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The dynamic  v i s c o s i t y  of a m y l  and  i s o a m y l  p rop iona t e s  in the  l iquid  and gaseous  phases  has  been  i n v e s -  
t i ga ted  for t e m p e r a t u r e s  f r o m  300 to 500~ and p r e s s u r e s  of (0.1 to 50) �9 10 -3 N / m  2. Us ing  a T s v e t - 4  c h r o m a t o -  
g raph  it was  found that the amyt  and i s o a m y l  p rop iona te  b a s e  m a t e r i a l s  u s e d  had p u r i t i e s  of 99.8 and 99.9 wt.%, 
respec t ive ly .  

The v i s c o s i t y  of the  e thers  was s tud ied  by the v i s c o m e t r i c  method  developed at  the State S c i e n t i f i c - R e -  
s e a r c h  Ins t i t u t e  of the Ni t rogen  Indus t ry .  The c a p i l l a r y  v i s c o m e t e r  used  had the fol lowing c h a r a c t e r i s t i c s :  

r a d i u s  of c a p i l l a r y  r = 0.0926 cm,  length  of c a p i l l a r y  l = 5.1093 c m,  and v o l u m e  of m e a s u r i n g  v e s s e l  v = 1.5728 
c m  3. 

The v i s c o s i t y  m e a s u r e m e n t s  w e r e  per formed along i s o t h e r m s  at 25-30 ~ intervals .  The va lues  of  ~? for 
amyl  and i soamyl  propionates  are  shown in Table  1. Bas ic  correc t ions  were  taken into account  in calculat ing 

f rom the exper imenta l  data. We determined the va lues  of  the densi ty  n e c e s s a r y  to ca lculate  the dynamic 
v i s c o s i t y  by the method of  hydros ta t i c  weighing with an error  of  0.1%. We es t imated  the error  in determining 
~ ,  taking account of  the r e f e r e n c e ,  as  *1.1%. 

The exper imenta l  data conf i rmed  the pract icabi l i ty  of  the Frenke l  formula  for the e thers  studied. The 
constants  of  this  formula  and the t emperature  range  in which it sa t i s fac tor i ly  descr ibes  the exper imenta l  data 
w e r e  determined.  Using the Golubev equation the functional dependence of the v i s c o s i t y  on the densi ty  and 
thermal  propert ies  of  the e thers  was  es tabl i shed.  

TABLE 1. 
I s o a m y l  P r o p i o n a t e  77 �9 106(N �9 s e c / m  2) 

"Temp. T, [ Pressure P, 10 ~s N/m 2 

Dynamic Viscosity of Amyl Propionate and 

"K I I 0,, 20 [ 

930 
678 
475 
378 
291 
236 
9,0 
9,8 

10.4 

I s I 10 l 
Amyl propionate 

981 1040 
715 752 
517 559 
402 425 
312 333 
252 270 
200 217 
167 180 
142 153 

1129 
826 
618 
41I 
378 
306 
250 
208 
178 

30 40 

1244 1343 
901 974 
678 736 
523 565 
420 462 
342 380 
282 315 
237 264 
203 228 

300 
325 
350 
375 
400 
425 
450 
475 
500 

5o 

1455 
1048 
801 
619 
504 
417 
349 
295 
256 

300 860 
325 633 
350 5 I0 
375 406 
400 330 
425 275 
450 11,5 
475 12,4 
500 13,4 

Dep. 8 -78 ,  October  12, 1977. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  October  12, 1976. 

* A l l - U n i o n  Ins t i tu te  of Scient i f ic  and T e c h n i c a l  In fo rma t ion .  

Isoamyl propionate 

973 949 I039 
670 706 778 
527 556 613 
418 446 491 
342 363 405 
288 304 338 
244 259 290 
209 221 249 
173 185 210 

1129 11220 
850 921 
673 726 
536 585 
442 486 
371 408 
319 350 
275 30 l 
233 258 

1310 
994 
780 
632 
523 
441 
379 
327 
283 
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D E P E N D E N C E  O F  D I E L E C T R I C  P R O P E R T I E S  

