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Derived are  empir ical  formulas  for calculating the dimensions of the heat and mass  t r ans fe r  
zone in a sodium ni t rate  melt  at a 623~ tempera ture .  

The interact ion between a gas jet and a liquid ("needle" jet) [1, 2] is effective when used for thoroughly 
dehydrating not highly active liquid residues in special water purification vats in a tomic- -e lec t r ic  power 
plants or wastes f rom radiochemical  labora tor ies ,  where sodium ni t rate  constitutes 80-90% of the total 
salt  content. Dehydration is effected by injecting an air  jet ~4th a mis t  of solutions or  suspensions into the 
superheated melt  of the residue.  

This method can also be used for cooling h igh- tempera ture  liquid media through a di rect  contact 
with water,  by injecting into them an a i r -wa te r  mixture [3] or  for prevapor iz ing salt  solutions into high 
concentrates ,  in o rder  to obtain a fluidized granular  product [4]. 

When an air  jet is injected into a liquid (salt solution or another h igh- tempera ture  heat ca r r i e r ) ,  the 
lat ter  is brought into the jet and broken down into d r o p l e t s  [1]. 

When a two-phase  jet (a i r -solut ion,  a i r -suspension,  or a i r -water)  is discharging into the liquid, it 
still contains droplets  of the sprayed phase.  Between hot droplets of the impelled phase on the one side 
and cold droplets  of the sprayed phase on the other side there  wilI occur  cer ta in  heat and mass  t r ans f e r  
p rocesses  (heatup, evaporation, mel t ing ,  and superheating the melt).  For this reason,  the jet becomes 
highly anisothermal  and constitutes a zone of intensive heat and mass  t r ans fe r  [5-7]. 

To caIculate the kinetics of heat and mass  t r ans fe r  p rocesses  in a jet is a difficult problem. The 
dimensions of the heat and mass  t r ans fe r  zone, which determine the neces sa ry  size of the technical equip- 
ment,  can be defined on the basis of its t empera tu re  field boundaries.  Thus, the t empera tu re  at the 
boundaries of this zone is equal to the t empera tu re  of the melt  mass  in the case of a dehydration setup or 
equal to its t empera tu re  at the exit sect ion of the heat exchanger in the ease of cooling a h igh- tempera ture  
heat c a r r i e r .  

Published data from which one could calculate the dimensions of the heat and mass  t r ans fe r  zone in 
dehydrators  of liquid radioact ive wastes with a high content of sodium ni t rate  or other salts pertain mainly 
to fluidization sys tems  [18, 9]. In o rder  to obtain data for calculating the dehydration in a melt ,  therefore ,  
experiments  were  pe r fo rmed  for determining the dimensions of the heat and mass  t r ans fe r  zone dul"ing 
injection of an a i r -wa te r  jet into molten sodium ni t rate  at a 623~ tempera tu re  -- experiments  which 
fair ly accura te ly  simulated the actual p rocess .  

The test  apparatus shown in Fig. 1 consisted of a ver t ical  column 210 mm in d iameter  and 1400 mm 
high. The lower part ,  350 mm high, was the melt ing pot. Five e lectr ic  heaters  in tubular sheaths 60 mm 
in d iameter  were spaced around a c i rc le  145 mm in d iameter  inside the melting pot. 

tn the stuffing box at the bottom of the melt ing pot was mounted a pneumatic in ternal -d isplacement  
sp raye r  in a ver t ical  upward position, with the nozzle flush against the bottom of the melting pot at the 
center .  The upper par t  of the column was the separa to r  chamber  for extracting droplets of melt from the 
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Fig. 1. Test apparatus:  1) 
sp rayer ,  2) heater  sheath, 3) 
heater ,  4) melting pot, 5) well 
of the movable thermocouple,  
6) separa tor  chamber,  7) heater ,  
8) device for moving the the r -  
mocouple and fixing it in posi-  
tion, 9) thermocouple ,  a )out le t  
for vapor -a i r  mixture,  b) water  
inlet, c) air  inlet. 

vapo r - a i r  s t r eam.  In order  to prevent crysta l l izat ion of the salt  or  formation of a slag, the walls of the 
separa tor  chamber  were heated e lect r ical ly .  

