
ABSTRACTS 

T H E R M A L  C O N D U C T I V I T Y  OF B E N Z E N E  A N D  T O L U O L  

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

N. F .  P o t i e n k o  a n d  V. A.  T s y m a r n y i  UDC 536.222 

We determined the exper imenta l  coefficients of the rma l  conductivity of benzene and toluol at  t e m -  
pe ra tu res  of up to 150 and 200~ respec t ive ly ,  and p r e s s u r e s  of up to 49.0 M N / m  2. The m e a s u r e m e n t s  
were  made to check the re l iab i l i ty  of the appara tus  descr ibed previous ly  [1], using the nons teady-s ta te  
method with a [[near heat source  of constant power to obtain new exper imenta l  data a t  elevated t e m p e r a -  
t u re s  and p r e s s u r e s .  

Expansion of the w o r k i n g - p a r a m e t e r  range  requi red  a change in a number  of the units descr ibed  
ea r l i e r  [1]. The cell  was heated with a copper  block bear ing a Nichrome heating e lement  and a photo- 
thy ra t ron  regula tor .  The t e m p e r a t u r e  in the block was measu red  with a platinum r e s i s t a n c e  t h e r m o m e t e r  
(PTS-10) and an R-308 potent iometer .  Control m e a s u r e m e n t s  showed that the change in t e m p e r a t u r e  in the 
cell  did not exceed 10 -3 deg / m i n .  Since the durat ion of the exper iment  was about 10 sec  and the m a x i m u m  
r i s e  in h e a t - s o u r c e  t e m p e r a t u r e  did not exceed one degree ,  this t e m p e r a t u r e - r e g i m e  s tabi l i ty  was quite 
adequate.  The t e m p e r a t u r e  gradient  over  the height of the cell  was no g r e a t e r  than 10 - t  d e g / m m .  

The m e a s u r i n g - c e l l  design made it possible  to conduct invest igat ions at p r e s s u r e s  of up to 49.0 MN 
/ m  2. 

At elevated t e m p e r a t u r e s ,  the source  power could be reduced to 0.3 W / m  and the sensi t iv i ty  of the 
record ing  s y s t e m  increased  to 0.01 d e g / m m .  In this case ,  the value of the product  G r .  Pr  [1], modified 
for  nons teady-s ta te  p r o c e s s e s ,  did not exceed 1000. 

The exper imenta l  values  of X for  benzene and toluol were  cha rac te r i zed  by an ave rage  d ivergence  
f r o m  smooth curves  of ~0.5%; the m a x i m u m  deviation was 1.8% and the calculated e r r o r  of the method 
was 2.5%. 

The values of X obtained for  toluol and benzene at their  sa tura t ion  p r e s s u r e s  were  compared  with the 
resu l t s  of other r e s e a r c h e r s ,  In mos t  cases ,  the d i sc repanc ies  were  +2.5-3.0%. In other studies [3, 4], 
the deviat ion at  the l imits  of the t e m p e r a t u r e  range invest igated reached 4~c. The data of Ras to rguev  et 
al. [2] a r e  4-8% lower than ours  a t  a tmosphe r i c  p r e s s u r e  and 10-12% lower at  higher p r e s s u r e s .  The d i s -  
c repancy  for  benzene was 2-3% in mos t  cases .  

Tables  not included in this s u m m a r y  give the smoothed values of ~ for  benzene and toluol obtained 
by graphic  process ing  of the exper imenta l  data. The coefficients  of the rma l  conductivity ~ for  benzene 
and toluol a t  a tmosphe r i c  p r e s s u r e  and 30 ~ were  0.1426 and 0.1318 W / m "  deg, respec t ive ly .  
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EQUATION OF STATE AND THERMODYNAMIC 

OF CARBON DIOXIDE UP TO A PRESSURE OF 

A. A. Vasserman, E. A. Golovskii, 
and V. A. Tsymarnyi 

PROPERTIES 

2500 BARS 

UDC 536.71 

The article presents new experimental data on the density of liquid carbon dioxide obtained with a 
device that has been described in [I]. On the basis of these quantities and the values of density taken from 
[2], we construct a reference grid, which is described analytically with high accuracy by an equation of 
state having the form 

P = A (T) p -~ B (T) 98 + C (T) pa @-D (T) pT. (1) 

The temperature functions in Eq. (i) are found by the method of squaring of isotherms using operations 
similar to those described in [3], and are approximated by the equations 

A (T) : 2387.3 + 3.1525T - -  16169. I02T "1 ~- 20186.10~T "2, 

B (T) = 2316 - -  10,02T @ 4032.102T" 1 __ 8885.10'~T" z, (2) 

C (T) = - -  4640 @ 15.6T, D ( T ) - -  1860--  4.5T. 

