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An approx imate  d imens ionless  equation for the heat t r an s f e r  coefficient  in the boiling of so-  
lutions is obtained. 

The heat  t r an s f e r  coefficient  in the boiling of solutions is usual ly de te rmined  at p r e sen t  f r o m  the ve ry  
s imple  empi r i ca l  fo rmula  

% = Aq'~p ". (1) 

In (1) A, n, and m a r e  found exper imenta l ly  for  each solution, which is ex t r eme ly  labor ious .  

Some inves t iga tors  [1] p ropose  d imens ion less  equations which have the s ame  s t ruc tu re  as the c o r r e -  
sponding re la t ionships  for unary  l iquids.  It is imposs ib le  to use  such equations in p rac t ice ,  however,  owing 
to the absence  of the rmophys ica l  c h a r a c t e r i s t i c s  in the l i t e r a tu re .  These  difficulties a r e  a lmos t  comple te ly  
r emoved  by using the theory  of cor responding  s ta tes .  This  theory  was used by Lukomskii ,  Bor ishanski i ,  
Novikov, and Rycb&ov to de te rmine  the heat  t r a n s f e r  ra te  [3]. 

The mos t  effect ive method of applying the theory  of cor responding  s ta tes  to boiling has been developed 
by Bor ishanski i  [4-7]. 

This method is based  on the combined use  of the sy s t em of in tegrodif ferent ia l  equations represen t ing  
boiling heat t r a n s f e r  and the law of cor responding  s ta tes  for  the physical  c h a r a c t e r i s t i c s  of the liquid. For  
nucleate  pool boiling [6] 

cr 1 -}- 4.65 q21a, (2) 
a = 1 9 0  Ts/c~ M,/6 \ ~cr  / \-~cr / J 

where  T c r  is the c r i t i ca l  t empe ra tu r e ,  ~ M is the molecu la r  m a s s ;  Pcr  is  the c r i t i ca l  p r e s s u r e ,  N/era 2. 

In [4-7] the use  of the physica l  constants  of the medium was avoided. It is  impor tant  to note that f o r -  
mula (2) is m o r e  accura te  than the d imensionless  equations obtained by the usual  method.  Unfortunately,  
this  success fu l  method cannot be applied to boiling aqueous solutions of mine ra l  sal ts ,  s ince even the mini -  
mum information for  them, such as Pcr  and Tcr ,  has not been published.  

A p r e l i m i n a r y  analys is  [15] of NaC1, LiC1, and LiBr  solutions on the bas i s  of the data of [8, 9] showed 
that the p r o p e r t i e s  of aqueous solutions of mine ra l  sa l ts  and the solvent (water) va ry  a lmos t  s i m i l a r l y  with 
t empera tu re ,  to within 10% of the ave rage .  Hence, the physica l  constants  a r e  propor t ional ,  and so a r e  the 
values  of a for  the solution and solvent 

where  N is a convers ion  fac tor  [10]. In addition, 
liquid can be used to de te rmine  a s.  

the dimensionless equation for boiling of a one-component 

Alterat ion of the concentrat ions of solutions produces  subs tances  withnew p h y s i c a l p a r a m e t e r s .  Hence, 
the convers ion  f ac to r s  N a r e  a function of the concentra t ion and p r o p e r t i e s  of the d issolved component.  The 
la t te r  can be exp re s sed  by the molecu la r  cha rac t e r i s t i c  l s 
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N = f (k  v, 1~). 

For  the introduction of (4) into the dimensionless  equation we put this expression in relat ive power form 

N = c ( kv + ksat ~ 

o r  

(4) 

N = C~JaL b. (5) 

In view of the lack of published data for the majority of physical constants of solutions we propose to use as 
a characteristic dimension I s - the diameter of a sphere with volume equal to the nominal volume of the 
molecule. Its volume depends on the density of packing of the molecule [14]. The properties of a substance 
depend on the molecular  s t ruc ture .  The s t ruc ture  depends mainly on the number of atoms n in the mole-  
cule, the number  of electron shells ZC, the sum of nuclear  charges  EE,  and the number  of electrons in the 
outer electron shell ZE. The p rocedure  for calculation of these charac te r i s t i cs  is given in [14]. 

