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Equations for  Calculating the eff iciency losses  in a po lyd isperse  gas  suspens ion  which a re  due to 
chemica l  r eac t ions ,  diffusion, t h e r m a l  and mechanica l  in terac t ions  between phases ,  etc. ,  a r e  
obtained by the methods of nonequil ibr ium t h e r m o d y n a m i c s .  

Gas suspens ions  a r e  used as hea t -  and m a s s - t r a n s f e r  agents in complex p r o c e s s e s  of power technology, 
in the t h e r m a l  t r e a t m e n t  of meta ls  and d i s pe r s e  m a t e r i a l s ,  e tc .  [1-4]. The necess i ty  t he re fo re  a r i s e s  for the 
"thermodynamic evaluat ion of the eff icency of such p r o c e s s e s .  This  can follow the course  of finding the c o r r e -  
sponding eff iciency losses  [5]. 

Let us consider  a gas suspens ion  consis t ing of n gas components  and solid pa r t i c l e s .  Among the gas 
components  the re  a re  r poss ible  chemica l  r eac t ions .  

Let us de t e rmine  the eff iciency losses  in such a gas  suspension.  

The eff iciency losses  in any s y s t e m  can be calculated by the equation [5] 

hE = T O AS. (1) 

The ent ropy r i s e  AS in a s y s t e m  with a volume V in a t ime  ~, is de te rmined  by the equation [6] 
T 

0 V 

T h e r e f o r e ,  (1) t akes  the f o r m  
AE = T~ S d~c ~ ~dV. (2) 

0 V 

Consequently,  it is n e c e s s a r y  to  calculate  ~ for  a gas suspens ion  with al lowance for  the fact that  be -  
cause  of the in te rac t ion  of the phases  the entropy inc reases  to  a g r e a t e r  extent in it than in a pure  gas .  

Let us make s e v e r a l  a s sumpt ions .  The re  a r e  no chemica l  reac t ions  or mass  exchange between the gas 
and the pa r t i c l e s ,  the par t i c les  have the s ame  s i zes ,  and coll isions between par t i c les  a r e  not t aken  into account.  
We consider  the model of continuous in terac t ing  media  of [7] to  be val id .  

The Gibbs equations for  each of the phases  a r e  [8] 

dSg dug dwg _ ~ ,  dvc~ 
rg d'~ = dx +Pg de ~ ~tcg d'c ' (3) 

k = l  

dSp_= du.p_ (4) 
Tp de de " 

We find the va r i a t ion  in in te r r~ l  energy for each of the phases  f r o m  the equations [9] 
n 

Pg dz = - - V ,  ig - -~g  :VVg+ . ~  lcg.Fcg+~Jg(ea--es)g--q-l-Xgf(Vg--Vp)+NTt, (5) 
k = l  

PP dup = __ V, lup + q + [gp (ep-- es) p + X pf (Vg - -  Vp), (6) 
de 
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where ]cg = Pcg(Vcg-- Vg); ~ = ~ppgU q- Hg; q = ~ (hg--hn)r 
Cg 

In writing (6) it is kept in mind that ;~p = 0 for a gas suspension [7]. 

Substituting Eq. (3) into Eq. (5) and (4) into (6), we p e r fo rm  the usual t ransformat ions  [6] and then 
add the resu l t s .  We finally obtain express ions  for the entropy product ion in a monodisperse  gas suspen-  
sion: 

1 1 1 leg Tg V Tg o = % + % = - r ~  Lg'Vrg rp lupVTp rg k=, 

' ' , 2  

+ ~-p fjp(ea-es) p+q Tp Tg +--~g 

Here lug = Iqg = --f lghgATg; Iup = Iqp = - - r  

1 AgiLg, q- ~ ~g(ea--es)g+ 

l Zf(Vg--Vp) + Xgf (Vg-- Vp)�9 + ~ p  N~ (7) 
rg 

The f i rs t  and second t e r m s  on the right side of Eq. (7) a re  due to heat t r ans fe r  in the respec t ive  
phases ,  the third t e r m  is connected with the diffusion of the gas components,  the fourth is determined by 
the gradients  in the velocity field of the gas medium, the fifth is due to chemical  react ions  between the gas 
components,  the sixth and seventh t e r m s  a re  de termined by radiant heat exchange, the eighth is connected 
with interphase heat exchange, the ninth and tenth a re  due to the dissipat ion of the energy of macroscopic  
motion into the in ternal  energy of the respec t ive  phases owing to  viscous forces ,  and the last t e r m  is con- 
nected with the dissipat ion of the energy of f ine-sca le  pseudovort ical  motion into the internal  energy of the 
gas .  