In the equation of state, the pressure is in bars, and the density is, kg/dm 3. 

A comparison of the calculated density values and the reference values showed that the standard 
deviations on the isotherms are 0.02-0.06%, and the maximum values are 0.05-0.13%. The deviation from 
the experimental values of density, as a rule, is within the limits ~:0.05%, and it reaches 0.10-0.13% only 
for five points. The equation quite satisfactorily represents the data on the density of liquid on the curves 
of saturation and solidification from the temperature of the triple point to I0 and -40~ respectively. 

Based on the equation of state, we calculate tables (given in the article) on the thermodynamic prop- 
erties of carbon dioxide in the temperature range 220-320~ up to a pressure of 2500 bars. In order to cal- 
culate the calorific values, we integrate over the limits from the density of the boiling liquid to densities 
corresponding to the given pressures. Deviations of the calculated values of the isobaric specific heat from 
the experimental values [4] do not exceed 2%, decreasing in proportion to distance from the critical region. 
We also observe satisfactory agreement with the data of [5] based on the adiabatic differential Joule-Thom- 
son effect. 
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S T E A D Y  S T A T E  F O R  

IN G A S E O U S  M E D I U M  

A P P A R A T U S  O P E R A T I N G  IN 

T H E R M O P H Y S I C A L  S T U D I E S  

A T  H I G H  P R E S S U R E S  A N D  T E M P E R A T U R E S  

M. A. P l o t n i k o v ,  A.  A. A n t a n o v i c h ,  
Y u .  A. S a d k o v ,  V. V.  P o p o v ,  
a n d  #.. A.  K e m n i t s  

UDC 536.62 

In this a r t i c l e  a r e  presented  a d i ag ram and the const ruct ion of appara tus  designed fo r  conducting 
a wide range  of phys icochemica l  studies on gaseous  media  at  p r e s s u r e s  up to 12 kbar  and t e m p e r a t u r e s  
to 3000~ 

A d iag ram of the appara tus ,  which allows unres t r i c t ed  re tent ion for  a long t ime of a fixed t e m p e r a -  
tu re  in an iner t  gas  compres sed  at the corresponding p r e s s u r e s ,  is presented in Fig. 1. 

The appara tus  consis ts  of a thick-walled fo rce  cyl inder  (1) calculated for  the n e c e s s a r y  inner p r e s -  
sure .  The inner wall  of the fo rce  cyl inder  is separa ted  f r o m  the the rma l  chamber  (2) by a the rma l  in-  
sulat ion layer  (3). A wate r  cooling s y s t e m  of channels (4) is distr ibuted in the thick wall  of the fo rce  cy l -  
inder.  Heating of the inner volume of the t he rma l  chamber  is accompl ished with an e lec t r i c  heating e l e -  
ment  (5). "Therma l  locks" (6) were  se t  in the ends of the chamber  so that the heat conduction along the 
length of the appara tus  would not have a significant effect  or~ the equi l ibr ium nature  of the t e m p e r a t u r e  
dis t r ibut ion along the axis of the the rmal  chamber .  

The resu l t s  of the rma l  and endurance calculat ions of numerous  va r i an t s  of the appara tus  operat ing 
accord ing  to the d i ag ram  presented showed that the mos t  expedient  of these conditions proved to be the 
use  of pyrolyt ic  graphi te  as the t he rma l  insulating ma te r i a l ,  which has both a compara t ive ly  low the rma l  
conductivity (0.7-1.1 W / m -  deg), and an insignif icantly smal l  t he rma l  expansion coefficient.  

4 Z 3 4 5 

" " " r . - "  
. . . .  . . . . L  . . . .  

Fig. 1. D iag ram Of appara tus  

The iner t  or  neutral  gas studied (argon, n i t ro -  
gen, etc.) is pumped into the chamber  under a p r e -  
l iminary  p r e s s u r e  of 1-5 kbar  using a gas c o m p r e s s o r  
of Academic ian  L. F. Vereshchag in ' s  construct ion.  
Subsequent i nc rease  in the gas p r e s s u r e  is a c c o m -  
plished by heating. 

