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The amolmt of working  fluid in a heat  pipe has  a m a r k e d  effect  on the m a j o r  c h a r a c t e r i s t i c s  such as the 
max imum h e a t - t r a n s f e r  capac i ty  and the t e m p e r a t u r e  d i f f e rence .  The exact  effect  is  dependent on the design 
and on the geome t ry  of the c a p i l l a r y  s t ruc tu r e  as  well  as on the working  condit ions.  Publ ished p a p e r s  deal  
with the ef fec ts  of the amount of l iquid on the h e a t - t r a n s f e r  capac i ty  but not on the t e m p e r a t u r e  d i f fe rence .  

The effect  on the t e m p e r a t u r e  d i f ference  has  been examined  with a pipe made of AMg6 alloy with an out-  
side d i a m e t e r  of 18 m m  and a wall  th ickness  of 1.5 ram.  The cap i l l a ry  s t ruc tu re  was composed  of 45 longi-  
tudinal  s lo ts  of s ize  0.6 • 0.7 mm on the inside su r face .  The pipe length was 0.8 m,  with lengths of 0.2 and 
0.26 m,  r e s p e c t i v e l y ,  for  the heat ing and condensat ion zones.  The heat  c a r r i e r  was anhydrous ammonia .  
The t e m p e r a t u r e  pa t t e rn  was de t e rmined  along with the l imi t ing  h e a t - t r a n s f e r  capac i ty  for  a given amount of 
l iquid within the tube.  

E m p i r i c a l  r e l a t i onsh ips  a re  p r e s e n t e d  for  the ef fec ts  of the amount of l iquid on the t e m p e r a t u r e  d i f f e r -  
ence and the h e a t - t r a n s f e r  capac i ty .  Var ia t ion  of the volume between 0.8 and 1.3 of the nominal  value causes  
the h e a t - t r a n s f e r  capac i ty  to i n c r e a s e  by more  than a f ac to r  3.5 and the t e m p e r a t u r e  d i f ference  for  a given 
l imi t ing  heat  t r a n s f e r  by a f ac to r  8. On the o ther  hand, the t e m p e r a t u r e  d i f ference  for  the given t r a n s f e r r e d  
power  a l t e r s  only by a f ac to r  2.5-3.  T h e r e f o r e ,  the exac t  spec i f i ca t ions  cause the amount of l iquid to influence 
a l l  the working c h a r a c t e r i s t i c s  cons ide rab ly .  
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The d isso lu t ion  of a l a y e r  of so l id  f rom the inside of a cy l ind r i ca l  pipe in a turbulent  ftow of solvent  is  
d i s c u s s e d ;  the su r face  of the l a y e r  is  c i r c u l a r  but is  e c c e n t r i c  with r e s p e c t  to the tube.  

The equation for  the d issolut ion  k ine t i c s  [ l l  i s  put in the fo rm 

d8 k d 
_ [c s -  r (x, t)], (1) 

dt 7 

where  5 is  the th i ckness  of the d i s so lved  p a r t  of the l a y e r ;  kd,  d issolut ion  coeff ic ient ;  y ,  dens i ty  of the l a y e r  
on the wal l ;  Cs, s a tu ra t ion  concent ra t ion ;  and ci(x,  t),  concent ra t ion  in the solvent  at a d is tance  x f rom the 
s t a r t  of the pipe at t ime t ,  and this  is  combined with the conse rva t ion  equation 

c~c~ Oc~ (2) 
0--7- + ~ ~ --~(~s--c~)=O, i =  I, 2, 

c~ = c, for x = w (t--  tD, (3) 

c2 (~ (0, t) = c~ (~  (t), t), (4) 
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0-T + ~ - ~ x  - ~ ( c s -  c") I - -- 0, (5) 

c3 (~2 (0 ,  t) = 0, (6) 

where w is the solvent flow speed and D is the d iameter  of the pipe, while ~ = 4kd/D; ~l(t) and ~2(t) are func- 
tions defined f rom the conditions q~(~ l(t), t) = 0, q~(~ 2(0, t) = 7r. 

Equation (5) a r i ses  because of the uneven disposition of the mater ia l  on the inner surface and applies for  
any section of the pipe along with (2) af ter  a clean surface has appeared. 

