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The ar t ic le  invest igates  the motion of liquid in an inlet with sp i ra l  channel, and a method is de-  
vised for  calculating the design p a r a m e t e r s  of the inlet. 

Improving the eff iciency of h e a t - r e l e a s i n g  appara tus  used in power  engineering,  heat  engineering,  and 
chemica l  technology entai ls  the use of g ranu la r  m a t e r i a l  with an internal  heat  source  (catalyst) a r r anged  in the 
f o r m  of annular  l aye r s ,  with the heat  c a r r i e r  rad ia l ly  pumped through. A d i ag ram of such an appara tus  is 
shown in Fig.  1. 

The exis tence  of s eve ra l  pseudostable  s ta tes  of gas  f i l t ra t ion in the hea t - r e l ea s ing  l ayer  [1] and poss ib le  
uncontrol led t rans i t ions  f r o m  one such s ta te  to another  at the t ime  of operat ion [1-3] h inder  the organizat ion 
of uni form distr ibut ion of the heat  c a r r i e r  over  the c i r cumfe rence  of the l aye r  which would cor respond  to op- 
t imal  heat  r emova l .  

If instead of a layer ,  a special  inlet with a sp i ra l  channel is used fo r  dis t r ibut ing the gas  s t r e a m ,  the p r o b -  
lem of uniform gas dis t r ibut ion may be solved; in that  case  the appara tus  r ema ins  compact ,  and i ts  re l iabi l i ty  
is improved.  

We will examine the operat ion of the inlet whose porous  wall  has  an outer  radius that is much l a r g e r  
than the m a x i m u m  equivalent hydraul ic  d i am e te r  of the channel. This cons t ra in t  enables us to neglect  the 
hydrodynamic  effects  connected with the curva tu re  of the main line, and jus t i f ies  the uti l ization of ex t r eme  
value resu l t s  obtained for  s t r a igh t  penet rable  channels [4]. 

We wr i te  the equation of motion in the pro jec t ion  onto the S-ax is  in integral  f o r m  which is expedient fo r  
fu r the r  t r ans fo rma t ions :  

fpVJ ( 2 V ~ )  dEj = _ S Vs_~x (pssj__a,j)d,~. (1) 

As the c losed sur face  Z we se lec t  the full sur face  of an e l emen ta ry  volume r = Fds .  If we average  the flow 
p a r a m e t e r s  in exp re s s ion  (1) with r e s p e c t  to F, we obtain the l inear  equation 

1 d P _ 1 dG K ( V ~ ) 2 + K _ _ d  d 
p ds 6 d~- ds ( V ~ ) ~ + ( V ~ ) 2  

K- -  
ds 

1 d6 (V]2)+ [ ( V ~ ) Z  1 3 - - "  K = ( If(r)-- 11 z ) (2) 
2G ds 2D ' -2- + -2- ' 

which describes the gas motion with variable flow rate along the path in a channel with arbitrary cross section. 

In deriving Eq. (2) it was assumed that the change of the normalized profile of the longitudinal component 
of the velocity vector along the channel is slight, i.e., that V s = (Vs)f(r). The correctness of this assumption 
was demonstrated in [5-7]. The change of pressure, associated with dissipative losses, is taken into account 

by the term with the coefficient ~. 

With developed turbulent flow of an incompressible liquid and the dominant value of the radial component 
of the pressure gradient on the penetrable wall (SP */Dr >> dP/ds) Eq. (2) is greatly simplified; in polar co- 

ordinates it has the form 
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Fig. 1. Diagram of apparatus with heat re -  
leasing granular  layer  (Iongitudinal and 
cross  sections)" 1) heat- re leas ing layer; 2) 
outer guarding grid; 3) inner guarding grid; 
4) outlet pipe; 5) displacer  rod; 6) cowl; 7) 
dis t r ibutor  channel; 8) discharge channel; 9) 
protective disk; 10)protect ive washer;  11) 
porous wall; 12) inlet main line. 

