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Descr ibed  are  the dis t r ibut ions of the Prandt l  number ,  the Schmidt number,  the Lewis num-  
ber ,  the t empera tu re ,  the enthalpy, the concentrat ion,  the diffusion cur ren t s ,  and the s h e a r  
s t r e s s e s  a c ro s s  the height of a boundary layer  with mult icomponent  d i f fus ion .  

When studying a reac t ive  boundary layer ,  one considers  e i ther  the reac t ion  of the injected substance 
f i l te r ing through the porous wall  with the gas in the outer s t r e a m ,  or  the breakdown of the sur face  ma te r i a l  
of the body without injection [1]. 

The subsequent  analysis  here  will take into account both these phenomena, i .e. ,  the reac t ion  of a 
carbon wall  with hydrogen injected through it and an oxidizer  in the outer  l amina r  s t r e a m  at infinite r a tes  
of both the heterogeneous and the homogeneous react ion:  

2C + O~ = 2CO, (a) 

2H~ + O~ = 2H~O, (b) 

which occur  within an inf in i tes imal ly  thin zone at the wail sur face .  

The different ia l  equations of t r a n s f e r  in a reac t ing  t rans ient  boundary layer  (during l aminar  flow) 
and the cons t ra in t  equations have been t r ans fo rmed  in [1] into the following se i f -adjo in t  form:  

2 0 )  " o ~-p~u=O; (~o~)'+o~'C~=0, i = l ,  2, 3; 

{m[--H'/Pr--(1 --Pr-') u~u2- ~_:_ ~ h , ( C d P r + ~ ) ] } ' + c o , i f , = O  ' i = 1, 2, 3, 4. 
i 

(1) 

where  

(o(1)=0; o/ (O)--  B*/2; C~(1)=C~; 

Ci(1)=O, i = 2 ,  3; 2 r m J 3 = J H ;  

2rlrY2 = J-c; - -  211o~(0) :- r-lJc + ri-lYn; 

2oY (0) Q (Tn) = ATecp~, [M (n) - -  M (1)] - -  2~ (0) (If'  - -  ~, h~C;) Pr (0), i :=1,  2, 3, 4, (2) 

= - -  c ; / s c .  7t - ~o~(0) + ~' (0) c~ (0). 

The p r ime  sign following a symbol  in (1)-(2) and in subsequent  express ions  denotes a der iva t ive  with r e -  
spect  to u (u = u/uoD. The other  designations a re  the same  as in [1]. 

The composi te  s y s t e m  of nonlinear different ia l  equations and const ra in ts  (1)-(2) descr ib ing  the bound- 
a ry  l aye r  at a porous wall with a chemical  reac t ion  between H2, C, and oxygen O 2 of the outer  s t r e a m  as 
well as with a d i sp lacement  of the wetted body sur face  due to reac t ions  (a) and 03) will s impl i fy  apprec iably  
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when P r  = Sc i = 1 and ~p = 1. The solut ion fo r  this case  is given in [1]. t 

P r o b l e m  (1)-(2) cons i s t ing  of f ive s e c o n d - o r d e r  d i f fe ren t ia l  equat ions  with 10 cons t r a in t s ,  t oge the r  
with the s y s t e m  of N - 1  re la t ions  between t r a n s f o r m s  of d i f fus ion c u r r e n t s  Ji (Ji = - C ~ / S c i ,  i = 1, 2, 3) and 

T de r iva t i ve s  C i 

Gl1 alu a13 ]I 

(/21 a22 a2~'l ]-~ 

P l a31 a32 a3a 

obtained f r o m  e x p r e s s i o n s  (33) in [1] with 

= b~2 b~3 

031 b3~ ba3 

w h e r e  

c; 
c; 
c; 

(3) 