Multiple tes t s  were  conducted on an exper imenta l  
model of the appara tus  on ni trogen at p r e s s u r e s  up to 
6 kbar  and t e m p e r a t u r e s  above 2000~ The r e su l t s  of 
the tes t s  indicate the re l iabi l i ty  of the design and the 
full eff iciency of all  the construct ion e lements  of the 
appara tus .  
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CALCULATION OF THE VISCOSITY OF REAL GASES ON 

THE BASIS OF THE LAW OF CORRESPONDING STATES 

P .  M.  K e s s e l ' m a n ,  V.  R .  K a m e n e t s k i i ,  UDC533 .16  
a n d  A.  P .  V o l o s h i n *  

A method for calculating the viscosity coefficient of insufficiently investigated substances on the 
basis of the law of corresponding states is proposed. The characteristic volume and temperature values, 
which are generally variable, are used as the reduction parameters rather than the critical parameters 
ordinarily used in the well-known methods. These characteristic values are determined by using experi- 
mental data on the viscosity of the rarefied gas of the substance under investigation and of another, 
thoroughly investigated, substance, which is used as a standard. 

The method can be used for generalizing with sufficient accuracy the experimental data on the vis- 
cosity of rarefied gases with any molecular structure - from the simple "spherical ~ to complex polar 
gases. Moreover, it is shown that these data can be reliably extrapolated to the temperature range de- 
termined by the availability of data on the viscosity of the standard. 

The obtained reduction parameters are used to form reduced temperature and density as independent 
variables if it is necessary to calculate the viscosity coefficient of compressed gases. The calculation is 
then performed by means of the equation written for the standard substance. 

The above method was used for calculating the viscosity coefficient of heavy-water vapor in the tem- 
perature range 300-550~ at pressures up to 500 bar. The mean error of our results amounts to I-3%, 
while the maximum error does not exceed 6~c. 

DISPERSION OF DROPS OF CONDUCTING LIQUIDS IN 

A DIELECTRIC MEDIUM DURING RECHARGING ON 

ELECTRODES IN AN ELECTRIC FIELD 

V. P. Mardanenko, V. G. Emel'yanchenko, 
and V. G. Ben'kovskii~ 

UDC 532.529.6 

The a r t i c l e ,  which is a cont inuat ion of [1], p r e sen t s  ana ly t i ca l  eva lua t ions  of the va lues  of cha rg e s  
and condi t ions  of d i s p e r s i o n  of d rops  of conduct ing liquids in a d i e l ec t r i c  m e d i u m  in a un i fo rm e l e c t r i c  
field dur ing  r e c h a r g i n g  on e l e c t r o d e s ,  and a l so  the r e s u l t s  of e x p e r i m e n t s  on d i s p e r s i o n  on r e c h a r g i n g  
d rops  of e l e c t r o l y t e s  and s u r f a c e - a c t i v e  agents  (Table 1) in m i n e r a l  oil. 

The fo rmu l a  fo r  the cha rge  q of a drop,  which is app rox ima ted  by an  e l l ipsoid  of revo lu t ion  s im i l a r  
to that  which was  done in [2] on the a s s u m p t i o n  that the su r f ace  of a s e m i s p h e r o i d ,  which s imu la t e s  the 
drop,  and i ts  s e m i m a j o r  ax is  a r e  equal to the su r f ace  and s e m i m a j o r  axis  of the c o r r e s p o n d i n g  el l ipsoid,  
has  the f o r m  

2~e~or2Eo (V: 1 -}- (1 -- e '~) -[-- (1 -- e~) ~ -- 1) 
Iql = '  (1) 

]~ (1 -- ee) ~ (n~ -- l)0learcth ~]e - -  1) 
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TABLE 1. Values of ~ and k for Drops of Investigated Solutions 

 .103,Nim t 3 , 6  14 .0  t ,2,0 t 32,2 L 54,0 f - ,5  

where ~e -~ ~f2/~/3 -~/1  + (1 - e  2) + (1 -e2)  2, e =~/1 - b 2 / a 2 ;  r is the radius of the drop; a, b, e a re  the 
semiaxes and eccentr ic i ty  of the ellipsoid; o~ is the coefficient of interphase surface tension; E 0 is the ex-  
ternal  field strength; eeo is the dielectr ic  constant of the medium. The correspondence of this formula to 
the experimental  data and to the calculation [3] for the case e - -  0 is indicated. 

