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C O N V E C T I V E  H E A T  E X C H A N G E  B E T W E E N  

C O A X I A L  R O T A T I N G  C Y L I N D E R S  

M .  B .  R a i t s i s  UDC532 .54  

The resu l t s  of an expe r imen ta l  s tudy of the heat  exchange between hor izonta l ,  coaxial ,  rotat ing cy-  
l inders  during l am i na r  flow with m a c r o v o r t i c e s  showed that with ro ta t ion  of only the inner  cyl inder  and a 
t e m p e r a t u r e  difference of up to 220~ between the su r f aces  of the cyl inders  in a range of T a y l o r  numbers  
of 2 �9 103--10 ~ the ef fec t  of a negat ive radia l  t e m p e r a t u r e  gradient  on the coeff icient  of convective heat  ex-  
change is taken into account  by calculat ing the phys ica l  p a r a m e t e r s  for  the a r i t hme t i c  mean  t e m p e r a t u r e  
of the gap.  

With s imul taneous  ro ta t ion  of the coaxial  cy l inders  an inc rease  in the ro ta t ion  ra te  of the outer  cy-  
l inder  p romotes  s tabi l iza t ion of the flow and the re fore  a dec rea se  in the heat  exchange coeff icient .  The 
resu l t s  of expe r imen t s  conducted in a range of T a y l o r  numbers  of 0-105 and ra t ios  of the angular  veloci t ies  
of the cyl inders  of 2 .5 -25 /36  a r e  genera l i zed  by e m p i r i c a l  equat ions .  

A study of the ef fec t  of a negat ive rad ia l  t e m p e r a t u r e  gradient  on the s tabi l i ty  of the Couette flow of 
a s t rongly  viscous  liquid, for  which we used  solutions of g lycer in  in wa te r  a t  concentra t ions  of 77.4 and 
94.1%, showed that whereas  with the flow of a gas the negat ive radia l  t e m p e r a t u r e  gradients  p romote  an 
inc rease  in the s tabi l i ty  threshold ,  in the given case  they dec r ea se  the s tabi l i ty  of the flow by crea t ing  
la rge  v i scos i ty  g rad ien t s .  The change in the s tabi l i ty  threshold  can be de te rmined  f r o m  the empi r i ca l  
equation p roposed .  

A visual  s tudy of the seconda ry  flows conf i rmed  the s tabi l iz ing effect  of the rota t ion of the outer  cy-  
l inder  and the poss ib i l i ty  of the development  of instabi l i ty  under  the ef fec t  of a s y m m e t r i c a l  d is turbances  
during the ro ta t ion  of the cyl inders  in opposite d i rec t ions .  

Dep. 815-74, November  26, 1973. 
Original  a r t i c l e  submit ted  May 15, 1972. 

H E A T  E X C H A N G E  A N D  C R I T I C A L  H E A T  L O A D S  

D U R I N G  B O I L I N G  IN A H O R I Z O N T A L  S L O T  

I M M E R S E D  IN A F R E E  V O L U M E  O F  L I Q U I D  

A .  L .  K o b a  a n d  G .  F .  S m i r n o v  UDC 536.423.1 

The work  is devoted to an expe r imen ta l  study of the heat  exchange and c r i t i ca l  heat  loads during 
boiling in a p l ane -pa ra l l e l  s lot  gap with one-s ided  heating i m m e r s e d  in a f ree  volume of liquid. 

The exPer iments  were  conducted on an ins t rument  of the usual  type.  The working sect ion consis ted  
of a g lass - t ex to l i t e  backing with a n ichrome plate ,  the hea te r ,  cemented  on. A movable  plate was fas tened 
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on top, forming the slot gap. The heating of the nichrome plate was produced by the direct  passage of an 
al ternat ing cur ren t .  The hea ter  tempera ture  was determined b y c o p p e r - c o n s t a n t a n t h e r m o c o u p l e s  and the 
cr i t ical  heat load was determined at the moment  of the automatic breaking of the power c i rcui t  upon a sharp 
increase  in the tempera ture  of the working section.  