The tempera ture  of the molten salt  was measured  with two Chromel--Alumel thermocouples installed 
in the pot, the readings recorded  through automatic potent iometer  ins t ruments .  The fixed thermocouple 
was placed inside a tubular well and soldered to the wall of the melt ing pot 180 m m  above the bottom. The 
end of the thermocouple well c leared the wall by 15 ram. T h e  movable thermocouple was also installed 
inside a well. Its hot junction could be moved to and fixed at any posit ion inside the melting pot relat ive 
to the spray nozzle.  

The tes ts  were per formed in the following sequence. As air  was supplied to the sp rayer ,  a cer tain 
amount of sodium nitrate was entered into the apparatus and the e lec t r ic  heaters  were turned on. After 
the salt  had been melted and heated up to 623~ a measured  quantity of water  was added to the sp rayer .  
The tempera tu re  of the molten salt  (indicated by the fixed thermocouple) was held at the required level by 
regulating the electr ic  heater  power through model RNO-250-10 voltage regula tors .  Thc flow rates  of 
water and air  were measured  with model RS glass ro tamete r s ,  and the p r e s s u r e  of a ir  before entering the 
sp raye r  was measured  with a s tandard manometer  on the 0-24,500 N/m 2 scale .  After a constant t empera -  
ture  had been established in the melt ,  the t empera tu re  in the pot was measured  with the movable the rmo-  
couple along the jet axis coinciding with the sp raye r  axis and also ac ross  t r ansve r se  jet sect ions.  A total 
of 200 tes ts  was per formed using sp raye r s  with d ischarge  orif ices 1.5, 2.1, 2.55, 3.0, and 3.55 mm in di-  
ameter ,  at a flow ra te  of the a i r -wa te r  mixture ranging within 6-20 kg/h  and the water concentration 
ranging f rom 0.56 to 0.91 kg/kg.  

The tes ts  indicated a t empera tu re  variat ion along the jet axis away from the spray nozzle (Fig. 2a) 
f rom that of the entering mixture to that of the sodium ni t ra te  melt ,  and ac ross  t r ansve r se  sections at 
various horizontal  levels (Fig. 2b) f rom that at the jet axis to that of the sodium ni t rate  melt .  A uniform 
tempera tu re  in the remaining mass  of melt  was attained by thorough mixing. According to Fig. 2, the 
t empera tu re  variat ion along the jet axis was smooth, while ac ross  a t r ansve r se  section it was i r r egu la r  
(first sudden, then smoothi.  
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Fig .  2. T r e n d  of  t he  t e m p e r a t u r e  v a r i a t i o n :  (a) a long  

the  s p r a y e r  ax i s  (Gmix = 13.4 k g / h ,  G W / G m i x  = 0.63, 
d = 3 m m ) ,  (b) a c r o s s  the  r e a c t i o n  zone (Gmix = 12.7 
k g / h ,  G w / G m i  x = 0.66, d = 3 m m ) ,  d i s t a n c e  f r o m  the  
n o z z l e  ax i s  5 m m  (1), 10 m m  (2), 25 m m  (3), 45 m m  
(4), 60 m m  (5), 75 m m  (6), 90 m m  (7). T e m p e r a t u r e  
T (~ d i s t a n c e  f r o m  the  n o z z l e  L (in), d i s t a n c e  f r o m  
the  s p r a y e r  ax i s  D (in). 

On the  b a s i s  of  the  t e m p e r a t u r e  t r e n d  in  t he  j e t ,  one could  conc lude  tha t  t he  d i s p e r s e  p h a s e  h e a t e d  
up and e v a p o r a t e d ,  w h e r e u p o n  the  new p h a s e  b e c a m e  s u p e r h e a t e d .  

As  the  l eng th  of  the  hea t  and m a s s  t r a n s f e r  zone we def ined  the  d i s t a n c e  a long  the  s p r a y e r  ax i s  f r o m  
the  n o z z l e  to  the  po in t  wi th  a t e m p e r a t u r e  10% be low the  t e m p e r a t u r e  of  t he  bulk  of the  m e l t .  The t e m p e r -  
a t t i r e  p r o f i l e  a c r o s s  a t r a n s v e r s e  s e c t i o n  of the  j e t  was  s y m m e t r i c a l  wi th  r e s p e c t  to  t he  j e t  a x i s .  As  the  
width of  t he  h e a t  and  m a s s  t r a n s f e r  zone,  t h e r e f o r e ,  we de f ined  doub le  t he  d i s t a n c e  f r o m  the  j e t  ax i s  to  t he  
po in t  wi th  a t e m p e r a t u r e  10% be low the  t e m p e r a t u r e  of  the  bulk  of t he  m e l t .  