Substitution of the value of q obtained into Eq. (6) f rom [1] permits obtaining the condition of d is -  
persion of recharging drops in the form 

Eo > E c r  = k (o~186o r) 1/2 . (2) 

where E~ r is the cri t ical  value of E 0 corresponding to dispers ion of the drops,  k = f(e). It is assumed that 
e = 0.952 for cr i t ical  conditions [1]. Then k = f(e) is determined numerically:  k = 0.3. 

A descript ion of the experiments  is given, f rom which follows that the values of k (Table 1) found 
f rom the average experimental  data with a mean e r r o r  of not more  than 12% for  drops of all investigated 
solutions coincide, so that the ar i thmet ic  mean value kav = 0.35 ~= 0.03. This resul t  is regarded as sa t i s -  
factory,  and Eq. (2), where k = 0.3, is recommended for practical  use. 

It follows f rom Eq. (2) that the magnitude of the charge and intensity of dispers ion of the recharging 
drops, other conditions being equal, do not depend on the chemical  composition. 
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A M E T H O D  OF D E T E R M I N I N G  T H E  E L A S T I C  A N D  

I N E L A S T I C  P R O P E R T I E S  OF  S M A L L  S P E C I M E N S  

O F  M A T E R I A L S  A T  H I G H  T E M P E R A T U R E S  

V. M. B a r a n o v  a n d  Yu .  V. M i l o s e r d i n  UDC 620.17 

An ul trasonic resonance-pulse  method for determining the elastic constants and the oscillation energy 
scat ter ing charac te r i s t i cs  of small  specimens of isotropic mater ia ls  is described. Measurements  a re  
made on specimens in the fo rm of disks of diameter  f rom 6-8 mm to 50-60 mm and thickness f rom 1 to 
15 mm, for a thickness to diameter  rat io f rom 0.1 to 0.25. In this method severa l  of the lower natural f r e -  
quencies of oscil lation of the specimens a re  measured~ f rom which the normal  modulus of elast ici ty the 
shear  modulus, and Poisson ' s  rat io a re  calculated. F r o m  the damping decrement  of the oscillations the 
viscosi ty  of the mater ia ls  can be found. 

The apparatus for making these measurements  over a wide temperature  range consists  of two sound- 
conducting rods of d iameter  6 mm and length 600 mm, between which the specimen is clamped. A piezo- 
e lectr ic  radiator  and a piezoelectr ic  rece iver  a re  fixed to the free ends of the rods. The piezoelectr ic  

Engineer ing-Physica l  Institute, Moscow. Translated f rom Inzhenerno-Fizicheski i  Zhurnal, Vol, 20, 
No. 4, p. 737, April,  1971. Original ar t icle  submitted January 22, 1969; abs t rac t  submitted June 2, 1970. 
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radiator is excited 10-30 times/sec by high-frequency pulses of duration 200-300 #sec, with a variable 
filling frequency. The signals from the piezoelectric receiver are amplified and observed on the screen 

of an oscilloscope. The effect of clamping the specimen on the intensity of excitation of the natural fre- 

quencies corresponding to different shapes of the oscillations and on the measurement accuracy is con- 
sidered. The method of calculating the elastic constants from the results of the measurements is described 
in detail, and appropriate theoretical tables are presented. The accuracy of determining the moduli of 
elasticity is estimated to be within 2-2.5~c. 

As an illustration of the use of this method results are presented for the elastic constants and vis- 
cosity of specimens of heat-resistant constructional steels KhI8N9T, EI-787, and VZh-98, in the tem- 
perature range 293-1200~ made on specimens of diameter 18 mm and thickness 3 mm in the frequency 
range 130-210 kHz. From the values of the elastic moduli obtained the velocities of propagation of longi- 
tudinal and transverse elastic waves are calculated. The activation energy of the processes connected with 
the absorption of oscillation energy, calculated from the viscosity-temperature curve, is i.i, 1.15, and 
1.4 eV, respectively, for the above materials. 