Equation (5) resul ts  in a differential equation for ~(x, t) as a function charac te r iz ing  the par t  of the c ros s  
section where the layer  of solid has been completely taken up by the solvent: 

0~ 0~ 0~ ~ 0~" = 0. (7) 
at--~'. + w ~xOt + ~ at 2~ at 

A solution to (7) is given f rom which a relationship is derived for  the time taken to dissolve the solid. 
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RADIOMETRIC DETERMINATION OF WATER CONTENT 

N. N. Nevskaya and V. L. Prokof'ev UDC 539.121.7:632.123 

Methods of monitoring water content in granular materials by means of ionizing radiation have various 
advantages; the T-ray method of measuring water content employs the attenuation of T rays by scattering and 
absorption. The integral and spectral characteristics of the T-ray field can be used to determine the water 
content. 

The changes in spectral characteristics of the T-ray field are considered for S~ and 137Cs sources. 
Spectra are examined to establish the contributions from multiple scattering to the total intensity. The forms 
of the spectra define the optimum measurement geometry. The measurements were performed with a scintil- 
lation detector consisting of an FEU-35 photomultiplier and Nal crystal working with an AI-100 multichannel 
analyzer. The apparatus spectra were recorded with broad and narrow beams and show that the general 
relationships are not substantially altered, but the number of scattered quanta is much larger for the broad- 
beam geometry. The multiple scattering provides adequate information on the water content. 
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T-RAY SPECTRA OF 6~ AND 137Cs IN RELATION 

TO WATER CONTENT OF GRAIN [N VARIOUS 

MEASUREMENT GEOMETRIES 
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and V. N. Sytik 
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Precis ion physical  methods and ins t ruments  are required in the food industry on account of the needs of 
the p roces se s ;  the production equipment and the quality of the product  are  dependent on the quality of the raw 
mater ia l .  Therefore ,  exact measurements  on the pa rame te r s  of the raw mater ia l  enable one to obtain a product 
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with given technological features. Radiation methods of measuring water content have been widely employed 

in hydraulic engineering and related areas, and they have various advantages, in partioular, ghat they are non- 
destructive, highly sensitive, and rapid. Radiation instruments are designed for long working lives and are 

economical in operation. 7-Ray measurement of water content is based on Compton interaction between the 
radiation and the material. A suitable measurement geometry and suitable T-ray energy can be chosen to 

adjust the magnitude of the output signal to suit the changes in the object. The optimum geometry has been 
examined by reference to the radiation fields in grain, with determination of the contribution from scattered 
radiation as a function of the water content. A two-beam monitoring method has been suggested. One detector 
records only the direct beam, while the other records the direct and scattered radiations. The ratio of the 
intensities is compared, which gives a count rate proportional to the water content. 

Dep. No. 1146-79. 
(Received July 13, 1978; abstract July 13, 1978.) 

A QUASIZONE METHOD 

HEAT TRANSFER 

F O R  CALCULATING RADIANT 

S .  P .  R u s i n  UDC 536.3 

By ana logy  with  [1], the fo l lowing  k e r n e l  i s  u s e d  fo r  the i n t e g r a l  equa t ion  wi th  e x p o s u r e  and r e f l e c t i o n  
d i f fuse  and m o n o c h r o m a t i c :  

Eef (M) = Ec (M) + R (M) f K (M. N) Zef(N ) d F  N . (1) 

w h e r e  the s y m b o l s  a r e  a s  in [1], wi th  th i s  r e p r e s e n t e d  as  the  s u m  of a d e g e n e r a t e  k e r n e l  K s and the k e r n e l  
K F ,  the  n o r m  of the l a t t e r  b e i n g  such  tha t  i t e r a t i o n  i s  e f f e c t i v e .  As  a r e s u l t ,  the i n i t i a l  i n t e g r a l  equa t ion  
s p l i t s  up into two s y s t e m s .  One s y s t e m  of i n t e g r a l  equa t i ons  can  be  s o l v e d  e f f e c t i v e l y  by  i t e r a t i v e  m e t h o d s ,  
b e c a u s e  the  n o r m  of the  k e r n e l  i s  s m a l l ,  wh i l e  the  o t h e r  s y s t e m  can  be s o l v e d  by m e t h o d s  f r o m  l i n e a r  a l g e b r a .  