A c c o r d i n g  to  Fig .  2b, t he  width of the  zone f i r s t  i n c r e a s e s  with t he  d i s t a n c e  f r o m  the  n o z z l e  and then  
d e c r e a s e s  aga in ,  i . e . ,  t he  h e a t  and m a s s  t r a n s f e r  zone i s  one with c l o s e d  b o u n d a r i e s .  

The  d i m e n s i o n s  of t he  h e a t  and m a s s  t r a n s f e r  zone in  d e v i c e s  with "need le"  j e t s  depend  on the  p r o -  
c e s s  r a t e s  in  i t .  T h e s e ,  in  t u r n ,  depend  on the  d e g r e e  e to  which  the  j e t  ga s  and the  l iqu id  f r o m  which i t  

d i s c h a r g e s  have  i n t e r m i x e d  [1, 10]. 

P a r a m e t e r  e, which  c h a r a c t e r i z e s  t he  m u t u a l  p e n e t r a t i o n  of both  p h a s e s ,  the  i n c r e a s e  in  t he  i n t e r -  
p h a s e  b o u n d a r y  s u r f a c e ,  and the  g a s - l i q u i d  i n t e r a c t i o n  e n e r g y ,  i s  u s u a l l y  de f ined  in  t e r m s  of a j e t  c o m -  
p o s i t i o n  o r  a j e t  n o n u n i f o r m i t y  r a t i o  [1]. F o r  i n s t a n c e ,  the  i n t e r m i x t u r e  r a t i o  of a co ld  j e t  ga s  and a l i q -  
u id  can  be  de f ined  as  t he  r a t i o  of t he  t e m p e r a t u r e  d i f f e r e n c e  be tw e e n  any po in t  on the  j e t  ax i s  and  the  a m -  
b i en t  l iqu id  to t he  t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  the  n o z z l e  t h r o a t  and the  a m b i e n t  l iqu id ,  i f  i t  i s  a s s u m e d  
- -  to  t he  f i r s t  ~ p p r o x i m a t i o n  - -  tha t  the  velocit3r p r o f i l e  and the  t e m p e r a t u r e  p r o f i l e  in the  j e t  a r e  s i m i l a r .  
The  c o r r e c t n e s s  of t h i s  a s s u m p t i o n  h a s  been  v e r i f i e d  e x p e r i m e n t a l l y  [11] fo r  j e t  with a u n i f o r m  d e n s i t y .  

The  i n t e r m i x t u r e  of  j e t  a i r  with m o l t e n  s o d i u m  n i t r a t e  can  then ,  on the  b a s i s  of  t h i s  a s s u m p t i o n  and 
the  r e s u l t s  in [10], b e  d e s c r i b e d  by  the  fo l lowing  e x p r e s s i o n  

e ...... tr--tm~el~- :=f(X/d; Ar). (1) 
ta--t.melt 

A p p l i e d  to the  p a r t i c u l a r  c a s e  on hand,  the  i n t e r m i x t u r e  r a t i o  el of the  a i r - w a t e r  j e t  with the  s o d i u m  
n i t r a t e  m e l t  m u s t  depend  s t r o n g l y  on the  w a t e r  c o n c e n t r a t i o n  in the  m i x t u r e  d i s c h a r g i n g  from_ the  n o z z l e ,  
i n a s m u c h  as  the  m a i n  p o r t i o n  of the  d i s s i p a t e d  hea t  d e t e r m i n i n g  the  t e m p e r a t u r e  change  in the  hea t  and 
m a s s  t r a n s f e r  zone i s  u s e d  up on v a p o r i z i n g  the  m o i s t u r e  and s u p e r h e a t i n g  the  v a p o r .  T h e r e f o r e ,  r e l a t i o n  
(1) b e c o m e s  

fx--fmel ~ e 1 . . . . . . . . . . . .  [dX/d; Ar; O wiGmix) .  (2) 
ta--tmelt 
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The Arch imedes  number  in this express ion  includes the veloci ty  wj and the density pj of the a i r - v a p o r  
jet  at the nozzle  exit .  

