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P R O S P E C T S  F O R  S I M U L A T I N G  H E A T  A N D  M A S S  

T R A N S F E R  I N  I N T E N S I F I C A T I O N  A N D  S C A L I N G  O F  

T E C H N O L O G I C A L  P R O C E S S E S  

P. P. Loboda  U DC 66.063 

A system of  correlations is suggested that are obtained based on scaling a universal space-t ime dependence 

and that allow one to calculate fundamenta l  physical constants  with the accuracy o f  their experimental  

determination, thus creating a theoretical foundation for  simulating in a single system the concepts o f  heat 

and mass  transfer and chemical and biochemical conversions in intensification and scaling o f  technological 

processes. 

Optimum, environmental ly  safe functioning and development  of p resen t -day  technologies a re  based on 

advances in many sciences and require their  integration,  especially on a fundamenta l  level, in o rde r  to decrease  

the needed informational  output of exper imenta l  investigations.  This  refers first of all to heat  and  mass t ransfer  

phenomena that  ensure progress in technological processes in intensification and increase of the spatial  scale of 

their  implementat ion.  Use of a single system of concepts in the form of space- t ime correlat ions can become a basis 

for integrat ing the efforts of various sciences provided that these correlat ions allow for the ent i re  variety of concepts 

known at this time. The  touchstone here is the sufficiency of the information put into universal  space- t ime depend-  

ences for calculating basic fundamenta l  constants.  

At the present  time practically all the sciences employ space- t ime character is t ics  to a grea ter  or lesser 

extent.  It is only necessary to in tegrate  them into a single system. 

Considerable  promise is offered by a system of dimensionless  functionally re la ted space- t ime character is t ics  

that employs a functional time in the form of a relaxation time r r in the course of which the deviat ion of the system 

from the equilibrium state changes by a factor of e (e is the base of natural  logari thms).  

As a time characterist ic,  the quanti ty r r  1 is usually used, which is the reciprocal of the re laxat ion  time and 

is known as the volumetric heat  and  mass transfer  coefficient, the specific rate (rate constant)  of conversion in 

chemica l  and  b iochemica l  t echnology ,  and  the a ngu l a r  f r equency  ( angu la r  ve loci ty)  in phys ics ,  with the 

instantaneous values of the indicated quanti ty being represented  in the form of a fraction of its value at the center  

of the source at the beginning of the process. The relative, functior~zlly related spatial  character is t ic  is the ratio of 

the current  distance from the source to the distance from it at which the relative time character is t ic  is co = e -  I i.e., i 

e times smaller  than the initial unit value. 

In such a space- t ime sys tem the intensif icat ion and spat ia l  scaling of processes  are  cor responding ly  

manifested in the change in the time and space characterist ics.  

The simplest  (universal) re la t ionship between the functionally related time, w, and  space, l, character is t ics  

can be represented in the form of a system of equations: 

w = (1 - l 1 56)2 ,  (1) 

/3 ~ = Ct ' ~2) 

having the common point K with the space, l K, and time, w K, character is t ics ,  with Eq. (1) being valid for l <- l g 

and Eq. (2) for l >_ 1 g. 
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Equation (1) is a t ransformat ion of Schlicht ing 's  [1 ] form of the universal hydrodynamic  profile of the 

longitudinal  velocity component  in the cross section of the main portion of submerged  tubulent  jets and  wakes 

behind bodies.  Equation (2) asser ts  the invariance of the combinat ion of quanti t ies /3w2 with the mean value Ct = 

0.10286 that was found exper imenta l ly  in [2, 3 1 for l > l K .  

The coefficient ,3 = 1 - e - ~  = 0.39346934028737 in Eq. (1) provides the conversion from the relative 

functionally re la ted spatial  character is t ic  I to the relative character is t ic  lo adopted in [1 ] and equal to the ratio of 

the current  spatial  character is t ic  to the maximum distance of the action of the source: 

lo = l , 3 2 / 3 .  ( 3 )  

An analys is  of the sys tem of equations (I)  and (2) shows that the simplest  space- t ime rela t ionship (unit 

velocity) w = l w  first increases with increase in l, a t ta ins  the maximum value 

Wma x = lma x COma x = (4,3) - 2 / 3  9 / 1 6  = 0.41572735400907 (4) 

at /max = (4c3) - 2 / 3 ,  and then decreases ,  obeying,  in the case of l > l K in accordance with Eq. (2), an inversely 

proport ional  dependence  on /O.5. 

The  system of equations (1) and (2) allows one to carry  out scaling by changing one (space or time) or 

both character is t ics  by a factor of n, as well as by raising to the m-th  power. 

For example,  upon increasing 10-fold the space character is t ic  and subsequent ly  raising the sys tem to the 

tenth power, we obtain the system 

COlO = [1 - (/10 10-10) 015`3120, ( l a )  

(/10)3 (~10)2 = cIO. 1030, (2a) 

where COlO = wl~ /10 = (1- 10) 10 are  the result ing values of the space- t ime characteris t ics .  