O F  C E L L U L O S E  ON M O I S T U R E  C O N T E N T  

I N  T H E  M I C R O W A V E  R E G I O N  

N. N. D e r g u n o v ,  R .  K. B a b i c h e v ,  
M. S. O s t r i k o v ,  a n d  N.  V. D e r g u n o v a  

UDC 547.458.81 : 537.226 : 
53.093 : 621.3.029.6 

Resul ts  a r e  p resen ted  of an exper imenta l  study of the dependence of the pe rmi t t iv i ty  s  and the tangent 
of the d ie lec t r ic  loss  angle tan5 of cel lu lose  on mo i s tu re  content. The values  of s  and tan5 were  m e a s u r e d  at 
the m a x i m u m  of a 10,000-MHz e lec t r i c  field. The pe rmi t t iv i ty  s  i nc reases  with mo i s tu re  content W at dif- 
ferent  r a t e s  in different  reg ions .  Fo r  low m o i s tu r e  contents e ,  i nc reases  slowly and l inear ly  with W, and then 
for mo i s tu re  contents above 5% it i nc rea se s  cons iderab ly  m o r e  rapidly .  The tangent of the loss  angle is max i -  
mum for a mo i s tu re  content  of 15% which, according  to data de te rmined  by other  independent methods (drying 
t h e r m o g r a m s ,  wetting heats ,  NMR method),  co r r e sponds  to the m a x i m u m  amount of  water  which can be ad-  
sorbed  by cel lulose.  

The cons t ruc t ion  of a measu r ing  cell  for studying the dependence of d ie lec t r ic  p a r a m e t e r s  of  cap i l l a ry  
porous  m a t e r i a l s  on m o i s t u r e  content is descr ibed .  

Dep. 4097-77, September  26, 1977. 
Original  a r t i c l e  submit ted  August 18, 1975. 

TEMPERATURE COMPENSATION AND ESTIMATE 

OF SENSITIVITY OF RESONATOR METHOD OF MEASURING 

MOISTURE CONTENT OF LIQUID DIELECTRICS 

V. I. Spiridonov and A. A. Dem'yanov UDC 617.621 : 533.275 

The pe rmi t t iv i ty  of nonpolar  and weakly polar  liquids and the i r  aqueous emuls ions  d e c r e a s e s  with in- 
c r ea s ing  t e m p e r a t u r e ,  leading to an inc rease  in the resonan t  f requency of a r e s o n a t o r .  A s imul taneous  i nc rea se  
in the length and d iame te r  of  a r e s o n a t o r  d e c r e a s e s  its r e sonan t  f requency.  If  the change in the r e sonan t  f r e -  
quency of the r e s o n a t o r  a r i s ing  f r o m  the change in permi t t iv i ty  is the s a m e  as that f r o m  the change in its di-  
mens ions ,  the t e m p e r a t u r e  of the liquid will not affect  the value of the r e sonan t  frequency.  

Taking account of the l inear  na ture  of the t e m p e r a t u r e  dependence of the pe rmi t t iv i ty  of a liquid, we have 
used the method of smal l  pe r tu rba t ions  to der ive  an express ion  for ca lcula t ing the n e c e s s a r y  s t ruc tu ra l  di-  
mensions  of a r e s o n a t o r  and choosing the ma te r i a l  for its cons t ruc t ion  so as to ensure  t e m p e r a t u r e  c o m p e n s a -  
tion. Relat ions were  obtained for a cyl indr ical  r e sona to r  with osc i l la t ions  of the H01T type with i ts  cavi ty  p a r -  
t ia l ly  filled with the m a t e r i a l  under investigation.  

The r e s u l t s  obtained show that comple te  compensat ion  is poss ib le  only for a definite mo i s tu re  content of 
the emulsion.  The t e m p e r a t u r e  e r r o r  i nc reases  with increas ing  t e m p e r a t u r e  and as the mo i s tu re  content ex-  
ceeds the nominal  value.  The t e m p e r a t u r e  e r r o r  i nc reases  with inc reas ing  r e l a t i ve  sens i t iv i ty  of the method 
and is m a x i m u m  for the method using comple te  filling of the r e s o n a t o r  cavi ty  with the liquid under investigation.  
To d e c r e a s e t h e  t e m p e r a t u r e  e r r o r  it is expedient to m e a s u r e  smal l  m o i s t u r e  contents by par t i a l ly  filling the 
r e s o n a t o r  cavi ty  with the liquid under investigation.  