~-]~ = 0, ~ C ,  = 1, i = 1, 2, 3, 4, (4) 
i i 

a n = C7 -~ [(I - -  Ca)/m,D1, + CJm~D13], a,~ = a32 = b,2 = ba~ = O, 

a,3 = - - ( t / m a D , 3  47 1/m,D14i, a21 = - - i l / m , D 2 ,  Jr- 1/m4D2a), 

a3, = - -  (1~re,D3, "}- 1/m~D34), a3a = C~ -~ [C,/m,D31 + (1 - -  C,)/m4Da4 ], 

o~z = --CT' [CJm, + (1 : Ca)/m,], 
bia = O~a = (1/m 3-:- 1/m,), b~., = b3, = ( 1 / m , -  1/m,), 

bee = - -  C7 '  [CJm,  47 Ca/m a 47 (1 - -  C 1 - -  C3)/m,] , 

ba 3 = Ca'  [Ca~m, 47 (1 - - C , ) / m , ] ,  

and a l so  toge the r  with the equat ions  fo r  de t e rmin ing  the t h e r m o p h y s i c a l  p r o p e r t i e s  of individual  gas  c o m -  
ponents  gti, Xi, ep i  ) as well  as of the i r  m i x t u r e s  (u, X, Cp) as funct ions of t e m p e r a t u r e  T and c o n c e n t r a -  
t ion Ci$ ) was  so lved  by n u m e r i c a l  i n t eg ra t i on  on a Minsk-22  c o m p u t e r  with the fol lowing s tep  S (tT) of the 
independent  va r i ab le  u: S (~) = 0.05 for  0 _< ~ -< 0.9 and S (t~) = 0.03 fo r  0.9 -< ~ _< 0.99. The cons t r a in t  p ro b l e m 
(1)-(2) was r educed  to a Cauchy p rob lem by spec i fy ing  the boundary  condi t ions  only at the wall  su r f ac e  at 
u = 0 .  

With  quant i t ies  Ci~ (i = 1, 2, 3) and T,r g iven in (2) as well  as with p a r a m e t e r s  u~ and B, the con-  
s t r a in t s  fo r  ][(0) (i = 1, 2, 3), H(0), 60(0), and w'(0) w e r e  found f r o m  re l a t ions  (2), whereupon  the cons t r a in t  
p rob l em (1)-(2) was  solved with (3) as  well  as the t e m p e r a t u r e - d e p e n d e n c e  and the c o n c e n t r a t i o n - d e p e n -  
dence of the t h e r m o p h y s i c a l  p r o p e r t i e s  taken into account .  With p a r a m e t e r s  thus speci f ied ,  the Cauchy 
p rob l em b e c o m e s  comple te ly  de t e rmina t e .  It is so lved by the R u n g e - K u t t a  method.  At the outer  edge of 
the boundary  layer ,  at the point u = 1, which  is a s ingu la r  point, the finite values  of the sought  p a r a m e t e r s  
co(l), ~{1), C 2 (1), and C3(1 ) wil l  be funct ions  of the g iven approx ima t ions  to the unknown quant i t ies .  F o r  
example ,  

r .[,.o (0), ], (0), C~ (0), C a (Oi] = Ih,.o (1)1 ' 47 IA~(1)I%IAC~. (1)]z-~-[hC 3 (1)l ~, 

where  A denotes  the d i f fe rence  between fol lowing and p reced ing  values  of r e spec t i ve  p a r a m e t e r s  at point 
= 1. When 5 - -  0, the unknown quant i t ies  x ,  Ji, and C i b e c o m e  de t e rmina t e .  (The m i n i m u m  of funct ion 
is de t e rmined  by the g rad ien t  method [3].) The cons t r a in t s  (2) at ~ = 1 will  a l so  be sa t i s f ied  within the 

app rop r i a t e  a c c u r a c y ,  i .e . ,  the solut ion to the Cauchy p rob l em with ini t ial  va lues  de t e rmined  in this manne r  
does ,  evidently,  coincide with the solut ion to the o r ig ina l  cons t r a in t  problem.  The r e s u l t s  of n u m e r i c a l  
i n t eg ra t i on  have been tabulated fo r  va r ious  values  of the in jec t ion  number  B, flow ve loc i t ies  u~,  and t e m -  
p e r a t u r e s  T,o, with the va r i a t ion  of t h e r m o p h y s i c a l  p r o p e r t i e s  a c r o s s  the boundary  l a y e r  taken into account  
(Figs. 1--4, Tables  1-2).  Numer i ca l  r e su l t s  have a lso  been  obtained for  P r  = Sc i = 1 and pp = cons t  (the 
cu rves  in F igs .  1-3  and the va lues  in Tables  1-2 c o r r e s p o n d  to u,o = 15 m / s e e ) .  