The studies were conducted with the boiling of water  and ethyl alcohol under conditions of a tmospher ic  
p r e s su re .  The load was var ied in the range of 104--106 W / m  2. 

It is noted that at smal l  heights of the slot  gap one records  the mechanism of a process  differing con- 
s iderably f rom the mechanism of boiling in a free volume. With slot s izes close in absolute value to the 
separat ion diameter  d o of a bubble,one observes  an increase in the heat exchange intensity and a decrease  
in the cr i t ica l  heat loads. 

Based on the limiting relat ionships,  we propose as the dimensionless geometr ica l  pa rame te r  of the 
slot  the value 

5 
F-- 

D0" 

A general izat ion of the experimental  data on the heat exchange and cr i t ical  heat loads is presented in the 
form 

1 
Nu,=G1Re~Pr rn th (G2F) ' (1)  

qcr.b = qcr.v th (GaF), (2) 

where Nu,,  Re , ,  and the constants G 1, n, and m correspond to any c r i t e r ia l  relat ionships adopted for the 
calculation of heat t r ans fe r  during boiling. 

F r o m  an analysis  of the experimental  data G 2 = 0.48 and G a = 1 .2 .  

The study conducted indicates the existence of definite proper t ies  of the boiling process  in a plane 
horizontal  Mot immersed  in a free volume of liquid. 

Equations (1) and (2) can be recommended in a f i r s t  approximation for engineering calculations.  

Dep. 814-74, November  26, 1973. 
Odessa  Technological  Insti tute of the Refr igera t ion Industry  
Original  a r t ic le  submitted October  49 1972 

THERMODYNAMIC CHARACTERISTICS OF A 

VORTEX TUBE WITH SUPPLEMENTARY FLOW 

A.  P .  M e r k u l o v  a n d  S h .  A .  P i r a l i s h v i l i  UDC 536. 244 : 
532.501.312 

The relat ively low energy efficiency of vortex tubes r e s t r i c t s  the reasonable a reas  of their  application 
in engineering.  Because of this, questions of the stndy of the possibil i ty of increas ing their  adiabatic ef-  
f iciency take on important  meaning. The question of the improvement  of p rocesses  of energy t ranspor t  in 
vortex tubes through the maximum approximation of the working constructions to the physical  model is ex- 
amined in this repor t .  This is achieved through the introduction of a supplementary mass  of gas com-  
p ressed  to a slight excess  p ressu re  (P = 0.02-0.15 bar) f rom the side of the hot end into the axial zone 
which has a reduced p re s su re .  

The hypothesis of vortex interaction was laid at the basis of the gas - the rmodynamic  analysis  of the 
suggested possibil i ty for increas ing the efficiency.  Equations for the determinat ion of the relative flow 
rate of the cold s t ream,  its relative tempera ture ,  and the adiabatic efficiency of the tube were obtained in 
a form convenient for  computer  c~lculations.  

As the determining pa ramete r s  we chose both geometr ica l  (the relative radius of t ie  diaphragm 
opening and the relative area  of the nozzle) and operating (the p ressu re  at the entrance to the vortex tube, 
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the degree  of expansion of the gas in the tube) p a r a m e t e r s .  

Numer i ca l  calculat ions a re  made with the following l imi ts  of var ia t ion  of the de te rmin ing  p a r a m e t e r s :  

1. Total  p r e s s u r e  at  the ent rance  to the vor tex  tube 

p~=2.94-5.88 bar 

2. Relat ive radius  of d iaphragm opening 

3. Relat ive  a r e a  of nozzle en t rances  

"Td=O 4-0,9. 

fin : 0,02=0.12. 

The c h a r a c t e r i s t i c s  of a vor tex  tube with supp lemen ta ry  flow a re  p resen ted  in the f o r m  of g raphs .  
The i r  ana lys is  indicates the sufficiently g rea t  poss ib i l i t ies  of the p roposed  method of increas ing  the eff i -  
ciency of vor tex tubes.  