FLOW OUTSIDE THE TURBULENT REGION OF AN 

AXISYMMETRIC JET DISCHARGING INTO A 

SEMIBOUNDED SPACE 

G. Ya. Borodyanskii UDC 532.522 

Flow outside the region of an axisymmetric jet was considered earlier by L. D. Landau on the as- 
sumption of potentiality of motion. It can be shown, however, that the character of a secondary flow in- 
duced by an axisymmetric turbulent jet can be investigated without the assumption of potentiality. The 
smallness of the velocities of thesecondary flow permit neglecting the inertia terms in the Navier-Stokes 
equations and reduces the problem to integration of approximate Stokes equations: 

1 Op v (?Dq) 1 Op v OD~ 

p OP R" sin 0 aO p O0 sin 0 OR 

The solut ion is  sought in the form:  r = Rf (cos 0). The constants  of in tegra t ion  a r e  de te rmined  f rom 
the conditions on the boundar ies  of the region:  the condit ions when 0 = 01 re f l ec t  adhesion of the liquid on 
the nozzle  wai l ,  i . e . ,  vanishing of both ve loc i ty  components;  the condit ions when 0 = 00 re f l ec t  c losing of 
the solut ions in the turbulent  jet  and in the inves t iga ted  region.  

The solut ion of the p rob lem of an a x i s y m m e t r i c  turbulent  source  with a "new" Prand t l  dependence 
for  turbulent  s h e a r  s t r e s s  is  used for  flow in a turbulent  jet.  

On the bas i s  of the ana ly t i ca l  solut ion obtained for  the s t r e a m  function the ca lcula ted  s t r e a m l i n e s  
and d i s t r ibu t ion  of the p e r i p h e r a l  ve loc i ty  of the s econda ry  flow in the reg ion  (01 = 45 ~ 0o = 12~ a r e  con- 
s t ruc ted .  

Ra re fac t ion  of the p r e s s u r e ,  as  the solut ion shows, d e c r e a s e s  with d is tance  f rom the source  (as 1 
/R3),  whereas  with a potent ia l  c h a r a c t e r  of the s econda ry  flow the r a t e  of d e c r e a s e  is  l e ss  (as l /R2) .  

T rans l a t ed  f rom I n z h e n e r n o - F i z i c h e s k i i  Zhurnal ,  Vol. 20, No. 4, p. 738, Apr i l ,  1971. Or ig ina l  
a r t i c l e  submit ted  December  3, 1969; a b s t r a c t  submit ted  September  9, 1970. 
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CONVECTIVE HEAT TRANSFER IN 

PIPE OF TRIANGULAR SECTION 

Sh .  N u r i d d i n o v  

A PRISMATIC 

UDC 532.517.2:536.244 

Heat  t r an s f e r  during l amina r  flow of a viscous  incompress ib l e  liquid inside a s t ra ight  semiinf ini te  
p r i sma t i c  pipe (channel) with a c ro s s  sect ion in the f o r m  of an equi la tera l  t r iangle  with considera t ion of 
f r ic t ion  and other in ternal  sources  of heat  was invest igated.  

The p rob lem is reduced to the solution of the equation 

c7 Oy 

with boundary conditions 

'T(k, y,z~lz_ ~=To:cons t ,  T(x, y,z) l F=f(z), 

where  F is the boundary of the t r i angula r  region. 

In d imens ionless  coordinates  the equation and boundary conditions have the f o r m  

o r  Io'-r o'-7"x b~q(~, n, I ) .  , r /o~\3  [ or  ~] 

where  b is the alt i tude of the equi la tera l  t r iangle.  

The Laplace in tegra l  t r a n s f o r m  with r e s p e c t  to the longitudinal coordinate  ~ is used. The problem 
obtained in the region of the t r a n s f o r m s  is  solved by the B u b n o v - G a l e r k i n  method. 

The final solution is presented in the f o r m  of the sum of products  of polynomials  and exponential  
functions,  whereby  the polynomials  depend on the va r i ab l e s  ~ and ~, and the exponential  functions only on 
~. The following cases  a r e  invest igated in detail.  

(1) 

(2) 

(3) 

(4) 

1. A constant  t e m p e r a t u r e  r e g i m e  is maintained on the pipe wall  and the l ibera t ion of heat by in-  
te rna l  sources  is  uni form over  the en t i re  volume of the flow. The solutions a r e  found in the 
second and third approximat ions .  Simple and sufficiently accura te  fo rmulas  a r e  obtained for  de-  
te rmining  local Nussel t  numbers  (in the absence  of in ternal  sources  and energy  dissipation).  The 
change of the Nussel t  number  along the flow is presented graphical ly.  