Accord ing  to the c u r v e s  in F igs .  1-2,  the no rma l i zed  di f fus ion c u r r e n t s  Ji as  weI[  as the Schmidt  
n u m b e r s  Sc i and the Lewis  n u m b e r s  Le i v a r y  app rec i ab ly  within the 0.8 ~ ~ _< 1 zone adjacent  to the outer  
edge of the boundary  layer .  Within  the ~ < 0.8 zone all these quant i t ies  v a r y  negl igibly  little. The l a r g e s t  
v a r i a t i o n  a c r o s s  the boundary  l a y e r  is c h a r a c t e r i s t i c  of the n u m b e r s  Le i and Sc i. Thus,  while Le i = 0.835, 

In ([1], p. 66) u~l/2 = B * / 2  should be c o r r e c t e d  to tanTu[1/2  = B * / 2 .  
$ This  is r e l a t ion  (34) in [1]. 
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Fig. 1 Fig.  2 

Fig .  i .  V a r i a t i o n  of n u m b e r s  P r ,  Sci,  Lei ,  and of Ci, J i  a c r o s s  the height  t~ of a b o u n d a r y  l ayer ,  
at v a r i o u s  su r f ace  t e m p e r a t u r e s  T s of the porous  wal l  and at v a r i o u s  va lues  of the i n j ec t i on  n u m -  

b e r  B: a, b) T s =1300~ P =0 .2 ,  B = 7 5 ;  c, d) T s =2000~ P =0 .2 ,  B = 3 0 ; e , f )  T s =2000~ 
P = 0.2, B = 78.7; i n  f) the so l id  l ines  c o r r e s p o n d  to P r  ~ Sc i ~ 1 and the dashed l ines  c o r r e s p o n d  
t o P r  = S c  i = 1 .  

Fig.  2. N u m b e r s  P r ,  Sci, Lei ,  and Ci, ~ as func t ions  of u, at v a r i o u s  po ros i t i e s  P: a, b) T s 
=2500~ P =0 .4 ,  B =25 ;  c, d) T s =2500~ P = 0 . 2 ,  B = 2 5 ; i n b )  the sol id l ines  c o r r e s p o n d  to 
p r  ~ Sc i ~ 1 and the dashed l ines  c o r r e s p o n d  to P r  = Sc i = 1. 

Le 2 = 0.826, Le 3 = 1.136, and Le 4 = 1.058 at t~ = 0 (Fig. la},  fo r  example ,  Le 1 = 1.175, Le 2 = 1.139, Le 3 
= 2.261, and Le t = 1.963 att~ = 0.99 ~ 1. The n u m b e r s  S% and Sc 4 a re  att~ = 0 a p p r o x i m a t e l y  twice as high as a t ~  

= 1, the r a t i o s  a r e S c i ( 0 ) / S c i ( 1 )  ~ 1.45 and~(0 ) /~ i (1 )  ~ 0 .7 fo r  i = 1,2 (Fig. lb) b u t ~ ( 0 ) / j i ( 1  ) ~ 0 . h f o r i  = 3, 4. 
tt i s  to be noted that  the P r a n d t l  n u m b e r  (Fig. l a )  v a r i e s  only  s l igh t ly  (and a l m o s t  l inear ly )  a c r o s s  the 
b o u n d a r y  l aye r  (thus,_ P r  = 0.783 and P r  = 0.756 at ~ = 0 and t~ = 1, r e spec t ive ly ) .  S i m i l a r  v a r i a t i o n s  in  
p a r a m e t e r s  P r ,~ j i  , Sci, and Le i (i = 1, 2, 3, 4) a re  noted a lso  in  o ther  ca ses  (Figs.  1-2) ,  with the r e l a t i o n  
C i = Ci(u), 0 -< u _< 1 for  the c o n c e n t r a t i o n  be ing  a l m o s t  l i n e a r .  The abso lu te  va lues  of j-i and C i a re  v e r y  
d i f f e ren t  when P r  ~ Sci ~ 1 and when P r  = Sci = 1. Accord ing  to F igs .  1-2,  P r  = Sc i = 1 does not c o r r e -  
spond to ac tua l  phys ica l  condi t ions .  In m a n y  c a se s  one m a y  a s s u m e ,  however ,  that P r  = cons t  a c r o s s  the 
bounda ry  l aye r .  As the i n j ec t i on  of hydrogen  (the B number )  through the porous  wall  is  i n c r e a s e d ,  C3(0 ) and 