Within the accuracy of exper imenta l  de terminat ion  of C t it is possible to propose several specific values of 

it, in part icular ,  a convenient  calculated value of Ct.cal. that corresponds to the sys tem of equations (1) and  (2) at 
l= l K= 1 0 0 2 / 3 :  

Ct.cal. = 10 o.2 (1 - 10 ~ = 0.10279360506882. 

The  invar iant  C~.l .vel .  ca lcu la ted  from the velocity of light c = 299792458 m / s e e  has a value that  is 

numerically close to that of Ct,cal.: 

(Cm/,C)V'~ -,/-2" 011 (5) Ct  I.vel" = 0.1 = c �9 1 = 0.10279339173235,  

where c m = 106r = 305690100.16384 is the model value of the maximum dimensionless  velocity that corresponds  

to the concepts of gravi tat ional  mass with a 10-fold increase in the space- t ime character is t ics  and  subsequent  taking 

of the tenth power. Final ly,  the invariant  Ct.real,  which is close to exper imenta l  values of C t, can be represented  in 

10 is the maximum unit velocity upon raising the the form Ct.real = 2" 1011 Wmax/lO ''c = 0.10287155487642, where Wma x 

system of space- t ime character is t ics  to the tenth power. 

The ratio of Ctl  re1 to this invariant  is equal to 

Y = Ct.I v e l . / C t  tea I = (c I -d-~/~-,,~ ) / f l  = 0 . 9 9 9 2 4 0 1 8 7 1 2 1 9 2 ,  (6) 

10 where fl = vr'2"Wmax = 2.1807255362031" 10 - 4 .  
0 , 9 /  q~ 

Equa l i t y  of Ct.l.vel. a n d  Ct.cal. is a t t a i n e d  at the  ve loc i ty  c in Eq. (5)  e q u a l  to c o = c m , ~o K = 

299792018.04847 and represent ing the dimensionless  calculated velocity. 
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TABLE 1. Calcu la t ion  of F u n d a m e n t a l  C o n s t a n t s  

Nota t ion  

of 

cons t an t s  

C 

r e 

m e 

e 0 

6t 

mp  

rn n 

ma.m.u. 

R 

K 

G 

Calcula ted  d e p e n d e n c e s  

0.999.~ -0.4v"2- / 3. 0.009. DO.99t 12 
C m (o /c m ) 

2" 1028~2 y2`54 c-400 4 e -6 

10-28/3,/- 1.6`5-4e6 

(2. 107 f13yO 4c-400 4) 05 

20.2(fly)0.6e - 5  

2a- l f13 yO 4c- 300 4 

me( c/  r2e)O.21og e02 

mp+ O.OlmereC2yo 

me(c/r )0 2 ,og %9 6, 0 

20 Wma x 

103rna.mu.R 

0.5(Ct.l.vel./yo)lO(Ct.l.vel. �9 10)0202/3 

calculated 

299792458.16577 

2 .81794089 .10  -15 

9 .10939246 .10  -31 

1 .60217756.10 -19 

7 .29735303 .10  -3  

1 .05457297.10 -34 

1 .67262291.10  -27 

1 .67492825.10  -27 

1 .66054014.10 -27 

8.31454708 

1 .38066392.10  -23 

6 .67252833 .10  -1~ 

Values of cons t an t s  

re ference  [4 1 

299792458 m- s e c -  I 

2 . 8 1 7 9 4 0 9 2 ( 3 8 ) - 1 0  -15 m 

9 . 1 0 9 3 8 9 7 ( 5 4 ) - 1 0  -31 kg 

1 .60217733(49) .  10 -19  C 

7 .29735308(33) .  10 - 3  

1 .05457266(63)-  10 -34 J .sec 

1.6726231 (10) .  10 -27 kg 

1 .6749286(10) .  10 -27 kg 

1 .6605402(10) .  10 -27 kg 

8 .314510(70)  J - m o l e  -1 �9 K -1 

1 .380658(12) .  10 -23 J. K -1 

6.67259 (85) .  10-11 m 3" s e c -  2. kg - x 

The  velocities c o a n d  c can be cons idered  as cer ta in  s table  i n t e rmed ia t e  values in a t t a i n ing  c m that  lie at 

0.999 299775470.21239.  the level of the third approx imat ion  c m = 

On the basis of such r ep resen ta t ions ,  taking account  of the ,5 - 2 / 3 - f o l d  increase  of the spatial  character is t ic  

according to Eq. (3) upon conver t ing  to the funct ional ly  related space- t ime corre la t ions ,  we ob ta in  a d e p e n d e n c e  

for calculat ing the d imens ion less  value of the velocity c: 

0.999 ` 5 - 2 / 3  0.2r ]1/0.99 12 (7) 
c = c  m [( ) - E = 299792458 .16577 ,  

where  c = [(`5-2/3)0.2v"~/9999 ]1/12 = 1.0000014658262 is a quan t i ty  that  can be used as a mul t ip l ie r  that  corrects the 

level of approx imat ion  of cm, for example ,  in calculat ing Co: 

0.999 - 2 / 3  0,2v'-~ 0.009 ]1/0.99 I 1 
c o = c/E = c m I(6 ) / c  m E = 299792018 .72277 .  