When the re  is a d i sc re t e  size dis t r ibut ion of the par t ic les ,  the respec t ive  t e r m s  of Eq. (7) are  wri t ten  
for each class j of the set  of par t ic les  of a single s ize .  Th e re fo r e ,  the equation for the entropy produc-  
t ion  in a polydisperse  gas suspension is 

n l  m 

-- 2 l u g ' V T g -  -----r lupj 'VTp,*- 
i=~ Tg i=l TPt 

n 

1 ttcg - -  Fcg - -  VVg-- 
Tg k=l leg" TgV Tog --~--g/-/g: 

Tg" i=, AgiLg' + ~-g - - ~ ) g +  i=t ~ (ea--es)P/+ 

m m m 

+ v~l  qJ _ + Zgflj (vg - -  vp~) + ~pJ N nj 
= Tpj = ; = ,  J=, Vg ' (8) 

where  m is the number of c lasses  of par t ic les  of a single s ize .  

Of course ,  the use of Eqs.  (2) and (8) for  the thermodynamic  analysis  of a concre te  p rocess  by the 
well-known methods of [5], such as by the entropy method, r equ i r e s  the incorporat ion of addi t ional  physi-  
cal considerat ions charac te r iz ing  this p roces s .  As an example,  let us find the eff iciency losses due to  
in terphase heat exchange during the compress ion  (expansion) of a monodisperse  gas suspension.  We 
assume that the re  a re  no chemical  reac t ions ,  the par t ic les  a re  of spher ica l  shape of radius R, and the 
t he r ma l  r e s i s t ance  of the par t ic les  is smal l .  It is neces sa ry  to deal  with such a problem in caiculatimts 
of gas- turb ine  installations in which a gas suspension is used as the working substance [2]. 

With the assumptions enumera ted  above, f rom (8) we obtain 

( 1  1 ) = a x o N  AT____2_ 2 
o=q Tp Tg TgTp ' 

where AT = Tg = Tp.  
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After substituting the latter equation into (2), we have 

AT"- dr. AE = T o a/,oNV TgTp (9) 
0 

Suppose the gas changes its tempera ture  instantaneously to a cer ta in  value T2g white the part icles 
change their  t empera ture  during a t ime r .  Then the quantity AT is determined by the dependence [10] 

AT ,hTa[exp( # )  

where AT 1 = T2g -- Tip is a constant quantity; T l p =  Tlg is the particle tempera ture ,  equal to the gas t em-  
perature  before the s tar t  of compress ion of the gas suspension; rp = p~ is the particle relaxation 
t ime ,  

We calculate the integral 

AT"- dr ~ . �9 dr 

-- T.---g T~g ] - -  2 \ T,g ] " 

Following [10], in the integration we assume that r -* ~, since v >> rp. The resul t  of the integration 
is expanded in a power-law se r i e s .  In doing this we are confined to the f i rs t  two t e rms  of the expansion. 

Finally, (9) takes the form 

AE= ToacoNV \ T~g ] ( zxT1 )~- "~p2 = To p k - ~ g M  { AT1 )2 _%. 
2 

If it is assumed in addition that T~g >> AT, then we obtain the resul t  of [10]. 

In conclusion, we note that the relations obtained here make it possible to perform calculations of 
complicated composite processes  for the purpose of finding their  optimum parameters .  

N O T A T I O N  

n, number of gas components; r ,  number of chemical react ions;  E, efficiency; r ,  t ime;  T, t em-  
perature;  To, ambient tempera ture ;  S, entropy; ~, entropy production per unit volume of mixture per 
unit t ime; V, volume; /~, bulk concentration; o, average density; p0, t rue  density; v, velocity; p, pres-  
sure;  u, internal  energy; w, specific volume; #, chemical potential; 7c,  relat ive concentration of gas 
component; Iu, internal energy flux; V, Hamiltonian operator; d/dr, substantial derivative operator; 
P, s t r ess  tensor;  U, unit matrix;  II ,viscous s t ress  tensor;  Icg, diffusion flux; ]gcg, external force; ea, 
absorbed radiation of medium; es, seE-radia t ion  of medium; q, interphase heat flux; ~, heat-exchange coeffi- 
cient; e, heat  capacity; co, par t ic le  surface;  hg, hu, enthalpy of gas mixture at a distance f rom a part icle sur -  
face and at it, respectively;  N, number of suspended par t ic les  per  unit volume; f, force connected with differ-  
ence in velocities between phases; X, coefficient showing the f ract ion of dissipated kinetic energy of the mix-  
ture which changes direct ly into the internal energy of a phase; 77, dissipative function due to f ine-scale  gas 
motion around inclusions; Agi, chemical  affinity of i- th chemical reaction; Iq, heat  flux; X, thermalconduct iv-  
ity coefficient; j, number of c lasses  of solid part icles of the same sizes;  R, particle radius;  M, mass .  
Indices : g, quantities pertaining to the gas; p, quantities pertaining to the par t ic les .  
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EFFECT OF THE INHOMOGENEITY OF THE GRANULAR 