3 G dG G z d F + ~  G2R _ dP (3) 
2 pF z de? 9 [:3 de? 29F2D de? 

We take it that the motion of the heat carrier in the porous wall is close to being radial, and that it obeys the 

square law of resistance 

1.7(1 --~) 
v P  = - -  o Ivl v .  (4)  

sad 

If we integrate (4), we obtain the formula for  determining pressure  losses in the porous wall: 

A p =  1 ( d G  ~" 1,7(l--e) ( 1 1 ) (5) 

The condition of dynamic matching of the sys tem inlet main l ine -porous  wa l l -d i s t r i bu to r  channel is expressed 
by the equation 

dP dP1 d 
- -  AP, 

d(p de? de? 

which in ldnematic variables [in accordance with (3) and (5)] has the form 

(6) 

2 pF ~ de? p F3 de? D 2pF 2 P ~ de? J de? ~ de? 
(7) 

When the s t r eam is uniformly distributed,  the flow rate of the heat  ca r r i e r  in the inlet  main line is de- 
scr ibed by the l inear  dependence 
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G-G~ q) ) ' 2 n  (8) 

and the p r e s s u r e  gradient  in the porous  wall is constant  (for brevi ty ,  the p a r a m e t e r  B is cal led the c i rcula t ion 
frequency).  In that  case the g rad ien t less  flow in the main line is a condition of uni form distr ibut ion of the heat  
c a r r i e r ;  it shows that the approximat ion  of an incompress ib le  liquid is c o r r e c t  for  the calculat ion of the shape 
of the inlet channel when a gaseous heat  c a r r i e r  is introduced. 

If we substi tute exp res s ion  (8) into (7) and put Pl = const ,  we obtain the regula r i ty  of the change of the 
useful main line sect ion of the inlet: 

(B - -  q~/2n) R (B - -  9/2n) dF 3 
- - ~ - - - ;  Fl,~=o = Fo. (9) 

D 2 F dq) 4n 

If the distr ibution of heat  c a r r i e r  is to be uniform while the appara tus  opera tes  at different  levels  of power  and 
flow ra te ,  s e l f - s i m i l a r  flow [~ ~ f(Re)] in the inlet main  line is indispensible.  It is at tained by ar t i f ic ia l ly  
roughing the wetted su r faces  and by the turbulizing effect  on the exhaust  s t r e a m  [8, 9]. With such flow, the 
c i rculat ion f requency depends only on the shape of the main  line, and the re fo re  in inlets with la rge  values of 
the p a r a m e t e r  B, s e l f - s i m i l a r  flow exis ts  even when G o is smal l .  

We de te rmined  exper imenta l ly  the coeff icient  of hydraul ic  r e s i s t ance  

: 10, ,  [--  1.41 - -  0,97 log2 (D/60A)] (10) 

and the lowest  flow rate  of heat  c a r r i e r  at which the noted flow reg ime  st i l l  exis ts  [4]: 

vpFo infGo ~ - - ~  [10 ** (5.27 - -  0.35 lg 100 ~)]1~=o. 

The solution of (9) for  the case ~ = ~(qo) has the f o r m  

(il) 

F = F 0 exp t" ~R 3 1 dq); (12) 
b 2D 4~ (B - -  r 

f r o m  below it is bounded by the function 

i n f F = F o ( l  q) )a/2 
2Br~ 

To avoid the negative effects  a s soc ia ted  with the detachment  of flow in the inlet main line, its useful s e c -  
tion has to become n a r r o w e r  in the di rect ion in which the heat  c a r r i e r  flows. This r equ i r emen t  imposes  con-  
s t ra in t s  on the design p a r a m e t e r s  of the inlet: 

0 < ~R 3 l (13) 
--D- 4 2~ (B-- q)/2~) 

We substitute expression (12) into Eq. (7) and put Pi = const. Let us analyze the obtained equation with the 

conditions on the boundary. 

Gr~=0 = BGo; G]~=2~ = (B-- l) Go. (14) 

It is simple to prove that there exists a solution of the boundary problem and that it is unique, and also that it is 
stable, i.e., that the function 6G/6F is bounded. This testifies to the correctness of the statement of the problem 
of seeking the shape of the inlet main line. 