To es t ima te  the effect  of the posit ion and thickness  of the m e m b r a n e  on the m e a s u r e m e n t s  of  mo i s tu re  
content,  a coefficient  is introduced to c h a r a c t e r i z e  the sens i t iv i ty  of the r e s o n a t o r  method with par t ia l  filling 
r e l a t i ve  to the sens i t iv i ty  of the method with comple te  filling. The r e l a t ive  sens i t iv i ty  i n c r e a s e s  if the a i r - d i -  
e lec t r i c  boundary  (in the p r e s e n c e  of a d ie lec t r ic  m e m b r a n e  and without it) is at an antinode of the e lec t r i c  
field. The highest  sens i t iv i ty  can be obtained by using a q u a r t e r - w a v e  d ie lec t r ic  m e m b r a n e .  
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Measuremen t s  showed that the sens i t iv i ty  of the r e s o n a t o r  method with par t ia l  filling is high, r each ing  
15 MHz per  1% mois tu re  content for m o i s t u r e  contents  up to 0.5%. The r e l a t i ve  e r r o r  in measu r ing  mo i s tu r e  
content in this s a m e  range  of m o i s t u r e  contents  does not exceed 5% for t e m p e r a t u r e  changes f r o m  20 to 50~ 

Dep. 4099-77, October 7, 1977. 
Original  a r t i c l e  submi t ted  F e b r u a r y  18, 1976. 
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G A S E S  A T  H I G H  P R E S S U R E .  

H. ADIABATIC EXPONENTS AND DEPARTURE COEFFICIENTS OF AIR 

AT PRESSURES UP TO 1000 BAR 

A .  M. R o z e n ,  Y a .  S.  T e p l i t s k i i ,  
E .  A .  T s u k e r m a n ,  a n d  A .  Z .  R a i k o  
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We p resen t  ca lcula ted  values  of  the t e m p e r a t u r e  and volume adiabat ic  exponents and graphs  of the spec i f -  
ic  hea t s  Cp and Cv, the depar tu re  coeff ic ients  #p  and #T,  and the adiabatic exponents Kv and X as functions of  
the p r e s s u r e  and t e m p e r a t u r e  for a i r .  

Choosing as the mos t  r e l i ab le  the equation given in [1], 

where  a0, as ,  fl, and 7 a r e  e l e m e n t a r y  functions depending only on the reduced  densi ty  and the reduced  t e m p e r a -  
t a r e :  

, = I/T; T = T/Tcr  ; r = Vcr IV; o = Z~; Z =: P V I R T ,  

af te r  s o m e  s imple  t r an s fo rm a t i ons  we obtained an equation in the f o r m  of a v i r i a l  s e r i e s  in i nve r se  powers  of 
V and T in a f o r m  mos t  convenient  for machine  ca lcula t ions:  

Z ~  
bzy 

R T  ~ V iT  i 
i=l  i=0 

Star t ing f r o m  this  equation re l a t ions  w e r e  de r ived  and calcula t ions  were  made of the depa r tu re  coef -  
f icients  #p, P T , # w  KTT,  and Kpp for t e m p e r a t u r e s  T =240-600~ and p r e s s u r e s  P=25-1000  bar .  The volume 
and t e m p e r a t u r e  adiabat ic  exponents Kv and ~ calcula ted  f r o m  the exp res s ions  [2] 

Ks= cp cpZ x =  cp cp 
cvK rr  (cp - -  A~Frp.p) Kpp Cvi d Cp - -  ARp, p 

a r e  tabulated and shown graphical ly .  It is c l ea r  f r o m  Fig. 1 that  the values  of Kv inc rea se  substant ia l ly  with 
inc reas ing  p r e s s u r e  and the i so the rms  b e c o m e  s t e epe r  as the c r i t i ca l  region is approached.  This indicates  
that  at high p r e s s u r e s  the c o m p r e s s i b i l i t y  of  the gas  d e c r e a s e s  and i ts  p rope r t i e s  approach  those  of a liquid. 

Fig. 1. 

