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The  r e s u l t s  of an e x p e r i m e n t a l  inves t iga t ion  of the heat  and m a s s  t r a n s f e r  dur ing e v a p o r a -  
t ion  of w a t e r  a r e  p r e s e n t e d  and it is  shown that  within the r ange  of Gu f rom 0.22 to 0.76 
the r a t e  of the t r a n s f e r  p r o c e s s e s  i n c r e a s e s  with i n c r e a s i n g  Gu. 

Seve ra l  e a r l i e r  s tudies  have been  c o n c e r n e d  with the heat  and m a s s  t r a n s f e r  dur ing  adiabat ic  e v a p -  
o ra t ion  [1, 2, 3, 4, 6], m a i n l y  in connec t ion  with the d ry ing  p r o c e s s  where  g a s e s  at m o d e r a t e  t e m p e r a t u r e s  
not above 300~ a r e  used .  The  p r e s e n t  s tudy is c o n c e r n e d  with adiabat ic  evapo ra t i on  within the t e m p e r a -  
t u r e  r ange  200-1000~ Higher  gas  t e m p e r a t u r e s  r e su l t  in high evapora t i on  r a t e s ,  which m a k e s  it poss ib l e  
to  take  in to  account  the effect  of evapora t ion  on the heat  and m a s s  t r a n s f e r  over  a wide r ange  of va r i a t ion  
in the t h e r m o p h y s i e a l  p a r a m e t e r s .  

Fig. i. Schemat i c  d i a g r a m  of the t e s t  a p -  
p a r a t u s .  

TABLE 1 

The test apparatus (Fig. i) for this study was made 
up of a furnace 1 surrounded by a jacket 2 and sur- 

mounted by a contact column 3. 

Natural gas was used as fuel of the burner (4), and 
the flue gases were partially cooled while passing through 
the column 3 filled with a stack of Raschig rings 500 
mm high. The rings were 25 x 25 x 3ram in size~ Wa- 

ter coming through holes in collector 5 drenched the ring 
stack from above and ran off the column into the water 
j ac ket 2. 

The basic parameters were varied within the limits 

shown in Table i. 

The tests were performed with gases entering the 
contact zone at temperatures within the range 150-I000r 
In order to vary the temperature over still wider limits, 
regulating orifices 6 for passing atmospheric air to the 
gases were provided. 

The test data in [ i] concerning the humidification 
of gases at moderate temperatures were correlated in 

terms of the Gukhman number Gu = (Ts-Trn)/T s or the 
ratio Ts/T m. Subsequent analysis has justified this ap- 
proach, since the two parameters are linearly related 

�9 Ring stack Temperature of Initial humid- Reynolds hum, Veloclty of Temperatur~ 
gases before as ~: o ,drenching ity of the ' Iber for the g es m/secof water~ C~ ~/ z . 
column, ~ /gases kg/m 3 igases I I | rate,  m'/m .n_ 

165--1010 I 0,04--0,17 I 120--590 I 0,31--l,35 I 47--83 I 20 
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Fig .2 .  B = Nu,ReG~ -~ and B 1 = NuTR~~ -0"33 
as a function of the Gu number :  1) our test  data; 2) 
[4]; 3) Cxu = 0.22; 4) 0�9 5) 0�9 6) 0.76; 7, 8, 9) 
f rom [4]. 

within the range of modera te  t empera tu res  (T s = 30-170~ and it is co r r ec t  to use either of them in this 
case �9  At elevated t empera tu re s ,  however,  the relat ion between Gu and Ts/rs m deviates increas ingly  f rom 
l ineari ty and even f rom a power law (i.e.,  both in ordinary and in logari thmic coordinates it is not l inear),  
Fo r  this reason ,  within the range of high gas t empera tu res  only one of these pa rame te r s  may be used.  In 
our case  it was preferable  to evaluate the test  data in t e rms  of Gu. Indeed, if according to [1, 3] 

{ Ts 1 '.~ 
NU--= ~ r n  ] ' 

then the heat and mass  t r ans fe r  wiLt be 3.5-4.0 t imes g rea te r  at T s : 900-1100~C than at moderate  t e m p e r a -  
t u r e s .  This is because the increase  of T s / T  m with increas ing T s is a lmost  l inear ,  since T m increases  
very  l i t t le.  