2. The t e m p e r a t u r e  at the pipe ent rance  coincides with the wall  t e m p e r a t u r e  and the power of the 
in ternal  heat  sources  is negligibly smal l ,  i .e . ,  heat t r a n s f e r  is due only to the heat of fr ict ion.  
Stabil ization of the t e m p e r a t u r e  profi le  along the liquid flow {on the plane of the mer id ian  section) 
is presented graphical ly.  Fo rmula s  a r e  obtained for  the re la t ive  heat flux on the pipe walls .  In-  
ves t iga t ions  of the fo rmu la s  obtained showed that the heat flux in the middle of the face is m a x i m u m  
and in the corner  regions is minimum,  which is consis tent  with the data of other authors .  

3. The wall  t e m p e r a t u r e  is a l inear  function of the longitudinal coordinate  and the power of the in-  
te rna l  heat  sources  is constant over  the en t i re  volume of the flow. A graph  of t e m p e r a t u r e  s tab i l -  
izat ion along the liquid flow in the absence  of internal  sources  and ene rgy  diss ipat ion is presented.  

4. The wall  t e m p e r a t u r e  i n c r e a s e s  exponentially,  and the power of the in ternal  heat sources  is con-  
stant. 

The convergence  of the approx imate  solutions to the exact  solution is  d iscussed.  

Tadzhik Polytechnic Inst i tute,  Dushanbe. Trans la ted  f r o m  Inzhenerno-Fiz ichesk i i  Zhurnal ,  Vol. 20, 
No. 4, pp. 738-739, April ,  1971. Original  ar t ic le  submit ted December  16, 1969; abs t r ac t  submit ted May 
5, 1970. 
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A METHOD OF SOLVING HEAT CONDUCTION PROBLEMS 

INVOLVING NONLINEAR HEAT-TRANSFER RELATIONS 

ON THE BOUNDARIES OF A BODY 

L. A. Brobkin and L. S. Krylova UDC 536.2.01 

We consider the solution of the heat conduction differential equation 

OT 027 le - -  1 OT 0.< x ._.<1 R, 
R2 OFo =--Ox ~]-" -k x Ox . . . .  

(1) 

for  the b o u n d a r y  condi t ions  

OT (2) 
r(x.  0 ) = T  a, OT- (0 'F~  

OT ( 3} 
~-aT-. (~' Fo) = q [T(.~, Fo)]. 

F o r  the ca l cu l a t i on  of t e m p e r a t u r e  f ie lds  of bodies ,  for  example ,  the t e m p e r a t u r e  f ie lds  in  i n d u s t r i a l  

f u r n a c e s ,  the bounda ry  condi t ion  (3) is  n o n l i n e a r :  

OF 4 ~, (R, Fo) = cz [T b -- r (R, Fo)] ~- ~ Ire --T 4 (R, Fo)]. {4) 
Ox 

An exact solution of the system (1), (2), and (4) is not known. 

In this connection, it may be possible to have an approximate solution, which satisfies exactly only 
the heat conduction equation and the initial conditions. In such a solution the boundary conditions are satis- 
fied discretely at g time instants, taken on the interval Fo, the evolution time of the process. The quantity 
g determines the degree of approximation tO the exact solution, and as g ~ % the approximate solution 
becomes coincident with the exact solution. 

An approximate solution can be obtained, which is based on a generalized notation for the tempera- 
ture field in bodies for boundary conditions of the first kind. We approximate the temperature variation 
law on the surface of the body by a polynomial 

n ~ g  n 

T (R, Fo) ~ T O q- 7 ~  AnF~ (S} 

F o r  a plate the p r o b l e m  r e d u c e s  to so lv ing  a s y s t e m  of g equa t ions  in  g unknowns An: 

n ~ g  

2 ~ ~ AnO~,n (Foi) = q (Foi), i = 1,2,3, ...,g. (6) 
�9 /~ r z = l  

To solve the system we obtain the constants A n . The temperature on the plate surface is determined 
from Eq. (5); the temperature at the center, and the temperature averaged with respect to the mass, are 

given, respectively, by the equations 

n~g 

r (~, Fo) -- r (0. Fo) -- ~ A~r (Fo), (7) 
n = l  

n ~ g  

ray (Fo) - -  ro = 2 ~ A~r (Fo). (8) 
n = I  

N o m o g r a m s  a r e  then  cons t ruc t ed  for  the func t ions  ~ l ,n (Fo) ,  ~2,n(Fo),  ~4,n(Fo). 