One impor tan t  advantage of vor tex  tubes with supp lementa ry  flow is the poss ibi l i ty  of cooling a la rge  
m a s s  of gas by means  of a sma l l  amount  of c o m p r e s s e d  gas .  

Dep. 806-74, November  26, 1973. 
Original  a r t i c l e  submit ted  Sep tember  13, 1971. 

THEORY AND CALCULATION OF A FILTER BED 

V. A. Uspenskii, O. Kh. Vivdenko, 
A. N. Podolyaka, and V. A. Sharapov 

UDC 66. 067.12.001.24 

Consider  the one-d imens iona l  i so the rma l  flow of a dusting gas mix ture  through a g ranu la r  f i l te r  
baffle.  

Following equations a re  taken together:  

1) F i l t ra t ion  of the flow 

m d 
g dt 

- -  - -  + . . . .  + = 0 ,  
Ox 

2) continuity 

a (my) a (7v:r + - o ,  
at ax 

3) s tate  

P --  R T ,  
7 

4) conserva t ion  of dust m a t t e r  

Om 0 
Vd - g 7  = - -  a-~- ( ~ ) "  

5) dust r emova l  kinetics 

0 (VxC) bvxc - -  aTnm, 
ax 

6) the f dependence of 

(z) 

(2) 

(3) 

(4) 

(5) 

(6) 
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w h e r e  

n 
1 3 Ag 1 V ,  di+l hgi 

rp = Amde, de -- 2 dl + ~ a~ ]g ~ , ai -- d~+~--di ' 
i=1 

which  g i v e s  an  e x p r e s s i o n  fo r  the p e r f o r m a n c e  of the g r a n u l a r  f i l t e r  which  r e l a t e s  the b a s i c  p a r a r a e t e r s  
of the gas  f low (p, Vx), the  d u s t  (3'd, a,  b, c0), and  the f i l t e r  (A, m0, d e ,  3p /0x) ;  

,rdex p [-- (bx + at)l 
(bx)n-~ 

,Ltvxo ( n -  I)! 
~] 1--  n=l 

7d 

(7) 

whe re  

q 

/ 
.o0 , 

�9 ! 

o 2 

80 
/ 

J 
7Oo 5 70 

ap 

200 

/00 

F i g .  1. P e r f o r m a n c e  of l a y e r  
f i l t e r  1 and p r e s s u r e  d r o p  2 a s  
func t ions  of t i m e  (the s o l i d  l ine  
r e p r e s e n t s  the t h e o r e t i c a l  r e s u l t ;  

in % and Ap in m m  of w a t e r ,  
wi th  t in m i n .  

t 

(at)~'2 f Td--*n-1 (n--2)! ' T l=expa t ,  T =  Bexp( - -a t )  dt, 

n=l 

1. For  the steady state 

x x  L L  

(%) [ff ff P=P0 1-- +K1 exp(--bx) dxdx--  Bexp(--bx)  dxdx +P~  L ' 

o o o o (8)  

w h e r e  K t = ~C0Vx0/TnAm0d2e and the b o u n d a r y  cond i t i ons  a r e  p = P0 
a t x  = 0 a n d p = p k a t x  = L .  

2. F o r  a th in  f i l t e r i n g  l a y e r  u n d e r  the s a m e  b o u n d a r y  c o n d i -  
t ions :  

V X 
p = pg + 7 /  

3. F o r  the n o n s t a t i o n a r y  f i l t r a t i o n  mode :  

(9) 

t 

P = Pc exp --  -mot d -  CoVxoT exp (-- bx) 
0 

The p a p e r  a l s o  d e a l s  wi th  the de f in i t i on  of the flow r a t e  of f i l t e r i n g  m a t e r i a l .  

E x p r e s s i o n s  a r e  d e r i v e d  fo r  the f i l t e r ,  wh ich  have been  c h e c k e d  by e x p e r i m e n t ;  the c a l c u l a t e d  p e r -  
f o r m a n c e  and  p r e s s u r e  d i f f e r e n c e  g iven  by (7) and  (10) a g r e e  w e l l  wi th  e x p e r i m e n t  ( F i g .  1).  