i n c r e a s e  i n a s m u c h  as the e n t i r e  in jec ted  hydrogen  H 2 conve r t s  into wa te r  H20 accord ing  to r e a c t i o n  (b), 
while C 2 (0) and ~ decrease, but C 4 (0) and ~ change insignificantly inasmuch as nitrogen N 2 is in this case 
an inert substance. The concentrations CI(~ ) and the normalized currents ji(u) remain invariable as the 
injection number B is increased (Figs. 1-2), because the entire oxygen 0 2 (at a given concentration Cl~o) is 
taken up stoichiometrically in reactions (a) and (b). Numbers Pr and Sc i (i = i, 2, 3, 4), which are functions 
of the thermophysical properties u, c-p, X, p, and D i determined from the composite system of relations 
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F i g .  3. P a r a m e t e r s  co and ~ ' ,  e n t h a l p y  H, and t e m p e r a t u r e  
T as  func t ions  of u, a t  v a r i o u s  s u r f a c e  t e m p e r a t u r e s  Ts  and 
v a r i o u s  v a l u e s  of the i n j e c t i o n  n u m b e r  B: a, b) P = 0.2, T s 
= 1300~ c, d) P = 0.2 and T s = 2000~ e,  f) P = 0.2 and T s 
= 2500~ The s o l i d  l i ne s  c o r r e s p o n d  to P r  ~ 1 and the 
d a s h e d  l i ne s  c o r r e s p o n d  to p r  = Sc i = 1. 

T A B L E  1. V a r i a t i o n  of P a r a m e t e r s  w, co', H ( k c a l / k g ) ,  and T 
(~K) a c r o s s  the He igh t  of a B o u n d a r y  L a y e r ,  a t  P = 0,4 

. Pr@Sci4 =I P r=Sc i= l  

0 , ~  i86 44 68~ 2~00 250 118 705 2~00 
0,10 190 39 657 24~1 261 1 0 8 /  2462 
0,~0 193 22 1 628 2361 271 8 0 t  2~22 
0,~0 194 _ ~ 600 2290 2 7 6 t  3 ,  2382 
0 , 4 0  192 - -  43 ] 572 2 2 1 8  -277 
0 , 5 0  185 - -  94 I 544 2145 270 I ~ I I I  I 607 2341 

l 29 

0 ,60  172 - -  159 t 516  2069 "254 ] - - 2 1 6  
0 , 7 0  152 - -  245 j 487 1991 226 / - -  35t 1 
0 , 8 0  122 - -  362 J 458 1908 182 | - -  535 ] 
0 , 9 0  78 - -  548 I 426 1817 116 [ - -  822 I 
0,96 ~i --763 / 405 1755 ~i 1--2251 [ 
0,99 --1029 J 392 1716 ]--1568 t 
1,00 _ ~  ~ 390 1702 

l 

2298 
2255 
2210 
2165 

t 2t18 
2089 
2075 
2070 

(33) and (34) in  [1], v a r y  in  our  c a s e s  (F igs .  1-2) as  fo l lows  as  the B n u m b e r  i s  i n c r e a s e d :  the  P r  n u m b e r  
r e m a i n s  a l m o s t  unchanged ,  the Sc i (i = 1, 2, 4) n u m b e r s  d e c r e a s e ,  the Sc 3 n u m b e r  i n c r e a s e s  s l i gh t l y .  Con-  
s i d e r i n g  tha t  Pr(~)  ~ c o n s t  wi th in  0 ~ ~ _< 1, an  i n c r e a s e  o r  d e c r e a s e  in  an  Sc i n u m b e r  c a u s e s  the Le i n u m -  
b e r  (Le i = P r / S e i )  to change  in  the o p p o s i t e  s e n s e .  It i s  to be noted tha t  in  the v i c i n i t y  of point  ~ = 1, which  
i s  s i n g u l a r ,  the e r r o r  of n u m e r i c a l  i n t e g r a t i o n  i s  m a x i m u m  and,  c onse que n t l y ,  the l a r g e s t  d e v i a t i o n  of c a l -  
cu l a t ed  f r o m  e x a c t  v a l u e s  of p a r a m e t e r s  i s  p o s s i b l e  h e r e .  