4~ 

3 

~0 K \ J  

o ~0 6O0 P 

Volume adiabat ic  exponent Kv as a 
function of p r e s s u r e  P, ba r .  
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The t e m p e r a t u r e  adiabat ic  exponent ~ is r e l a t i v e l y  c lose  to the idea l  value for p r e s s u r e s  up to 200 ba r ;  
at  higher  p r e s s u r e s  it d e c r e a s e s  app rec i ab ly  with d e c r e a s i n g  t e m p e r a t u r e .  Small  changes of the t e m p e r a t u r e  
ad iaba t ic  exponent with p r e s s u r e  make this quanti ty v e r y  convenient for t he rmodynamic  ca lcu la t ions .  
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We p re sen t  e x p e r i m e n t a l  P - p  - T  data on l iquid methyl  hexyl  ketone for  t e m p e r a t u r e s  f rom 270 to 670~ 
and p r e s s u r e s  f rom 1 to 800 ba r  obtained for the f i r s t  t ime  by the method of hyd ros t a t i c  weighing. The p rob -  
able  e r r o r  is e s t ima ted  as + 0.1%. 

Some of the expe r imen t a l  va lues  of the dens i ty  of me thy l  hexyl  ketone a re  l i s t e d  in Table  1~ 

Star t ing f rom the fact that  sec t ions  of i s o t h e r m s  in p - P coord ina tes  at  constant  dens i t i es  p a r e  r e c t i -  
l i nea r  to within • 0.12% in dens i ty  over  the whole r ange  of t e m p e r a t u r e s  and p r e s s u r e s  encountered  in the ex-  
pe r imen t ,  the P - p  - T  data  for me thy l  hexyl  ketone were  d e s c r i b e d  by an equat ion of s ta te  of the fo rm 

P = A (p) ~ B (p) T, 

where  A and B a r e  functions of p ; P is the p r e s s u r e  on the l iquid,  ba r ;  T is the t e m p e r a t u r e ,  ~ 

The coef f ic ien ts  A and B were  found s e p a r a t e l y  for each l ine p =cons t  by  the method of l ea s t  squa res .  
Graphs  of the functions A = f(v) and B = f(v), where  v = 1 / p  is the spec i f ic  volume,  have the shapes  of a potent ia l  
curve  and a hyperbo la ,  r e s p e c t i v e l y .  This behav ior  of the functions A = f(v) and B = f(v) becomes  c l e a r  if the i r  
phys ica l  meaning is taken  into account.  As a ma t t e r  of fact ,  it is  ea sy  to show that A = -  (3~p/8V)T, where  (p is  
the i n t e r m o l e c u l a r  in te rac t ion  energy ,  V = #v is the mo la r  volume,  # is the mo lecu la r  m a s s ,  and B = ( a p / a T )  v. 

Having an analy t ic  e x p r e s s i o n  for the  function A =f(v), and taking account of the fact  that  the graph of th is  
function approaches  the axis  of spec i f ic  vo lumes  a sympto t i ca l l y ,  the i n t e r m o l e c u l a r  in te rac t ion  ene rgy  for a 
given v can be found f rom 

~ = ~ ~t ~ A ( v) d~, 
oo 

which p e r m i t s  the checking of o ther  t he rmodynamic  quant i t ies .  

TABLE i. 

P, bar 

0,98 
50,06 
99,11 

197,21 
295,3t 
393,41 
491,51 
589,61 
687,71 
785,81 

T = 2 7 3 , 1 5 ~  

0,8338 
0,8367 
0.8396 
0,8453 
0,8498 
0,8545 
0,8602 
0,8653 
0,8703 
0,8751 

313,15 

0,80t3 
0,8050 
0,8085 
0,8150 
0,8218 
0,8278 
0,8340 
0,8403 
0,8462 
0,8520 

p. 10 -s, kg/mS 
374,31 476,15 

0,7557 0,6621 
0,7605 0,6736 
0,7694 0,6915 
0,7784 - 0,706l 
0,7868 0,7182 
0,7950 0,7290 
0,8025 0,7393 
0,8100 0,7491 
0,8169 0,7581 

566,08 

0,5"836 
0,6134 
0,6378 
0,6557 
0,6710 
0,6845 
0,6978 
0,7084 

673,15 

0,4"452 
0,5182 
0,5550 
0,5825 
0,6048 
0,6220 
0,6370 
0,6510 
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N U M E R I C A L  I N V E S T I G A T I O N  O F  C E R T A I N  B A S I C  L O C A L  