The dependence of NuRe~~176 s on Gu according to our data, and the analogous relat ion for NuRe~ ~ 
�9 Pr  -~ obtained f rom an analysis  of the data in [4] relating to gas humidification at t = 110-370~C are shown 
in F ig .2 .  This re lat ion fits the equation: 

Nu = 0.1 I25 Re~176176 v. (1) 

The data in [4] yield the following qualitative relation~ Nu - C Gu ~ 

Correspondingly,  for mass  t r ans fe r :  

NUD = 0.054 Re G pr~33Gu ~ (2) 

The tes ts  were pe r fo rmed  according to the following procedure .  Hot water at the required t e m p e r a -  
ture was used to drench the ring stack.  The tempera ture  of the gases  entering the columnwas then regulated 
through the or i f ices  6 until the t empera tu re  of the water entering and leaving the column had beeome the 
same.  This condition ensured pure evaporation of the water in the column. 

Sampling probes  7 were installed for checking the water  t empera ture  along the height of the column 
and the water  t rapped for this purpose ran  into the the rmomete r  wells through a spider spout 8. 

In order  to reduce the heat dissipation and to ensure adiabaticity of the p rocess ,  the column jacket 
was made up of a double layer  (10, 11). Par t  of the water f rom the supply col lector  was tapped off for 
drenching the outside surface of the ilmer jacket 10, covering it with a thin film and thus providing in addi- 
tion a water  jacket .  Fu r the rmore ,  in order  to prevent  any contact between hot gases  and the wall and to 
lower its t empera tu re ,  Rome of the drench water was in a s imi la r  manner  spread over the inside surface 
of the working column 10. All this reduced to a minimum the heat losses  into the surrounding a tmosphere .  
According to samples taken, the water t empera ture  did not drop by more  than 0.05~ while the water was 
pass ing through the column (in still  a ir) .  
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Fig.  3. Compar ison of tes t  da ta  on heat t r an s f e r :  1) our tes t  data; 2) [5]; 3) [0]. 

F ig .4 .  Compar ison of hea t -  and m a s s - t r a n s f e r  numbers ,  based on the resu l t s  of this 
study: 1) Nu; 2) NUD. 

An analysis  of the tes t  data on heat and mass t r an s f e r  has shown that the ra t e s  of both p ro ce s se s  de-  
pend not only on Re G but also on the gas t em p e ra tu r e .  

Notwithstanding the high gas t e m p e r a t u r e s ,  the reIa t ion establ ished here  does not re f lec t  any influence 
of radia t ion on the ra te  of heat and mass  t r a n s f e r .  This  is explained in that the effect ive thickness of the 
radiat ing l aye r  in the column with Raschig rings was ve ry  smal l  and the effect  of radiat ion was insignifi-  
cant .  

The tes t  r e su l t s  axe compared  in F ig .3  with e a r l i e r  data shown in [5, 6]. The data in [5] r e f e r  to the 
cooling of d ry  a i r  without attendant mass  t r ans fe r ,  the data in [6] r e f e r  to the humidification of gases  at a 
modera te  t empera tu re  (t = 80~ As the ra te  of m a s s - t r a n s f e r  i nc reases ,  according to the graph,  so does 
the ra te  of heat t r a n s f e r .  

In Fig.  4 we show the dependences of the averaged  values of Nu and Nu D ffor Gu = 0.45) on Re G ob- 
tained in this study. Although the re  is no analogy between the two numbers ,  the i r  values a re  r a the r  c lose .  
This  can be explained in that ,  quali tat ively,  they both a re  a lmost  equally dependent on the Gu number .  
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Gu = ( T s - T r n ) / T  s 
T s 
T m 
6 
Nu : C~de/X G 
Nu D - r  
ReG= wde/~, 
P r  = v/a 
P r  D = VG/D 

NOTATION 

is the the rmal  diffusivity,  deg /m .h; 
is the kinematic diffusivity,  m~/h; 
is the equivalent d iameter ,  m; 
is the gas velocity,  m / s e c ;  
a re  the coeff icients  of heat and mass  t r an s f e r ,  respec t ive ly ,  kca l /m2.deg  .h,  kg /m2.A.h ;  
is the the rmal  conductivity,  kca l /m  �9 deg; 
is the viscosi ty ,  m2/h; 
is the Gukhman number;  
is the t empera tu re  of the hot gas s t r eam;  
ts the t empe ra tu r e  of the moist  sur face ;  
is the dynamic diffusivity,  kg/m;  
is the h e a t - t r a n s f e r  number ;  
is the m a s s - t r a n s f e r  number;  
is the Reynolds number;  
is the Prandt l  number  for  heat t r ans f e r ;  
~s the Prandt l  number  for  mass  t r a n s f e r .  

1o 
2. 
3. 
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