(8) 

The  velocity c can also be calcula ted by means  of the second approx imat ion  of Cm: 

099 6 - 0 4 r  0 = 2 9 9 7 9 2 4 5 8 . 1 6 5 7 7  C "~ C m 
(9) 

where 0 = 1.0000179808376 is a quan t i ty  that  equal ly  with e character izes  the level of app rox ima t ion  of c m. 

T h e  quan t i t i e s  fl, y, `5, Ctl.vel., the ca lcu la ted  veloci ty of l ight  c = 299792458.  16577, the cor rec t ing  

mult ipl iers  e and  0, a n d  the ca lcula ted  quan t i ty  Y0 = 1 - 10-e8 = 0 .99924728760324 (which,  accord ing  to Eq. (1), 

is the value of w ~  at l = 10 -2e /3 ,  to which y tends)  that result  from the ana lys i s  of the sys t em of equa t ions  (1) 

and  (2) were used for d e t e r m i n i n g  f u n d a m e n t a l  physical  cons tants .  In these ca lcula t ions  the quan t i t i es  y and  

Ct.l.vel. were  e v a l u a t e d  u s i n g  c = 2 9 9 7 9 2 4 5 8 . 1 6 5 7 7  a n d  a m o u n t e d  to y = 0 . 9 9 9 2 4 0 1 8 6 8 9 3 0 5  a n d  Ctl.vel. = 

0 .10279339165197,  respectively.  
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Table 1 presents calculated dependences for determining the constants and gives a comparison of the results 

of the calculations with their reference (experimental) [4 ] values; this allows one to see the commensurabil i ty of 

the accuracy of the calculations with the accuracy of experimental determination of these constants. 

The calculated dependences were obtained on the basis of well-known relations between the fundamental  

constants that were supplemented with new ones determined from the space-time relations. 

Thus,  the well-known equation of the Coulomb interaction of electric charges 

2 2 (10) 
reC = k O eO/m e,  

where r e is the classical radius of an electron, me is the rest mass of an electron, and e 0 the elementary charge; 

k 0 = c 2- 10 -7  m / F  is the proportionality constant in Coulomb's  law (in the mks system),  was supplemented with 

the equations for calculating the i n v a r i a n t s  re c2 and koe~: 

2 t 028f12y2r - 6 c -  2 ( 1 1 ) reC (Ct.l.vel.d2 103)2 00.4 -6  

k o e~ = r3 (47 7~176 2 . (12) 

According to Eq. (11), the invariant rec 2 corresponds to the system of equations (1) and (2) transformed 

by increasing 10-fold the spatial characteristic l, recalculated to the ordinary relative characterist ic/0 according to 

Eq. (3), and subsequently raising the system to the second power. 

The  invariant koe02 is de termined according to Eq. (12) as that passing through the point with the 

coordinates I =/3 and co = 4770.2 0~ The system of equations (10)-(12) makes it possible to calculate r e, m e, 

and e 0. 
The fine-structure constant a corresponds to the transformation of the system of equations (1) and (2) by 

6 raising it to the sixth power, since the calculation is based on the quantity t3 ~ which is proportional to Wma x. 

In calculations of the masses of the proton rap, the neutron ran, and the atomic mass unit mamu., we used 

the ratio of the velocities w for a change in the conditions of constancy of the invariant re c2 of the spatial charac- 

teristic l from the minimum value l I = r e (at w I = c) to the mean value l 2 = co 2 at w 2 = (reC2)04: 

W l / W  2 = c/ (rec2)O,4 = (c/r~)O.2. (13) 

The universal gas constant R is twice the value of the maximum unit velocity Wma x" 10 upon transformation 

of the system of equations (1) and (2) by a 10-fold increase in the quantity l. 

The Planck, ~i, and, Boltzmann, k, constants are calculated from well-known relations, in particular, 

2 1/~3) 0.4C- 300.4 (14)  
= k 0 eo/(ac ) = 2or- 

while the invariant Ct i,vel and its transformation are used for determining the gravitational constant G. 

The possibility of using space-time correlations for calculating fundamental  constants with the accuracy of 

their experimental determination forms a real theoretical basis for simulation of heat and mass transfer in a single 

system of concepts  with chemical  and biochemical conversions,  especially in intensification and scaling of 

technological processes. 
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