R A D I A T I V E  H E A T - T R A N S F E R  C H A R A C T E R I S T I C S  

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

S E C T I O N  ( R A T I O  O F  S I D E S  O F  B A S E  a : b = 1 . 5 )  

Yu .  V. K u r b a k o v ,  N.  N. N e v s k a y a ,  
V.  L .  P r o k o f ' e v ,  a n d  Yu .  A .  S u r i n o v  

UDC 536.241 

To obtain high-qual i ty  food products  which a r e  subject~ed to heat  t r ea tmen t  in the manufac tur ing  p r o c e s s ,  
it is impor tant  to know local  as well  as ave r age  values  of r ad ia t ive  h e a t - t r a n s f e r  c h a r a c t e r i s t i c s .  

Local  r ad i a t ive  h e a t - t r a n s f e r  c h a r a c t e r i s t i c s  were  invest igated numer i ca l l y  by the Yu. A. Sarinov gen-  
e r a l i zed  zonal method. 

The widespread  use  of  the genera l i zed  method of  de termining  local  r ad ia t ive  h e a t - t r a n s f e r  c h a r a c t e r i s -  
t ics  is d e t e r r e d  by the n e c e s s i t y  of p e r f o r m i n g  voluminous calculat ions with v e r y  c u m b e r s o m e  and compl ica ted  
fo rmulas .  

We have ca lcula ted  r ad ia t ive  heat  t r a n s f e r  in a chamber  with a r ec tangu la r  base .  The height of the 
chamber  was va r i ed  f r o m  0.1 to 10.0 (22 values)  in r e l a t ive  units.  Each side of the chambe r  was divided into 
121 local  port ions.  

A mixed formulat ion of the p r o b l e m  was cons idered:  The net radiant  flux on the l a te ra l  su r f ace s  of the 
chamber  and the t e m p e r a t u r e s  and emis s iv i t i e s  of the upper and lower bases  of the chambe r  were  specif ied,  
and the local  dis t r ibut ions of rad ian t  fluxes ove r  the upper  and lower ba se s  of  the chamber  and the t e m p e r a -  
t a r e  over  the l a te ra l  su r f ace  were  de te rmined .  The emi s s iv i t y  of the bases  was var ied  f r o m  0.01 to 1.0 (six 
values  for each base) .  

The r e s u l t s  obtained a r e  p re sen ted  in tab les  and graphs  which can be used  in engineer ing prac t ice .  

It can be seen  f r o m  Eqs. (1)-(3) that  the main difficulty in the numer i ca l  computat ion of local energy  
c h a r a c t e r i s t i c s  is the de te rmina t ion  of the local  angular  r e so lv ing  coeff ic ients .  F igure  12 shows the depen- 
dence of the local  angular  r e so lv ing  coeff ic ients  f r o m  points of  the lower base  to points on the upper  base  as a 
function of the e m i s s i v i t y  of the lower base .  

The six ca lcula ted  cu rves  of  Fig. 12 can be used to de te rmine  local  angular  r e so lv ing  coeff ic ients  4~ (M 1, 
F 3) for  rad ia t ing  s y s t e m s  having N = I . 0 ,  1.25, 1.5, 2.0 and L=0 .5 ,  0.75, 1.0, 1.5, 2.0, 3, 4, 5, 6, 7, 8, 9, 10 with 
an e r r o r  of no m o r e  than 1.5-10%. It tu rned  out that  the e r r o r  in using Fig. 12 is s m a l l e r ,  the sma l l e r  A 1 and 

A 3 �9 

Thus,  it can be s ta ted  that  for the indicated values  of N and L, eb (Nit, F3) is a function only of the e m i s -  
s iv i ty  as  is c l ea r  f r o m  the values  of the d imens ion less  local  densi ty of the net rad ia t ion  of zone 1 given in Table 

6. 

The constancy of r  1, F 3) for constant  values  of  the emi s s iv i t y  apprec iab ly  s impl i f ies  the computat ion 
of r ad ia t ive  heat t r a n s f e r  in a p r i s m a t i c  chamber  of r ec t angu la r  c r o s s  section.  

The work  is designed to supply r e f e r e n c e  m a t e r i a l  for the engineer ing  solution of r ad ia t ive  h e a t - t r a n s f e r  
p rob l ems  in a chamber  of r ec t angu la r  c r o s s  section.  