Random perturbations in energy release cause local fluctuations of the mass velocity of filtration [I, 2] 
and disturb the uniform distribution of the stream over the circumference of the heat-releasing layer, i.e., 
0V r/a ~ ~ 0; in this case the tangential component of the pressure gradient in the distributor channel is also 
nonzero, and this leads to curving of the stream. 

It is of practical importance that the dynamic perturbations connected with fluctuations of energy release, 
propagat ing ups t r eam,  be at tenuated under  the effect  of the inlet.  

Within the f r a m e w o r k  of the l inear  theory  of per tu rba t ions  we invest igate  the effect  of dynamic osc i l l a -  
t ions with infinite per iod,  originat ing in the d i s t r ibu to r  channel, on the operat ion of the inlet.  F o r  this  purpose  
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we t ransform Eq. (7) and the boundary conditions (14) for  per turbed flow into dimensionless form,  and then 
we l inearize them, bearing (8) and (12) in mind. (As scale we chose the pa ramete rs  of unperturbed flow.) As 
a resul t  of this operation we obtain the differential  equation 

d6z _ a d [ 5g ) - ' - b  d26g" 
d~ 1 @ drl [, B - -  ~ _ d'q 2 ' 

Pt c a-- ; b-- ; z-- ; g = - - ;  
29Pf2o 2a2oPt Pr Go 

~l = -~n , '~ -- (B--B)  5 . 2D 4~ (B--B)  

(i5) 

with the boundary conditions 

describing the reaction of the s t ream 5g to the dynamic perturbation 6z. 

The solution of (15) and (16) has the form 

(16) 

[ [ A- dSz dn]d~]+C~}; 
6 g = ( B - - B )  .f CxA § + j  b (B- -B)  d~] (17) 

here, 

A § exp f ( 2 +  a ! dn f o $~b (B--H) ; A- = 1/A'; ~,V(n) = A+dBIn=~; 

M ( n ) = J A §  S b(BA---B) dSZdB d~)d~l =,; n=(OV1);  

C1 = M(1)--M(O) ,, Ca 5go--C,N(O)--M(O). 
N (o) - .  N (1) 

(1 s) 

We add to relat ion (18) the condition correlat ing the variat ion of the flow rate  of the heat  c a r r i e r  supplied to 
the apparatus with the dynamic perturbations 6z: 

6go = - - ~  6z (0) --  b . (19) 
dB 0=0 

Relation (19) was obtained by linearization of the equation of dynamic matching in integral form and of the form- 
ula for determining the power of the pump required for pumping the heat carrier through: Q = UG0/p . (It is 
understood that the pump Ires an independent drive, and therefore 6Q = 0.) 

We differentiate expression (17) with respect to the dimensionless coordinate ~?, and the obtained result 

d6g 
dB 

CIN (~q) - -  M (~q) - -  ag o -~ C ~ N  (0) _L M (0) @ (B - -  B) K 0]); 

( J b(BA---~I) dSz dBldB K ( B ) = A *  C ~ +  

(20) 

for ~ = 0 is substituted into (19) and resolved with respect to 6g0; as a result we obtain 

6go -- P~ [6z (0) § bBK (0)]. (21) 
U -  bP1 

Equations (17), (18), (20), and (21) describe fully the behavior of a stream of heat carrier in the inlet when there 
are dynamic perturbations. 

We now investigate the dynamic stability of the inlet. For that purpose we compile and analyze the sys- 
tem of characteristic equations 
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i dSz 1 1 dSP+ d~l - O, (22) 
-W ; 0 

which e x p r e s s e s  the continuity of the p r e s s u r e  f ields i n t h e  d i s t r ibu tor  channel and in the main  line of the inlet.  
Basing ourse lves  on express ions  (5) and (15), and on the var ia t ion  of Eq. (6), we t r a n s f o r m t h e  s y s t e m  of equa-  
t ions (22) into the f o r m  

d6z d~] = 0; d6g 
o = o. (23) 

F r o m  (22) and (23) we obtain that  the r equ i r emen t  of continuity of the p r e s s u r e  field is equivalent  to the con-  
dition of continuity of the veloci ty  field in the porous  wall .  