I t  i s  a s s u m e d  tha t  the s u r f a c e  F i s  s p l i t  up into n z o n e s ,  wi th in  e a c h  of which  a k e r n e l  K(M, N) can be  
a p p r o x i m a t e d  a s  a funct ion of Mi;  then the subs t i t u t i on  

Kj(Mi, Nj) s , r = K i (MD T K  i (M~, Ni) 

i s  m a d e  in (1) and  t r a n s f o r m a t i o n  g i v e s  

]=1 F I 

Lj(Mi) = K 7(M~) + ~ .[ Fh (M~, Nh) R(Nh) K}(Nh) dFNh, 
h=IF k 

Cj = .f Eaf(Ny ) dFNi; 
F i 

h = l  F h 

Mult ipLica t ion  of (2) by  d F M i  and i n t e g r a t i o n  wi th  r e s p e c t  to F i g i v e s  a s y s t e m  of l i n e a r  a l g e b r a i c  e q u a -  
t ions  : 

c i -  ~_~ aiicy = [i, i,  ] = 1, n;  (4) 
]=i 

aij = .f R(M~) L i (Mi) dFivf~, 
Fi 

F i ]=I  F j  
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Then (3) is solved by an i terative method and (4) by methods from linear a lgebra,  and the functions 
Eef(M i) are  derived f rom (2) with the neces sa ry  accuracy  for  a small  number  of zones. 
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C O N V E C T I V E  H E A T  T R A N S F E R  A N D  T H E  T E M P E R A T U R E  

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

C U R V I L I N E A R  H O L E  

A.  P .  M a t k o v s k i i  UDC 536.21 

The tempera ture  distribution in a thin isot ropic  shell containing a curvi l inear  hole without co rne r s  is 
determined;  the shell is in convection heat t r ans f e r  with the environment and a boundary condition of the third 
kind applies at the edge of the hole. It is assumed that the median surface of the shell has a met r ic  with 
Euclidean geometry  nea r  the hole, while the principal  curva tures  are  constant.  

The problem is solved by per turbing the form of the boundary and can be reduced to a sequence of prob-  
lems for  a shell with a c i r cu la r  hole. The discussion concerns a hole of shape such that the function w(~) = 

+ ef(~) defines the mutually unambiguous conformal  mapping of the infinite plane of the variable ~ with a 
c i r cu la r  hole on an infinite plane with a curvi l inear  hole. The function f and the value of e are dependent on 
the shape of the hole,  t el << 1. In par t icu lar ,  the c lass  of holes is envisaged in which the form is a regular  
polygon with rounded co rne r s  (as well as an ellipse).  

Figure 1 shows the resul ts  up to the second approximation inclusive for  the integral  charac te r i s t ic  T~ 
for  the s teady-s ta te  t empera ture  distribution. Here T 1 is related to the temperature  of the medium t (m) = 
const r 0, while the tempera ture  of the medium at the edge of the hole is zero.  The elliptical hole was taken 
with e = 1/4 (eccentricity 0.8), while e was 1/4 and 1/9,  respect ively ,  for  the t r iangular  and square holes.  
The coordinate sys tem lies at the center  of s y m m e t r y  of the hole and the line 0 = 0 ~ coincides with the major  
semiaxis of the ellipse and passes  through a ver tex of the tr iangle or square.  Figure 1 shows that the larges t  
variat ion in T 1 occurs  at the edge of the t r iangular  hole. 

T~ 

1 ! 

! , 

0,450 0o 

Fig. i .  Integral temperature curves T t at the 
edge of the following holes: I) elliptical; 2) tri-  
angular; 3) square. The broken line is Ti at the 
edge of a circular hole (zero approximation). 
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SOLUTION OF A STEADY-STATE CONJUGATE 

PROBLEM IN THERMAL CONDUCTION AND 

CONVECTIVE HEAT TRANSFER 

L. Ya. Gavenskii and M. S. Trifel T UDC 536.24.02 

Complex boundary-value problems with nonlinear boundary conditions have to be examined in research 
on heat transfer in a system of structures of various shapes and sizes. 

A method is given for calculating the heat transfer in a system of structures of arbitrary shape subject 
to linear and nonlinear boundary conditions, where boundary integral equations are employed. 

