < 0). 
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T E M P E R A T U R E  F I E L D  OF A T H I N  S H E L L  W I T H  

A N  O P E N I N G  I N  C O N V E C T I V E  H E A T  E X C H A N G E  

A.  P. M a t k o v s k i i  a n d  T .  A.  N e m a n e z h i n a  UDC536.21 

Using the hea t -conduct ion  equation of thin shel ls ,  the nonsta t ionary t e m p e r a t u r e  field of a shell  with a 
c i r cu l a r  openi1~g is de te rmined  under convect ive hea t -exchange  conditions with an ex te rna l  medium,  whose 
t e m p e r a t u r e  is a function of the coordinates  and t ime.  Boundary conditions of the f i r s t ,  second, or  third kind 
a r e  specif ied on the contour of  the opening. In the neighborhood of the opening the assumpt ions  of the theory  
of f iat  shel ls  a r e  used, v iz . ,  that the middle  su r face  of the shell  p o s s e s s e s  a m e t r i c  of Eucl idean geome t ry  
while the p r inc ipa l  cu rva tu r e s  a r e  constant.  

The p rob l em  reduces  to solving an equation of the fo rm 

0F 

with the cor responding  boundary conditions. He re  ~ is a ce r t a in  constant,  the function g is  e x p r e s s e d  in 
t e r m s  of the t e m p e r a t u r e  of  the med ium t (c) around the su r face  of the shell ,  A is the Laplace  ope ra to r ,  and 
r is the d imens ion less  t ime.  

The solution of this  p rob lem was  found using the Four i e r  method of sepa ra t ion  of the va r i ab l e s  and the 
Lap lace  in tegra l  t r a n s f o r m .  Equations a r e  a l so  p resen ted  for  the approx imate  calculat ion of the t e m p e r a t u r e  
field obtained using the asympto t i c  r ep re sen t a t i on  of the Macdonald functions, 

A spec ia l  case  is  considered in which the t e m p e r a t u r e  of the externa l  medium depends only on t ime,  and 
the initial  t e m p e r a t u r e  of the shell  t o  is constant.  

Resul ts  of calcula t ions  of the in tegra l  t e m p e r a t u r e  c h a r a c t e r i s t i c  T 1 when t(c)  = cos  co~, to = 0 a r e  
p resen ted .  In th is  c a s e  convect ive heat  exchange with the  med ium whose t e m p e r a t u r e  is z e r o  occurs  on the 
contour of the opening. The f igure shows va lues  of T 1 on the contour of  the opening for  w = ~/12.  

\ , . ~ j  
-q,-," ~ \ - / 

\ 
~ J  

"zoo , 8 /z r 

Fig. 1. Dependence of the in tegral  t e m p e r -  
a tu re  cha r ac t e r i s t i c  T 1 on the t ime  T, for  
different  va lues  of Bi  - the re la t ive  hea t -  
t r a n s f e r  coefficient  f rom the contour of the 
opening: 1) Bi  = 0 (the opening is  t he rma l ly  
isolated and has  no effect  on the t e m p e r a -  
tu re  field of the she l l ) ;  2, 3, 4) Bi  = 6.7, 67, 
and o% respec t ive ly .  The dashed curve  is 
the t e m p e r a t u r e  of the med ium on the s u r -  
faces  of the shell .  
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G E N E R A L I Z E D  N O N A X I S Y M M E T R I C A L  P L A N E  

T E M P E R A T U R E  F I E L D S  I N  AN I N F I N I T E L Y  

L O N G  C O N T I N U O U S  O R T H O T R O P I C  C Y L I N D E R  

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

N. B .  K a r a v a n o v a  a n d  M. P .  L e n y u k  UDC 536.21 

The p rob lem of construct ing an a x i s y m m e t r i c a l  s tochas t ic  plane t e m p e r a t u r e  field in an infinitely long 
uniform or thot ropic  continuous cyl inder  of rad ius  R, under convect ive hea t -exchange  conditions obeying New- 
ton ' s  law with the surrounding medium,  the t e m p e r a t u r e  of which is a random function of t ime  leads to in te -  
gra t ion  in the region D = [ ( r ,  ~ ,  t ) ,  0 _ r _ R, 0 _ r < 2~r, 0 < t __< t~ _ + ~} of the equation 

1 X-T or [X-T 1 aT ~ X T ]  
~ at: ~..bc - ~ -  t. ~ + ~ ~ § r20q)'-. J = f(t, z, q)) (1) 

with the initial  and boundary conditions 

trio ~)' a~ t=o = 
T = ~1 (r, - -  % (r, q~), 

--gr - ~lh 1-~-~A~.-~- r = r (t, 9), 

OT I 0 OkT OkT 
0-5-It=--0 ' ~ (t, r, ~ < 2~)= ~ u,  r, ~), k=0,1 

Here  f and ~b a r e  s ta t ionary  random functions of t ime  (s ta t ionary  in the wide sense) [1]. The remain ing  quan-  
t i t ies  a re  the genera l ly  accepted ones [2, 3 ] . .  

The b a s i s  for obtaining the s t ruc tu re  of the s tochast ic  t e m p e r a t u r e  field in D is the de te rmin i s t i c  so lu -  
t ion of p rob lem (1)-(2) constructed by the Laplace  in tegra l  t r a n s f o r m  method L and by  the method of the finite 
Four i e r  in tegra l  t r a n s f o r m  Fn, introduced by the authors .  

As an example ,  we p r e s en t  the co r r e l a t i on  functions and power of the t e m p e r a t u r e  f ields for the m o s t  
impor tant  random p r o c e s s e s  f rom a p rac t i ca l  point of view (the co r re l a t ion  functions Kf = 5 (te - t 1) and 
g f  = exp { -  ~( I t2 - t~ I})" 

By combinat ions of the l imit ing ra t ios  of the p a r a m e t e r s  Wr, b r ,  h, ill, f12 we obtain the fundamental  
c h a r a c t e r i s t i c s  of both pure  wave and parabol ic  s tochas t ic  t e m p e r a t u r e  f ields for  one of th ree  types of bound- 
a r y  conditions. 
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