In accordance  with (18), (20), and (21), the s y s t e m  (23) is equivalent  to 

i d6z - -~- ]  d~l = 0; (B- -  1)K(1) = BK(O). (24) 
0 

The in te rsec t ion  of the se ts  of solutions sat isfying s e p a r a t e l y  each  of the in tegra l  equations of s y s t e m  (24) is 
the t r iv i a l  solution d h z / d ~  = 0; this follows f rom the p rope r t i e s  of the in tegra l  equations,  the de te rmina t ion  
of the value of K [cf. (20)], and exp res s ions  (18). 

Thus the inlet damps the dynamic per tu rba t ions  of the va r i ab le  (6 z ~ const); the i r  origin becomes  i m -  
probable .  An ord inary  r e c e i v e r  is a pass ive  ob jec t  and does not h inder  the or igin and propagat ion  of p e r t u r b a -  
t ions.  There fo re  a h e a t - r e l e a s i n g  appara tus  with an inlet  whose main  line has sp i r a l  shape is of inc reased  
re l iabi l i ty  in operat ion.  

When the insta l la t ion is in operat ion fo r  a long t ime ,  the roughness  of the main  line walls  may be worn off, 
and the resu l t  would be dis tor t ion of the uni form dis t r ibut ion of heat  c a r r i e r .  The p rob lem a r i s e s :  At what 
function A = A(q) does the wear ing off of roughness  cause  min imum dis tor t ion  of the uni form dis t r ibut ion of 
heat  c a r r i e r ?  Let  us solve it. 

We va ry  Eq. (7) and the boundary conditions (14) with r e spec t  to flow ra te ,  p r e s s u r e ,  and the function 
R / D ;  when we subst i tute express ions  (8) and (12) into the resu l t  and go over  to a d imens ion less  magni tudes ,  

we obtain the boundary p rob lem 

~R 6m 
F~Plp d6z D 

~2 Cz d~- § b d~l~ ' 

= Bgo;  G=I = ( B - -  1) 6go. 

(25) 

In approximat ion  to creeping flow in the d i s t r ibu to r  channel n e a r  the porous  wall,  the value of d 6 z / d ~  is 
de te rmined  f r o m  the equation 

d6z -~ T d26g " T vGo (26) 
d~l d~t ~ ~R~ lP1 

When we subst i tute  express ion  (26) into (25), we obtain an equation whose solution is analogous to the p ro b l em 
(15), (16). 

We mainta in  the supply of heat  c a r r i e r  to the appara tus  constant (by changing the power  on the pump shaft); 
the r equ i r emen t s  as  to ine r t i a  of the s y s t e m  ensur ing 6g 0 = 0 a re  not s t r ingen t  because  the p r o c e s s  of wear ing 
off of roughness  is not a sho r t - l i ved  one. 

We different ia te  the solution of the s y s t em (25), (26) 6g = 5g(u) fo r  6g 0 -- 0 with r e s p e c t  to the coordinate  
~; in the l imit  t rans i t ion ,  when 6m - -  0, we obtain the re la t ion  

d6g I ~ E-W(~) d~lll 5m [; (27) 
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dq �9 E- l/E+; W(q)= ~R/.2. 

Y = b TF~P~o 
ag 

The value of ~ R/D is determined as a function minimizing the functional: 

i ( (B--E-W01)~])Y )2 !' E+ S en dn : 

in this case it is to be expected that wearing off of roughness will lead to minimal distortion of the uniform dis- 
tribution of heat carrier. 

The method of calculating the design parameters of the inlet reduces to the solution of the system of 

trans cend.ental equations: 

300BFo l ] 

~3~dt2 \ ~ 2  R~ R ; ~3d(a/~l) 2A 
1 B-- 1 

o 2D 4~ (B - -  ~1) 

(29) 

infGoC =3.35.10~; C=lm, 
2~9RI'~ 

supplemented by relations (i0), (12) jointly with the variational problem (28) with natural conditions at the 
boundary and the existence of the constraint (13); the equations of system (29) express the condition of self- 
similar flow in the main line of the inlet, the requirement to ensure the specified pressure losses, the absence 
of negative effects caused by vortex formation in the distributor channel [4, i0, ii], the condition of optimum 
merging of the streams (( V~)I~=0= (V~)I~=2~) , the endeavor to attain the smallest possible contamination with 
erosion products of the porous wall; all this in the present case is equivalent to the requirement of minimum 
volume fraction of dead zones in the porous wall [12]. 