Dep. 4497-77, August 2, 1977. 
GEiginal a r t i c l e  submit ted  August 2, 1977. 
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S O L U T I O N  O F  A S Y S T E M  O F  D I F F E R E N T I A L  E Q U A T I O N S  

F O R  M O L E C U L A R  T R A N S P O R T  W I T H  N C O U P L E D  F L U X E S  

Y u .  A .  T i m o f e e v  UDC 536.24 : 681.3 

whe re  

We p r e s e n t  the solut ion of  a s y s t e m  of  t r a n s p o r t  d i f fe ren t ia l  equat ions  with N coupled  f luxes :  

N 

i= l  

~ (T, x)l~= o = ~lh (x), x E; 6; M [~ (~, x)]]r = ~h(y, % y~; P, 

0~a 
M[Ok(x, x)]lr = a - - ~ v  +~Oh, a~=0,  a2+~*r 

Using spec ia l ly  c o n s t r u c t e d  funct ions  which sa t i s fy  the condi t ions  for  the expans ion  of  an a r b i t r a r y  func-  
t ion in a s e r i e s  of_eigenfunctions of  the  Laplac ian  o p e r a t o r  [1] which is u n i f o r m l y  and abso lu te ly  conve rgen t  in 
a c lo sed  in te rva l  G, and us ing  [2], we obtain an expl ic i t  solut ion of  the  p rob lem.  

The coef f ic ien t s  in the  s e r i e s  giving the so lu t ion  contain  all  the p a r a m e t e r s  o f  the p r o b l e m  expl ic i t ly ,  and 
the s e r i e s  have the m a x i m u m  poss ib le  r a t e  of  c o n v e r g e n c e  for  a given s m o o t h n e s s  of  the funct ions  fk, ~Tk, and 

~k-  

L I T E R A T U R E  C I T E D  

1. V . A .  I i ' in ,  M a t e m .  St)., 45, No. 2 (1958). 
2. D . K .  Kaupov, in: Dif ferent ia l  Equat ions  [in Russ ian] ,  Nauka,  A l m a - A t a  (1967). 

Dep. 11-78,  Sep tember  26, 1977. 
Original  a r t i c l e  submi t t ed  Apr i l  19, 1977. 

H E A T  C O N D U C T I O N  F O R  A H A L F S P A C E  W I T H  V A R I A B L E  

C O E F F I C I E N T S  A N D  M I X E D  B O U N D A R Y  C O N D I T I O N S  

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

V. M.  K h o r o l ' s k i i  UDC 536.21 

We c o n s i d e r  the hea t - conduc t i on  equat ion 

0) 
Ot = o)AO -~- ~Ox -~- aOy @ 70 -'~ --~ ~, M G u, / > 0  

with mixed  b o u n d a r y  condi t ions  

(1) 

--k0z (N, t) = q (N, t), N c S  : ~ - - S ,  (2) 

-~0,  (N, t) = ~ (N, 0[8 (N, t) -- 0 (g, t)], N e S (3) 

and init ial  condi t ions  0(M, 0 ) = # ( M ) ,  M e u  , w h e r e  u i s  the  ha l f space  z _>0; ~ is the  plane z =0; S is a c e r t a i n  
domain  on the bounda ry  of  the  body ~2 ; M= (x, y,  z); N= (x, y ,  0); w,  k ,  a ,  and fl axe cons tan t s ;  Y = y(t) is an 
a r b i t r a r y  funct ion of  t ime;  A is the  Lap lac ian  o p e r a t o r .  We define a new unknown function v by  the  r e l a t i on  

0 = v exp [H (N, t)]; (4) 

Then Eq. (1) t akes  the f o r m  

' il  =1 H(N, t ) = - - - ~ -  [l~x+czy]+ 7( '0 - -  f~ r tiT. 
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C0 
vt = oar + -~- ~/e--n; o (M, 0) ---- g (M) e -mN'~ (5) 

The heat  flux on the boundary of the region [2 

--~.Oz(N, t) = q ( N ,  O, --~'vz(N, t) = q(N, t)e -~l(~v't} 

is known only in the domain S; it is to be de te rmined  in the domain S. 