NOTATION 

x, c u r r e n t  l a y e r  t h i c k n e s s ;  Vx0 and  v x,  the i n i t i a l  and  c u r r e n t  f i l t r a t i o n  r a t e s ,  r e s p e c t i v e l y ;  p, gas  
f low p r e s s u r e ;  P0, i n i t i a l  p r e s s u r e ;  T, gas  dens i t y ;  T ~ a b s o l u t e  t e m p e r a t u r e  of gas  flow; Td, d e n s i t y  of 
dus t ;  R,  gas  c o n s t a n t ;  Co, i n i t i a l  dus t  c o n c e n t r a t i o n ;  # ,  d y n a m i c  v i s c o s i t y ;  m 0 and m,  i n i t i a l  and  c u r r e n t  
p o r o s i t i e s ;  ~ ,  p e r m e a b i l i t y  funct ion;  A,  a ,  and  b, e x p e r i m e n t a l  c o e f f i c i e n t s ;  d e,  e f f ec t ive  f i l l i ng  d i a -  
m e t e r ;  d 1, l a r g e s t  d i a m e t e r  of l a s t  f r a c t i o n ;  di  and  di+l ,  e x t r e m e  d i a m e t e r s  of a g iven  f r a c t i o n ;  Ag 1, 
we igh t  p r o p o r t i o n  of  l a s t  f r a c t i o n  as  in r e l a t i o n  to t o t a l  we igh t  of s p e c i m e n ,  Agi ,  we igh t  of f r a c t i o n  i as  a 
p r o p o r t i o n  of t o t a l  weight ;  a i ,  s l ope  of m e c h a n i c a l - a n a l y s i s  c u r v e ;  L, l a y e r  t h i c k n e s s ;  ~?, f i l t e r  p e r f o r -  
m a n c e ;  f ,  f i l t r a t i o n  funct ion;  t,  f i l t r a t i o n  t i m e ;  and  g, a c c e l e r a t i o n  due to g r a v i t y .  

1, 

2. 
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Dep. 817-74, November  26, 1973. 
State Basic  Chemis t ry  Resea rch  and Design Institute, Khar 'kov.  
Original  ar t ic le  submitted August 4, 1972. 

A P P R O X I M A T E  M A T R I X  C A L C U L A T I O N  OF T H E  

T E M P E R A T U R E  F I E L D  OF A P L A N E  

L A Y E R E D  S Y S T E M  

Y u .  P .  D v i n  UDC 536.24 

The author solves the one-dimensional  problem of the tempera ture  field distribution in a plane n-  
l ayered  wall heated on one side by a heat flux q (7) that varies  with time T according to an a rb i t r a ry  prede-  
termined law. The temperature  distribution in each layer  (sublayer) of the n - l ayered  wall is approximated 
by the l inear  relation 

x-- 6~ 
th (x) = eh (~) + h~ Oh, (1) 

in which Pk(T) is the average temperature  of the layer ,  6 k is the coordinate of the median plane of the k-th 
layer ,  hk is half the thickness of the layer ,  x is the coordinate,  and Ok is the temperature  differential be- 
tween the boundaries of the k-th l ayer .  

Using the equality of the tempera tures  and heat fluxes at the layer  interfaces and the uniform initial 
tempera ture  distribution in the wall, we obtain a vector  sys tem for the determination of the temperature  
differentials in each layer :  

s + A s  = - q (~) e ,  ( 2 )  

where s and e are  column vectors  [s = (s 1, s 2 . . . . .  Sn); e = (1, 0, 0 . . . . .  0)] andA is the tridiagonal 

A 

"OS cillation" matr ix  
2k 1 - - k  s 0 0 0 . . . . .  0 

- - k  s 2k  s - - k  3 0 0 . . . . .  0 

0 - - k  s 2ka - - k4  0 . . . . .  0 

0 . 