The initial data for the calculation are: nominal flow rate of heat carrier (G~ and the range of its change 
(inf G 0, sup Go), pressure losses (AP), the profiling function (A), the properties of the heat carrier (p, u), the 
radius of the inner surface of the porous wall (R i) (it is equated to the inner radius of the cowl at the entrance 
to the distributor channel). 

As a result of the calculation we obtain: the outer radius of the porous wall (R), its height (/) and equiv- 
alent pore diameter (d), the useful section of the inlet main line [F -- F(q))], the height of the protuberances of 
artifical roughness [A = A (~)], and the circulation frequency B. 

If the roughness is specified, the method of calculating the inlet is considerably simplified, the equations 
can be solved with the aid of desk calculators. The correctness of the results obtained in this article was con- 
firmed experimentally by the authors. 

NOTATION 

p, density of the heat carrier; V, velocity vector; P, static pressure; 5i], Kronecker delta; a, tensor of 
viscous stresses; xj, coordinate; F, useful section; G, flow rate of heat carrier; }, coefficient of hydraulic 
losses; D, equivaleflt hydraulic diameter; ~, polar angle; ~, porosity of the wall; d, equivalent pore diameter; 
/, height of the porous wall; R, R i, outer and inner radius, respectively, of the porous wall; Ap, pressure gra- 
dient in the porous wall; G 0, flow rate of heat carrier supplied to the apparatus; B, circulation frequency; Re, 
Reynolds number; A, height of protrusions (surface roughness); Q, required pump power; P~, lop static pres- 
sure of the perturbed and unperturbed flows, respectively, in the distributor charmel; 6m, relative variation 
of the function ~R/D; A, profiling function; * *, sign of raising to a power; u, kinematic viscosity; U, gradient 
of pressure induced by the pump; *, magnitudes on the penetrated main line wall; +, parameters of perturbed 
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flow; 1, magnitude relat ing to the dis t r ibutor  channel; 1, to the magnitudes relat ing to the porous wall and the 
inlet main line a subscr ip t  was not assigned. 
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E F F E C T  OF T H E  I N L E T  

D I S T R I B U T I O N  IN E D D Y  

S h .  A.  P i r a l i s h v i l i  

T E M P E R A T U R E  ON E N E R G Y  

T H E  R M O T R A N S  F O R M  ERS  

a n d  N.  N.  N o v i k o v  UDC 533.697 

The ar t ic le  p resen ts  the resul ts  of the exper imenta l  investigation of the effect  of energy sep-  
ara t ion in eddy t h e r m o t r a n s f o r m e r s  with inlet t empera tu re s  of the working substance 500 ___ 
T~_< 2000~ 

Rank's eddy t h e r m o t r a n s f o r m e r s ,  operating at inlet t empera tu res  T~ > 500~ are  used in a i rc ra f t ,  rocket ,  
and power engineering for  solving a number  of specif ic  problems [1]. At such t empera tu re s  the magnitude of 
the effect  of the rmot rans fo rmat ion  may be grea t ly  influenced by the variabi l i ty  of the thermophysical  p roper t i e s  
of the working substance.  To find more  accura te  charac te r i s t i c s  of h igh- tempera ture  eddy t h e r m o t r a n s f o r m e r s ,  
exper imenta l  investigations were  ca r r i ed  out with a careful ly insulated cylindrical  pipe with d iamete r  dpi = 20 
mm and re la t ive  length l = L / d p i  equal to 9 t imes  the bore,  and with a rect i f ica t ion c ross  at the hot end. 

The exper imenta l  setup was a gas gene ra to r  which made it possible to  ascer ta in  the flow ra te  of the work-  
ing substance with specif ied p a r a m e t e r s  being fed to the inlet  of the swi r l e r  of the eddy t h e r m o t r a n s f o r m e r .  
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