CHARGE IN WATER-PURIFYING FILTERS ON THE 

INCREMENT IN THE HEAD LOSSES 

DURING COLMATATION 
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and M. E. A~rov 

UDC 532.546:621.187.121 

The r e su l t s  of some  expe r imen ta l  invest igat ions into the re la t ionship  between the inc rement  in 
the head losses  of the colmat iz ing g ranu la r  charge  of a wa te r -pur i fy ing  f i l ter  and its degree  of 
inhomogeneity a r e  p resen ted .  

Granu la r  f i l te rs  a r e  widely employed in p repar ing  water  for  indust r ia l  and drinking purposes ,  Regula-  
t ion of the s t ruc tu re  of the g ranu la r  bed (granulometr ic  composi t ion,  height, m i c r o g e o m e t r y  of the g ra ins ,  
etc.)  is one of the chief  ways of improving eff iciency.  Thus,  Mar tensen ' s  p roposa l  [1] to r ep l ace  quar tz  sand 
by crushed lightweight aggrega tes  of var ious  c l a s se s  having a high i n t e rg ranu la r  poros i ty  and a wel l-developed 
g ra in  su r face  inc reased  the product ivi ty of ord inary  f i l ter  const ruct ions  [2, 3] by a fac tor  of two or %hree t imes  
and led to  the development  of new and more  pe r fec t  s y s t e m s  [4]. In order  to make the bes t  poss ib le  use of the 
advantages  of the new f i l te r  m a t e r i a l s  it is e s sen t i a l  to  develop a re l iab le  method of calculat ing the i r  p r o p e r -  
t i e s ,  and, in pa r t i cu la r ,  a method of choosing the op t imum inhomogeneity of the bed with r e spec t  to g ra in  
s i ze .  

According to  Mints and Krishtul  [5, 6] the inc rement  in the head losses  of a si l t ing,  inhomogeneous charge 
0.5. -1 during~ the s epa ra t i on  of low-concent ra t ion  suspensions  is g iven by Ah = hcp~T c, where  T e = tdeq~ , deq = 

pidi . As r ega rds  charges  of quar tz  sand, it was found that  the s ize  inhomogeneity of the gra ins  could con-  

veniently be r ep re sen t ed  by a power function: 

= R -~, (1) 

where  R = d o 20d -1 is the inhomogeneity coeff icient .  The quantity d0_20 is obtained f r o m  a g ranu lomet r i c  ana ly-  - e q  
s is  of the charge .  It is here  a s sumed  that  during the per iodic  r e g e n e r a t i o n  of the charge  in a r i s ing  water  
flow with a 40-50% expansion of the bed a s t r i c t  c lass i f i ca t ion  of the g ra ins  is made with r e s p e c t  to  geome t r i ca l  
s ize  (in the normal  opera t ion of a s y s t e m  of wash ing-wate r  d is t r ibut ion  this r equ i r emen t  is met  by quar tz  
sand) .  

It was shown e a r l i e r  that lightweight aggrega te  gra ins  were  c lass i f ied  less  sharp ly  than quartz  in the 
course  of r egene ra t ion  [7]. This  is because  of the complex  m i c r o g e o m e t r y  of the aggrega te  gra ins  and a l so  
the i r  va r i ab l e  densi ty  --  the crushing opera t ion is applied s imul taneous ly  to  the fused c rus t s  and swollen mass  
of the aggrega te  g rave l .  Under these  conditions the use of Eq. (1) in calculat ing f i l te rs  with a lightweight 
aggrega te  charge  fails to sa t i s fy  engineer ing r e q u i r e m e n t s .  In o rder  to  improve  the equation we undertook 
some  exper imen t s  based on the method desc r ibed  in [6]. 
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