0 0 . . . . .  - - k n . s  2ka .1  - - k n  

0 0 . . . . .  0 - - k n - 1  2kn 

whose elements are determined by the thermophysica l  proper t ies  and thickness of each layer  of the wall: 

3 ~h 

To solve Eq. (2) we must  determine the eigenvalues ~ and or thonormal  vectors  U and V corresponding 
to those eigenvalues.  

The solution of Eq. (2) has the form 

t 

fh(~)=-v~ .! q (~) exp [ -  ~h (t - ~)l dr. (3) 
9 
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Knowing the function q(T), we use Eq. (3) to f i nd fk (~  l) for  a specific time ~l, and then the functions 

s k (T1) and 
3 1 

- -  sh ( ~ 1 )  

The average temperature  Pk(71) in each layer  of the wall is determined f rom the equa l - tempera ture  condi- 
tions at  the interfaces and the balance equation 

2 , ~  ChyhhhPh = .: 

te~l 0 

A computer  flow char t  for the calculations is given, the convergence problem is analyzed, and ex-  
amples are  given i l lustrat ing the numer ica l  implementation of the given technique for severa l  laws of time 
variat ion of the heat flux. 

Dep. 805-74, November  26, 1973. 
Original ar t ic le  submitted June 29, 1972. 

AN A P P A R A T U S  F O R  P O R E - R A D I U S  

D I S T R I B U T I O N  D E T E R M I N A T I O N  

L .  A. S t a s e v i c h  a n d  E .  E .  Z u i k o v a  UDC 541.182.02 

The distribution is measured  by a method based on the weight change when one liquid displaces 
another in the pores .  A s t ra in-gauge balance is used to measure  the weight change, which has some ad- 
vantages over  ea r l i e r  hydrosta t ic  microbalances :  one can balance out the initial mass ,  which means that 
one can measure  large specimens of any shape without loss of sensi t ivi ty even though the mass  changes are  
smal l .  Also, the design and use are  simple,  and the course  of the process  can be followed direct ly f rom 
the r e c o r d e r  char t .  This has been used in measu remen t  of specimens made by sintering various fractions 
of metal  powders .  

Dep. 811-74, March  25, 1974. 
Original  a r t ic le  submitted January  5, 1973. 

E F F E C T S  O F  M A T E R I A L  P R O P E R T I E S  ON 

D I S L O C A T I O N  E T C H I N G  

B .  D .  P l a t o n o v ,  V.  A .  M a i ' t s e v a ,  
B .  A .  K r a s y u k  a n d  Y a .  M.  Bekker 

UDC 536.21 

A (111) surface of sil icon has been found to show a marked change in the shape of the dislocation etch 
pits,  and this occurs  in a meta l - s i l i con  sys tem when the thermal  expansion coefficients of the metal  and 
si l icon differ by more  than a factor  1 . 1 - 1 . 3 .  Dislocation pits as obtuse-angled tr iangles extending along 
the shor t  side of the c rys t a l  lie mainly in the center  of the specimen.  The shape of the pits does not a l ter  
when the difference in the above charac te r i s t i c s  is less ,  and the pits are then regular  t r iangles .  

The effects are  due to thermal  s t r e s s e s  in the silicon; these al ter  the s t r e s s  energy of the d is loca-  
tions and affect the chemical  etching at the point of emergence .  The minimum s t r e s s  required to produce 
an appreciable pit shape change is about 1.5 k g f / m m  2. 

Dep. 812-74, November  26, 1973. 
Original  a r t ic le  submitted November  9, 1972. 
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EFFECTS OF SOME FACTORS ON 

SUBSTRATE TEMPERATURE 

G. B .  D i n z b u r g  UDC 536.241 

A substrate  is ca re fu l ly  cleaned in alcohol and then in chromic  acid and placed under a cover  in an 
oven for heating to the set t empera tu re .  The ha l f - r ing  oven has 8 places,  three of which take glass ,  
copper,  and duralumin subs t ra tes .  A metal  film is deposited on each under vacuum, the metal  evaporat ing 
f rom a tungsten crucible of conical shape containing a known amount of metal .  