For  a one-component  substance 

3 ZinC ) (Y,E) 
l = V  M ( y ~  " (6) 

The value of I s for a solution depends on the concentration and is found from [15]. 

The equation recommended in [11] for boiling water is 

* , n ~  n e Nuw= C1 (Re)w Prw. (7) 

In view of the approximate s imi lar i ty  of the proper t ies  of water  and a solution, the general ized var i -  
ables of water  can be expressed in t e rms  of the solution c r i t e r i a  using equations ol type (3). Equation (7) 
can be conver ted to the form 

Nu s = C2 fret *)w ~' Prw"2 l~-~ L ' .  (8) 

The Nussel t  number  in (8) includes the thermal  conductivity X s. There  a re  published values of this quan- 
tity at t = 20~ for most  solutions. For  a charac te r i s t ic  tempera ture  other than 20~ the Riedel method 
[2] can be used 

~s  = ~t=20 f- 
Values of f a re  given in [2]. The thermal  conductivity is the only constant of the solution in Eq. (8). 

Trea tment  of the experimental  data of [12] for boiling CaC12 solutions leads to the following par t icular  
form of the dimensionless  equation: 

Nu s = 2520 RewPr~ 333 ~-6/~ L-6. (9) 

Express ion (9) is valid for pool boiling of aqueous solutions of minera l  salts if: 

Re~=1 .6 -3 .1 ;  L=0.956--1 .06;  

Prw=1.5--1.7; 13=1.03--1.825; p =  1.013 bar. 

In the calculation of the dimensionless  quantities and ksa t the  tempera ture  of the heating surface is used as a 
charac te r i s t i c  t empera tu re  (provided that the boiling liquid is water) 

tw = tw + At, (10) 

where 

At== q q 
a 3.14q 

The accuracy  of (9) was checked f rom the experimental  data of [13] with the individual proper t ies  of 
the apparatus for KNO 3 solutions 03 = 10, 20, 40%) and NaC1 solutions 03 = 10, 15, 20%) taken into account, 
and also f rom my experimental  data for boiling MgSO 4 03 = 10, 15, 20%), KBr 03 = 10, 20, 29.3, 37%), and 
KC1 (]3 = 10, 16, 20%) solutions. 
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The maximum deviation of the calculated values of ~s f rom the exper imental  values was ~25~. 

q 

P 
NUs, * , Nu w, Nu s 

- % / w / X w ,  
Nu - * 

/w, ls  

P r  
C, C l, e tc .  
Re , 
kv 
ksat  

L 

L = / s / / w ;  

= % / * / x  s, Nu s = % / s / X s  

NOTATION 

are the heat transfer coefficient for water and solution, 
W/m 2. deg; 

is the heat flux density, W/m2; 
is the p r e s s u r e  of boiling liquid; 
a re  the Nusselt  number  for  boiling water  and solution; 
a r e  express ions  for  these th ree  numbers  in t e rm s  of ini-  

t ial  var iables;  
a r e  cha rac te r i s t i c  dimension for  water  and solution ac-  

cording to Labuntsov [11]; 
a r e  proposed charac te r i s t i c  dimension for  water  and so- 

lution f rom [15]; 
is the Prandtl  number; 
a r e  constant coefficients;  
is the  Reynolds number  f rom [11]; 
is  the var iable  concentrat ion,  g salt/100 g of water; 
is the concentrat ion of sa tura ted  solution corresponding 

to charac te r i s t i c  tempera ture ;  
is the var iable  re la t ive  concentrat ion,  fi = {1% + ksat) 

/ksat; 
is the re la t ive  charac te r i s t i c  dimension; 

is the water  saturat ion tempera ture ,  ~ 
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