Studies show that  i t  i s  su f f ic ien t  to r e s t r i c t  g to the va lue  g = 2 for  t h e r m a l l y  th in  bodies  and g = 3 for  
m a s s i v e  bodies .  M o r e o v e r  the e r r o r  of the method ml.5%. The method can  be used for  compound and n o n -  
l i n e a r  b o u n d a r y  cond i t ions ,  and a l s o  for  bounda ry  condi t ions  in  i m p l i c i t  fo rm.  

V. I. Lenin Ivanovskii Energetics Institute. 
No. 4, pp. 739-740, April, 1971. Original article 
1970. 

T r a n s l a t e d  f r o m  I n z h e n e r n o - F i z i c h e s k i i  Zhurna l ,  Vol. 20, 
submi t t ed  S e p t e mbe r  9, 1969; a b s t r a c t  submi t t ed  July  1, 

537 



A C C U R A C Y  

P R O B L E M S  

OF THE SOLUTION OF BOUNDARY-VALUE 

ON COMBINED MODELS 

S. V. D a v y d o v  UDC 681.142.334 

The solution of two-  and th ree -d imens iona l  boundary-value  p rob lems  can be obtained by the method 
of e lec t r ica l  modeling with the use of combined models  in which the physical  field is r ep resen ted  by a con- 
tinuous e lec t r i ca l ly  conducting medium in combination with d i sc re te  e lements .  This c lass  includes in p a r -  
t icular  models  of the type "e lec t r i ca l ly  conducting p a p e r - r e s i s t o r s "  used for  solving p rob lems  of unsteady 
heat  conduction by the method of success ive  in terva ls  (Liebmann method). 

The connection of r e s i s t o r s  with conducting paper  at nodes is accompl ished  via contact e lec t rodes  
of finite s ize  which a r e  genera l ly  round with a d i ame te r  D = 0.1 of the spacing of the nodes. An inc rea se  
of the cu r ren t  densi ty in the neighborhood of the e lec t rodes  is accompanied  by dis tor t ion of the potential  
l ines in the continuous medium,  which introduces a ce r ta in  e r r o r  into the solution. 

To reduce  the e r r o r  of the d i sc re te  cur ren t  supply, it is suggested to use  models  with re la t ive ly  
enlarged dimensions  of the contact e lec t rodes  D = 0.3 with ave r age  values of the space  and t ime in tervals .  

The change of the effect ive r e s i s t a n c e  of the conducting paper  in the p resence  of the enlarged con-  
tac t  e lec t rodes  can be taken into account by introducing a co r rec t ion  into the value of the specif ic  r e s i s -  
tance of the conducting paper ,  which en ters  into the fo rmulas  for  calculating the d i sc re t e  e lements  of the 
model ,  pa r t i cu la r ly  the t ime r e s i s t o r s  R T. 

The magnitude of the co r rec t ion  can be de te rmined  f r o m  the exper imenta l  re la t ions  between the 
d imens ionless  effect ive r e s i s t a n c e  of a square  of conducting paper  and the s ize  and shape of the contact 
e lec t rodes .  

Another way of reducing the effect  of d i s c r e t enes s  is to change the magnitude of the r e s i s t o r s  sup-  
plied to the inside nodes. The magnitude of the co r rec t ion  for  the effect  of d i s c re t enes s  can be de te rmined  
exper imenta l ly .  However ,  in this case  it is r ecommended  to use enlarged e lec t rodes  in the boundary 
regions.  

It is shown with r e f e r ence  to two-dimensional  p rob lems  for  which the theore t ica l  solution is known 
that the methods proposed in the a r t i c l e  for  reducing the effect  of d i s c re t enes s  of e lec t rodes  permi t  r e -  
ducing the modeling e r r o r  f r o m  8-7 to about 2% of the m a x i m u m  potential dif ference for  ave r age  values 
of the space  and t ime  in tervals .  Modeling was done on the EGDA-9/60  e l ec t ro in teg ra to r  with a specia l ized 
a t tachment  for  solving two-dimensional  p rob lems  of unsteady heat conduction. 