Consider the following system of boundary conditions: 

at, I ~ - J s o = -  ~-~ (tso tsz  )' 

~1 \-~[-~ ] Is c = ~ ,(E~-~ ] s z (1) 

Here S c is  the su r face  of the body with t e m p e r a t u r e  tSc,  while Sl is  the su r face  of the t r ans i t ion  l a y e r  of t e m -  

p e r a t u r e  ts /  su r rounding  the body,  t~ and t 2 a r e  the t e m p e r a t u r e s  on the opposi te  s ides  of the su r f aces  S c and 

Sl ,  ~ 1 and X 2 a r e  the t h e r m a l  eonduct iv i t ies  for  the reg ions  with t e m p e r a t u r e s  t 1 and t 2, and a i s  the hea t -  
t r a n s f e r  coeff ic ient  within the t r ans i t i on  l a y e r .  

The s y s t e m  (1) subs tan t i a l ly  s imp l i f i e s  the ana lys i s  of the conduction and convective heat  t r a n s f e r  by 
e l imina t ing  the inconvenient  thin t r ans i t i on  l a y e r .  The t h e r m a l  condit ions can then be de t e rmined  as a conju-  
gate p r o b l e m ,  where  i t  i s  p o s s i b l e  to i nco rpo ra t e  the mutuaI effects  of the s t ruc tu re  and the medium.  

Boundary condit ions of the fourth kind a r e  a p a r t i c u l a r  case  of (1) and follow f rom these  in the absence 
of the thin t r ans i t ion  l a y e r  (~ - -  ~).  

The solution to any p rob l em in convect ive heat  t r a n s f e r  involves  the study of a s y s t e m  of equations con- 
ta in ing the energy  equat ion,  equat ions of mot ion,  the equations of continui ty,  and var ious  e m p i r i c a l  equat ions 
r e l a t i ng  the t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  of the s t r u c t u r e s  and envi ronment .  

The p r e s e n t  p r o b l e m  for  convect ive heat  t r a n s f e r  is  solved by i t e r a t ion .  Approximat ion  m to the so lu-  
tion of the energy  equation s a t i s f i e s  P o i s s o n ' s  equation 

V't(ml + f~e'~-~ = o, (2) 

where  fetm-" I) is a ce r t a in  function defined in approx imat ion  m - 1 and which is dependent on t e m p e r a t u r e ,  the 
t h e r m a l  conduc t iv i t i es ,  p r e s s u r e ,  enthatpy,  the dens i ty  of the l iquid o r  gas ,  the spec i f ic  hea t s ,  and o ther  
p a r a m e t e r s .  

The solution of (2) is hard ly  the mos t  compl ica ted  s tage in the solution of any p r ob l e m  involving convec-  
t ive heat  t r a n s f e r .  If the p rob l em involves  conduction or  convection with constant  p a r a m e t e r s ,  the solution is  
governed by (2) a lone,  and the f i r s t  approx imat ion  is  the d e s i r e d  function. 

When one c o n s i d e r s  an infinite extended region G that  i n c o r p o r a t e s  N c h a r a c t e r i s t i c  h e a t - t r a n s f e r  fea-  
t u r e s  and subreg ions  Gi with i = 1, 2 . . . .  , N, one gets  a p r o b l e m  in which each p a r t  is  spec i f ied  by i t s  ex t e rna l  
su r face  E i.  This does not rule  out the case  where  fo r  any two p a r t s  m and n the condition Gm E Gn is  met .  

The solut ion is  sought as  a l i n e a r  combinat ion of the poten t ia l s  for  s ingly and doubly charged  l a y e r s  to -  
ge ther  With space cha rges  and amounts  to solut ion of a s y s t e m  of i n t eg ra l  equat ions of F r e d h o l m  type:  

q~j (M]) = Ij (q~ (MJ, q~ (M2) ..... %N (M~)) 

for  the n o r m a l  components  of the hea t - f lux  densi ty  vec to r  qnl . . . . .  qnN for  a l l  the s u r f a c e s  in the inhomoge-  
neous medium (j = 1, 2 . . . . .  N). 

An example  is  cons ide red  of the t e m p e r a t u r e  d i s t r ibu t ion  t ins ide  and outside an insula ted  me ta l l i c  sphere  
toge the r  with the d i s t r ibu t ion  of the heat  flux ove r  the su r face  a r i s i n g  f rom an ex te rna l  point source  of heat .  
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The method of solving boundary-value problems in thermal conduction and convective heat t ransfer  re -  
duces the number of dimensions by unity and allows one to solve complex problems for linear and nonlinear 
boundary conditions. 

Dep. No. 1019-79. 
(Received December 9, 1977; abstract  February 6, 1979.) 

1006 