This metal  is heated to its boiling point to produce uniform atomic motion; some of the evaporating 
atoms fall on the subst ra te ,  and set  up a mixture tempera ture  0 ~ 

The substrate  tempera ture  is substantially affected by the thermal  radiation f rom the tungsten 
crucible and the heat radiated f rom the evaporator ,  which does not act  exactly as a black body. The heat 
radiated f rom the substrate  and film reduces the final substrate  tempera ture  somewhat.  

The vacuum of 10 -6 m m H g w a s  provided by a VN-46M rotary  point and TSVL-100 diffusion pump. 

The substrate  tempera ture  was moni tored with sea led- in  thermoeouples .  The substrate  masses  
were measured  with analytical  balances,  while the film thickness was measured  with a thickness gauge. 

The deviation of the measurements  f rom the theoret ical  values range f rom 0.5 to 1 ~ with a 10-second 
deposition, the exact  value being dependent on the substrate  mate r ia l  and evaporating metal .  

There  was a cer ta in  effect  on the substrate  tempera ture  f rom the mounting; the tempera ture  rose by 
0 . 4 - 0 . 5  ~ in 10 sec on deposition on subst ra tes  having good thermal  conductivity. The difference in final 
tempera ture  between the theoret ical  calculations and the measurements  enables one to detect defects in the 
film and to determine the crysta l l i te  size,  as well as to determine the film thickness and various other  
quantit ies.  

1 .  

2. 
3. 
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Dep. 913-74, November  26, 1973. 
Original a r t ic le  submitted April  26, 1972. 

T R A N S F E R  P R O C E S S E S  IN M U L T I P L E  V A L V E S  

B .  N .  B i r g e r  UDC 536.75 

In the present  ar t ic le  equations are  derived which permi t  one to est imate the conducting propert ies  
of a valve aggregate of the paral lel  or  ser ies  type f rom the proper t ies  of its component e lements .  

It is assumed that in the s ta t ionary state the t rans fe r  p rocesses  in each valve a are  descr ibed by the 
equations 

n 

aJi ~ ~ aLij hXj, 
i=1 

where J are  flows, X are forces ,  and L are phenomenological coefficients,  with the mat r ices  (a L) being 
symmet r i ca l  and corresponding to positive definite quadratic fo rms .  The forces  have the form Xj = AF, 
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where Fj is some intensive pa rame te r  not undergoing sudden changes at  the boundary of separat ion between 
two media.  

In the case of penetrable valves it is shown that an aggregate of m elements connected in paral lel  is 
equivalent to a new valve with a matr ix  of coefficients 

(M) = ~ (aL). 
a = t  

When these elements are  connected in ser ies  an aggregate is obtained which is charac te r ized  by a matr ix 
of phenomenological coefficients 

g semipenetrable  elements  a re  connected in parallel, then the mat te r  is reduced to the previous ease 
by replacing all the mat r ices  (aL) by mat r ices  (aL') of identical o rde r .  The form of the mat r ices  (a L') 
cor responds  to some conditionally introduced valve which is penetrable for any flow which penetrates at 
least  one of the m real  valves taken. In this ease the aggregate is charac te r ized  by the matr ix  of coeffi-  
cients 

(A,r) = ~ (~L'). 
a = I  

When semipenetrable  elements are  connected in ser ies  the aggregate is descr ibed by the matr ix 

m 

The elements  of the matr ix  (aC) are  determined by the equation 

n a 

aCik = aLjh -- --~ . aLj i  aA ik  . 

i=s-k ] 

Here it is assumed that all the valves are  penetrable for the flows J1, J2~ ~  J s ,  while n a is the tom[ 
number  of flows passing through valve a. aA denotes the angular minor  of the matr ix  (aL), obtained 
through deletion of the f i r s t  s rows and columns in it. The determinant  aAik is obtained f rom a A by re -  
placing all the ~lements  in the i- th column by the rule aLji  ~ aLjk.  

All the matrices (M), (P), (M'), and (P') are symmetrical and correspond to positive definite quad- 
ratic forms. 
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