The absolute value of p a r a m e t e r  sl,  according to this definition, va r i e s  f rom 0 to 1. At the boundary 
of the t empera tu re -de f ined  heat  and m a s s  t r a n s f e r  zone the value of e 1 is nea r  zero.  For the boundary of 
this zone, then, Eq. (1) becomes  

fl(X/d; Ar; G w/Gmix) ~ O. (3) 

With condition (3) sa t is f ied,  the d imens ionless  dis tance X/d f rom the nozzle,  m e a s u r e d  in nozzle  
d i ame te r s ,  r e p r e s e n t s  the length of the heat  and m a s s  t r a n s f e r  zone, i . e . ,  

XId = f~(Ar; G w/Gmix). (4) 

In the ma themat i ca l  evaluation of the t e s t  data we sea rched  for  a power - l aw  fo rm of function (4). 
With the aid of a "Nai r i "  computer ,  the method of l eas t  squa res  has ,  indeed, yielded equations for  the 
length (L z) and the m ax i m um  width (D z) of the heat  and m a s s  t r a n s f e r  zone during evaporat ion of an a i r -  
water  je t  in a sodium n i t ra te  me l t  at a 623~ t e m p e r a t u r e :  

Lz/d = 11.5 Ar~ W/Gmix) L7' (5) 

Dz/d ~ 5.15 Ar~ )l.l. (6) 

These  equations indicate  that  the d imensions  of the hea t  and m a s s  t r a n s f e r  zone depend s t rongly  on 
the wa te r  concentra t ion in the d ischarging jet  and depend l e s s  on the Arch imedes  number .  The power  ex-  
;)onent is  h igher  in the express ion  for  t h e  zone length than in the express ion  for  the zone width. This  is  
.,rt)bably because  of the s m a l l e r  radia l  than axial veloci ty  component  at  any jet  sec t ion  [1 !] and because  of 
the l a r g e r  dis tances  which the droplets  in the jet  have t ime  to t r a v e r s e  before  the i r  t e m p e r a t u r e  becomes  
equal to the t e m p e r a t u r e  of the sur roundiag  mel t .  

Equations (5) and (6) approx imate  our t e s t  data  within e=18%. The cor re la t ion  factor ,  which c h a r a c -  
t e r i z e s  the degree  of l inear i ty  between the logar i thms  of the zone dimensions  and the logar i thms  of the 
A: ,~himedes number  and of the GW/Gmi x s implex ,  i s  equal h e r e  to 0.8 and 0.75 re spec t ive ly .  Equations 
5) a n d  (6) a r e  valid within the ranges  Ar  = 20-100 and GW/Gmi x = 0.56-0.91. 

The de r ived  equations may  be useful  in the design of  heat  and  m a s s  t r a n s f e r  appara tus  with a "needle" 
je t  for  comple te  dehydrat ion of rad ioac t ive  vat  r es idues  with a high content  of sodium n i t ra te  or  other  sa l t  
solutions,  consider ing that these  equations a r e  based  on expe r imen t s  which adequately well s imula ted  such 
p r o c e s s e s .  

s s 

tx, ta ,  tmel t  

X 
d 

Ar  = pA/PmeltW2/gd 
W 

PA, Pmelt ,  PW 

Gmi x = G w + G A 
GW 
GA 
wj = w(1 --  GW/Gmi x) 
Pmix = (Gmix) / (Gw/Pw + GA/PA.) 
Lz 
Dz 

NOTATION 

are the intermixture ratio of sodium nitrate melt with an air or an air- 
water  je t  respec t ive ly ;  
a r e  the t e m p e r a t u r e  at any point along the jet  axis ,  at the s p r a y e r  
nozz le  e ~ t ,  and of the surrounding mel t  respec t ive ly ;  
is  the d is tance  of a point  f rom the nozzle,  along the  je t  axis;  
i s  the d i a me te r  of  the d i scharge  o r i f i ce  of  the nozzle;  
i s  the Arch imedes  number  for  an a i r  je t  d ischarging into a mel t ;  
is the veloci ty  of adiabatic  flow of an a i r  jet; 
a r e  the density of a i r  je t  at the nozzle  th roa t  a f ter  adiabat ic  d i scha rge ,  
of mol ten  sodium ni t ra te ,  and of water  respec t ive ly ;  
is  the weight flow r a t e  of a i r - w a t e r  mix ture ;  
is the weight flow rate of water; 
is the weight flow rate of air; 
is  the veloci ty  of a i r - w a t e r  jet  d i scharge ;  
i s  the density of a i r - w a t e r  mix ture ;  
is the length of heat  and m a s s  t r a n s f e r  zone; 
is  the m a x i m u m  width of heat  and m a s s  t r a n s f e r  zone. 

I. 
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