On the bas i s  of  the theo ry  of heat  potent ia ls  we f i r s t  wr i te  the genera l  solution of Eq. (5) in t e r m s  of the 
heat  flux q(N, t) ,  and then use  (4) to find the genera l  solution of Eq. (1): 

t 
CO �9 �9 

0 ( M ,  t )  = cD ( M ,  t )  + - - ~ - j  dT J q ( N  o, "~) G (M, No, t, "~) dS. ( 6 )  

o s 

Here  O(M, t) is a known function; N o =(x0, Y0, 0)r G(M, M0, t ,  1-) = G*(M, M0, t-T)exp[H(N, 0 - H ( N 0 ,  ~')]; M 0 = 
(x0, Y0, z0)Eu; G*(M, M 0' t ,  ~') is the Green  function of the second kind for  the ha l f space  dS = dx0dY 0. Setting 

M = N  in Eq. (5) and using boundary  conditions (2) and (3), we obtain an integral  equation of the Vo l t e r r a  type in 
the t ime  and of the F redho l m  type in the coordina tes  for the heat  flux of q(N, t) 

t 
60 

F (N, t) + --~ o, (N, t) j'd'~ ~a (No, "0 a (N, No, t, "0 dS. (7) q (N, t )  

0 s 

The kernel  of this in tegra l  equation has  a r e m o v a b l e  s ingular i ty  in the t ime  and consequent ly  can be solved by 
the method of succes s ive  approximat ions .  The method of succes s ive  approximat ions  involves mult iple in tegra -  
tion which s eve r ly  l imi t s  the computat ional  poss ib i l i t i es  of the method. We use a m o r e  convenient approx imate  
method of solving Eq. (7) which leads  to t r i angu la r  type r e c u r r e n c e  re la t ions .  

The method p resen ted  for solving heat-conduct ion p rob l ems  for a ha l f space  with va r i ab le  h e a t - t r a n s f e r  
coefficients and mixed boundary  conditions can be extended to other  bodies for which the Green function is 
known. 

Dep. 9-78, October 28, 1977. 
Original a r t i c le  submit ted  December  2, 1976. 

E S T I M A T E  OF A C C U R A C Y  O F  N U M E R I C A L  

OF A N A L Y T I C  S O L U T I O N S  O F  U N S T E A D Y  

H E A T - C O N D U C T I O N  P R O B L E M S  

A.  A.  S k v o r t s o v  a n d  ]~. G.  R o s t o v t s e v  

C O M P U T A T I O N  

UDC 536.2.02 

Using the asymptot ic  fo rmulas  for Besse l  functions of l a rge  a rgument ,  and applying the methods of dif- 
fe rent ia l  calculus ,  we have es t ima ted  the absolute  magnitude of the r e m a i n d e r  of the functional s e r i e s  ap p ea r -  
Lag in the analytic solutions of heat -conduct ion p rob l ems  for unbounded plates  and cyl inders  (including the 
a s y m m e t r i c  heating of a plate for boundary  conditions of the th i rd  kind and the heat ing of a hollow cylinder)  for 
boundary  conditions of the f i r s t ,  second, and th i rd  kinds. 

For  a boundary condition of the fourth kind the numer i ca l  computat ion of the solution for an unbounded 
p la te  is reduced  to the use of tabulated functions. For  an unbounded cyl inder  in an unbounded medium the im-  
p rope r  in tegral  appear ing  in the solution [1] is broken up into th ree  in tegra ls :  

�9 q e x p  - -  = : -  -- '  . 
~2 [r (it) ~- *z (a)] ~, 

0 0 0 p P 

Since the l imi t s  of integrat ion of the or iginal  in tegra l  a r e  s ingular  points,  the p rob l em is reduced  to 
choosing p and P so that the absolute  magnitude of the f i r s t  and th i rd  in tegra ls  of the sum does not exceed a 
p reas s igned  value. 
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The re la t ions  obtained pe rmi t  the de terminat ion  of the number  of t e r m s  of the cor responding  functional 
s e r i e s  or  the choice of the l imi t s  of integrat ion for the imprope r  in tegral  so as to ensure  the r equ i red  ac -  
cu r acy  of the numer i ca l  computat ion.  

L I T E R A T U R E  C I T E D  

1. A . V .  Lykov, Theory  of Heat Conduction [in Russian] ,  Vysshaya  Shkola, Moscow (1967). 
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