A c o m p a r i s o n  of F i g .  l a ,  b wi th  F ig .  l e ,  f and F ig .  l c ,  d wi th  F ig .  2c,  d shows tha t ,  as  the  s u r f a c e  
t e m p e r a t u r e  T s r i s e s ,  the Sci(0 ) n u m b e r s  i n c r e a s e  whi le  the Sci(1 ) n u m b e r s  d e c r e a s e .  The c o n c e n t r a t i o n s  
C i a r e  a l m o s t  the s a m e  but  the  n o r m a l i z e d  c u r r e n t s  ~ d i f f e r  a p p r e c i a b l y  a t  both s u r f a c e  t e m p e r a t u r e s  a s  
u --- 1. W h e n  the p o r o s i t y  i s  i n c r e a s e d  f r o m  0.2 (Fig.  2% d) to 0.4 (Fig.  2a,  b), Sc 3 and Sc 4 d e c r e a s e  (Le d 
and Le  4 i n c r e a s e  c o r r e s p o n d i n g l y ) .  A l l  o t h e r  p a r a m e t e r s  r e m a i n  a p p r o x i m a t e l y  the s a m e .  

V a r i a t i o n s  of co (co = ~ d u / d ~ )  and co' (co' = dco/du) as  w e l l  as  of e n t h a l p y  H ( k c a l / k g )  and t e m p e r a t u r e  
{~ a c r o s s  the b o u n d a r y  l a y e r  a r e  shown in F ig .  3. In Tab le  1 t hese  p a r a m e t e r s  a r e  l i s t e d  fo r  P ---- 0.4, B 
= 30, and Ts = 2500~ F o r  the abso lu t e  v a l u e s  of B, Ts ,  and P c o n s i d e r e d  h e r e ,  a change  of B, r a t h e r  
than  of T s o r  P,  c a u s e s  the m o s t  a p p r e c i a b l e  change  in  co and co'. S ince  co and co, a r e  func t ions  of the ~ 
f a c t o r  in  the  f i r s t  of Eqs .  (1), hence  we have  f o r  P = 0.2 (Fig .  3c) o r  fo r  P = 0.4 (Table  1) wi th  B = 30: 
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F i g .  4.  F r / o r i o n  c o e f f i c i e n t  cf  and t h e r m a l  

f l u x  q s  as  f u n c t i o n s  of  the  x - c o o r d i n a t e  

a l o n g  a p o r o u s  w a l l  (P = 0.2) ,  a t  v a r i o u s  

s u r f a c e  t e m p e r a t u r e  T s and v a r i o u s  s t r e a m  

v e l o c i t i e s  u,r a, b) B = 25, u,~ = 15 m / s e c .  

1) T s = 2500~ 2) 2000;  3) 1300;  c ,  d) B 
= 78.7,  T s = 2000~ u ~  = 15 m / s e c .  1) 

T s = 2500~ 2) 2000;  3) 1300;  c ,  d) B = 78.7,  
T s = 2000~ 1) u ~  = 15 m / s e c ;  2) 200;  3) 
400 ;  4) 500. The  s o l i d  l i n e s  c o r r e s p o n d  to 

P r  ~ Sc  i ~ 1 and the  d a s h e d  l i n e s  c o r r e s p o n d  

t o P r  = S c  i = l .  D i s t a n c e x  (m). 

T A B L E  2. V a r i a t i o n  of the  F r i c t i o n  C o e f f i c i e n t  cf  and the  T h e r m a l  

F l u x  qs  ( k c a l / m 2 "  sec )  a long  the  P o r o u s  W a l l  ( x - C o o r d i n a t e ) ,  a t  

T s = 2000~K, u.o = 15 m / s e c ,  B = 78.7 

x, cm l 1 3 I 6 } 10 I is 1 20 t ao ,5~ 

Pr ~Sci r 1 

cf.10~ 

qs-10~ 

P=O,2 
P=0,3 
P=O, 35 

P=O ,2 
P=O,3 
P--0,35 

1533 
1496 
1475 

5131 
5609 
5853 

885 
864 
852 

2962 
3238 
3379 

626 485 
611 473 
602 466 

2095 1622 
2290 1774 
2390 1851 

396 343 
386 335 
381 330 

1325 1147 
1449 1254 
1511 1309 

280 217 
273 212 
269 209 

937 726 
1024 793 
1069 828 

Pr=Sc~=l 

cf , 105 

qs.1O3 

P=0,2 
P=O,3 

P=O,2 
P=0,3 

2489 
2426 

4318 
4785 

1437 
1400 

2493 
2763 

1016 787 
990 767 

1763 I365 
1954 1513 

643 557 
626 542 

Ill5 965 
1236 1070 

454 352 
443 343 

788 611 
847 677 

F u r t h e r m o r e ,  i f  H(0) and T(0) a r e ,  r e s p e c t i v e l y ,  the  s a m e  a t  P = 0.2 and at  P = 0 .4 ,  t h e n  