V. I. Lenin Ivanovo Power Insti tute.  Trans la ted  f r o m  Inzhenerno-Fiz ichesk i i  Zhurnal ,  Vol. 20, No. 
4, pp. 740-741, Apri l ,  1971. Original a r t i c le  submit ted January  29, 1970; abs t r ac t  submitted August 3, 
1970. 
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PRINCIPAL BOUNDARY-VALUE PROBLEMS OF 

THERMOELASTICITY FOR A CIRCULAR DISK 

D. V. Grilitskii and I. N. Osiv UDC 539.377 

The au tho r s  inves t iga ted  a c i r c u l a r  is o t rop ic  d i sk  r e f e r r e d  to a r e c t a n g u l a r  C a r t e s i a n  coord ina te  s y s -  
t em  with the o r ig in  at  the cen t e r  of the disk,  at  s o m e  point of which is located a s t a t i ona ry  concen t ra ted  
heat  s o u r c e  with in tens i ty  W. 

Mixed condi t ions  for  the t e m p e r a t u r e  T(z, z) a r e  a s s igned  at the edge of the d i sk  

OY (t ,  t) 
- -  - [~ ( t ) ,  t ~ L ~ ,  

On 

Tti, ~ = h (t), ~ C L~, 

(1) 

(2) 

and homogeneous  condi t ions  fo r  s t r e s s e s  

~r + iT,0 = [(t), tC L, (3) 

o r  fo r  d i s p l a c e m e n t s  

§ iv = g (t), t c L. (4) 

The bases  of the d i sk  a r e  a s s u m e d  hea t - insu la ted .  

The s t a t i o n a r y  t e m p e r a t u r e  field and s t r e s s e s  of the d isk  a r e  de t e rmined  by means  of the r e l a t i o n -  
ships  of the two-d i m e ns i ona l  t h e o r y  of t h e r m o e l a s t i c i t y  [1, 2]. 

The funct ion  d e t e r m i n i n g  the t e m p e r a t u r e  in the d i sk  is p resen ted  in the f o r m  

T (z, z) - Re [A 1~ (z--~0) + Fo (z)]. (5) 

D e t e r m i n a t i o n  of the funct ion of the complex  va r i ab l e  F0(z ) ho lomorph i c  in the r eg ion  of the d i sk  is 
r educed  to a s ingu la r  i n t eg ra l  equat ion of the f i r s t  kind whose  solut ion in the gene ra l  case  is r e p r e s e n t e d  
in q u a d r a t u r e s .  

The t h e r m o e l a s t i c  s ta te  f o r  a ha f t -p lane  under  the effect  of a concen t ra t ed  s t a t i o n a r y  heat  sou rce ,  
both with boundary  condi t ions  of the mixed type fo r  t e m p e r a t u r e  and homogeneous  for  the mechan ica l  
c h a r a c t e r i s t i c  was  obtained by pa s sa ge  to the l imit .  F o r  c e r t a i n  pa r t i cu l a r  va lues  of the ini t ial  data the 
r e s u l t s  of the a r t i c l e  coincide  with those  obtained e a r l i e r  in [3, 4]. 

The thermoelastic state of the disk and half-plane in real variables is determined, and graphs of 

the distribution of temperature and stresses at the edge of the disk are also presented. 

z = x + i y  
f(t), f~(t), f2(t), g '( t)  
~/an 
t = x + i y  

n 
L1 = f__Zaajb j 

L 2 = L - L I ;  

~ r ,  ~-r 0 
U,  V 

A 

NOTATION 

is the complex variable; 
are the known functions satisfying condition H; 

is the derivative with respect to the normal; 

is a point located at the edge of the disk; 

is the set of arcs on L arranged so that, by-passing L counterclockwise, points at, bl, 

a2, b 2 .... , an, b n are found in the indicated sequence; 

a r e  the n o r m a l  and tangent ia l  s t r e s s  componen ts  on L; 
a r e  the rad ia l  and tangent ia l  d i s p l a c e m e n t s  of points of the edge L; 
is a coeff ic ient  d e t e r m i n e d  by the in tens i ty  of the heat  sou rce ,  th ickness ,  and coe f -  
f ic ient  of in te rna l  heat  conduct iv i ty  of the disk. 

T r a n s l a t e d  f r o m  I n z h e n e r n o - F i z i c h e s k i i  Zhurna l ,  Vol. 20, No. 4, pp. 741-742,  Apr i l ,  1971. Original  
a r t i c l e  submi t ted  N o v e m b e r  13, 1969; a b s t r a c t  submit ted  May 19, 1970. 
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