T ( 1 ) ] p = o 2 > T ( 1 ) ] p = o v  H (1)]p=0 2 > H(1)[p=0 4, (5) 

b e c a u s e ,  as  the  p o r o s i t y  of the g r a p h i t e  w a l l  d e c r e a s e s ,  bo th  the h y d r o g e n  c u r r e n t  c o m p o n e n t  ]-H and T(1) 

(or H(1)) i n c r e a s e ,  i n a s m u c h  a s  the h e a t  of  the  e x o t h e r m a l  r e a c t i o n  (b) i s  h i g h e r  than  t h a t  of r e a c t i o n  (a); 
i n  o t h e r  w o r d s ,  the  g i v e n  t e m p e r a t u r e s  T s (T s = T(0)) i s  r e a c h e d  a t  a l o w e r  a m b i e n t  t e m p e r a t u r e  T,r (T,~ 

= T ( 1 ) )  w h e n P  = 0 . 4  than  w h e n  P = 0 . 2 .  The  i n c r e a s e  in  w and w t w h e n p r  = S o  i = ~  = 1 ,  as  c o m p a r e d  to 

t h e i r  i n c r e a s e  w h e n  P r  e Sc  i ~ L, i s  r e l a t e d  to the  s p e c i f i c s  of  the  f i r s t  e q u a t i o n  in  s y s t e m  (L), w h e r e  the  

l a r g e s t  v a l u e s  of  co and co' c o r r e s p o n d  to  the  c o n d i t i o n s  ~p ~ 1 and P r  = Sc  i = 1 (Fig .  3, T a b l e  1). 

As  t e m p e r a t u r e  T s r i s e s  (Fig .  4a ,  b), the  l o c a l  v a l u e s  of  the f r i c t i o n  c o e f f i c i e n t  ef  and of the  t h e r m a l  

f l u x  qs  d e f i n e d  as  
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(0) = [ (0) o (0) ] T' ( 0 ) ( 6 )  c , -  q s 

increase ,  with w(0) = u~3/2 when Pr  = Sc i = 1. Such an increase  in cf and qs is due to a net change not 
only in the thermophysical  proper t ies  in (6) but also in T'(0) and c0(0). The decrease  in cf and the increase  
in qs with increas ing u~o (Fig. 4c, d) is explained in the light of relat ions (6), where cf ~ u ~ / 2  and qs 
~ ul~/2. A higher porosity of the graphite wall (Tabte 2), too, will reduce cf and ra ise  qs because, as has 
been mentioned ear l ie r ,  a higher P allows the tempera ture  T,o neces sa ry  for reaching the given t empera -  
ture T s to be lower and thus makes for  a higher Reynolds number Re x but a lower w (0) and thus for a lower 
cf and a higher qs, the latter depending mainly on the temperature  difference AT = T s -Too (qs ~ AT). 

According to Fig. 4 and Table 2, cf is higher and qs is lower when Pr  = Sc i = 1 than when Pr  # Sc i 
1. The inequality 

> 

is in the fo rmer  case explained by an increase  in oJ(0) and a decrease  in Rex, but in the latter case qs in- 
c reases  because the derivative T'(0) (T t = dT/du)  is l a rger  regard less  of the decrease  in r and the in-  
c rease  in Re x in (6). Thus, in the f i r s t  case and in the second case the factor  inside the square brackets  
and T'(0) in (6) are equal to 133.10 -5, 532 and 119.10 -s, 290, respect ively (T s = 2500~ B = 25, P = 0.2, 
x = 1 ram, u,o = 15 m / s e c ) .  The s t r eam tempera ture  T.o is 2180~ for  the f i r s t  case and 1910~ for  the 
second case. In this way, according to Figs.  1-4 and Tables 1-2, the assumption Pr  = Sc i = 1 leads in our 
case to large deviations values f rom exact  values. 

1o 
2. 
3. 
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