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ABSTRACT
This article presents an analysis of the mathematical description of the process of film condensation of vapors from
vapor-gas mixtures. Taking into account the considerable variety of effects that occur during the flow of films in
processes in which phase transformations occur, the complexity of the mathematical description of the flow of
condensate films becomes obvious. This complexity of describing the process is aggravated by the combination of
heat and mass transfer, non- isothermic, and changes in such properties as surface tension, viscosity, and density. To
describe the flow rate and film thickness during film condensation, a fundamental system of equations is used, and
the equations of dynamics and continuity in the long-wave approximation are also taken into account. The
estimation of the propagation length of nonlinear waves in condensate films with varying flow rates showed that
with an increase in the condensation intensity, the role of the proposed corrections increases, but within the limits of
the validity of the thin-film approximation does not become decisive and significant. During the description of the
process of film condensation of vapors from steam-gas mixtures, it was found that when the basic conditions are
met, the influence of undulation manifests itself mainly through an increase in the heat exchange surface, and the
contribution of surface forces to the intensification of the process, i.e., an increase in condensate consumption, is no
more than 10-12%.
Keywords: Mathematical Description, Fundamental Equations, Film Condensation, Phase Transformations,
Process, Steam-Gas Mixture, Heat Power Engineering.
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INTRODUCTION
Steam condensation from steam-gas mixtures is widely used in various processes of the chemical
industry, metallurgy, thermal power engineering, cement production, and other related fields. 1-43
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Condensation can be organized directly in the volume of the device, for example, on drops of sprayed
liquid, or on cooled surfaces.1-43 The second method of conducting the process has advantages in terms of
better controllability, as well as the possibility of reducing the amount of contaminated production waste
since the steam-gas mixture entering the condensation system often contains dust, which is captured by
the condensate and contributes to the formation of a difficult-to-separate sludge.44 This problem is typical
for the production of phosphorus and sulfur, for electric-thermal and other heat and mass transfer
processes, characterized by simultaneous condensation of vapors in the volume of the apparatus filled
with a dusty vapor gas mixture and on cooled surfaces. However, there is still practically no description
of the process of film flow over curved surfaces. When vapors from vapor-gas mixtures condense on the
cooled surfaces, even a small addition of a non-condensable component in the gas phase creates an
additional diffusion resistance near the surface of the condensate film, which increases the probability of
condensation in the volume of the vapor-gas mixture on the surface of solid particles. 45 In connection with
the above, studies aimed at revealing the regularities of the process of film condensation from a mixture
containing a finely dispersed solid phase and a large number of non-condensing gases are becoming
particularly relevant.

EXPERIMENTAL
The fundamental system of equations for describing the flow rate and film thickness during film
condensation, represented by the equations of dynamics and continuity in the long-wave approximation,
is critically analyzed and generalized. The obtained equations are the main ones for calculating the flow
rate and the thickness of the condensate film. They form a basic system for the film thickness and
condensate flow rate for the development of the device and allow taking into account the development of
wave disturbances of the condensate film profile. In this case, methods of the secular perturbation theory,
taking into account the temperature dependence of viscosity and taking into account surface forces are
used. Based on the basic principles of the mathematical description of the film condensation process and
taking into account the significant variety of effects that occur during the expiration of films in processes
in which phase transformations occur, the complexity of the mathematical description of the flow of
condensate films becomes obvious, even taking into account the results of.46-54 The complexity of
studying the process is compounded by the combination of heat and mass transfer, and non-isothermic,
changes in such properties as surface tension, viscosity, density, and much more.

RESULTS AND DISCUSSION
The fundamental system of equations for describing the flow rate and film thickness during film
condensation is given in.55 The equations of dynamics and continuity in the long-wave approximation are
described in.56,57
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The following equation is obtained for the condensate flow rate in. 58-60
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The presented equations are the main ones for calculating the flow rate and the thickness of the
condensate film. If the heat exchange surface is non-isothermal, then the dependences on the film
thickness are used as a parameter, including it in the expression for the self-similar velocity profile: 61
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Based on the above equation (6), we can write this equation in the following form:
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The resulting equations form a basic system for the film thickness and flow rate. If the temperature of the
reference surface is not constant, then it is necessary to include in the expression for the self-similar
velocity profile a dependence on the film thickness as a parameter, that is, U  U S f  , x; h  .61
Then we get a more general form of the evolutionary equation.62,63
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Usually, the intensity of the mass source at a certain distance from the starting point during film
condensation is insignificant. This allows us to use a small parameter   T r j0   T r j0 ,
where j0 - is the average condensate flow rate in an undisturbed film in the considered area. In favor of
this argument, the essential value of the heat generation value during the phase transformation also plays
j0
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You can also enter stretched slow variables   t и z  x and a fast phase variable    z,   .64

a role. In this case, you can use the balance equation:

Then the system of basic equations takes the form.62
j
  j2 
j
 3h

 A    B  B1  2  g ef h   3 K1h 3 ,

z  h 
h
z


(9)

j0
h
j
.



z
h

(10)

The coefficients in the obtained equations are disclosed as follows: 59 A 
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As a result, a system of evolutionary equations is obtained.65 In the future, for the solution of this system,
the recurrent relations are obtained by asymptotic expansions.64-67 Moreover, all systems with the
exception of the first one obey a linear law with respect to the desired functions and they are uncoupled.
A quasi-linear relationship has been established between the thicknesses and the flow rates for different
orders of decomposition between the functions of fast and slow variables.67 Taking into account the
surface pressure gradient formed due to the variable curvature of the film and which is responsible for the
dispersion of waves, appears as a complex indicator only in the zero-order. The amplitudes of waves of
higher orders increase but are not decisive.67-73 Methods for calculating the main parameters of a moving
condensate film, taking into account additional restrictions on the coefficients of the main equations, are
presented in 74. However, in real processes, taking into account such restrictions is not always mandatory
and fulfilled. Therefore, to develop an apparatus that allows taking into account the development of wave
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perturbations of the condensate film profile, we use the methods of the secular perturbation theory. The
apparatus of this theory is used by researchers in the description of nonlinear waves and solutions.
Moreover, the quasi-stationary process is in the immediate vicinity of the stability boundary of the
stationary flow regime. In this case, taking into account the slowness of the function j0 and h0 , used to
describe stationary solutions, it can be assumed with a certain assumption that j1  Lh1  , where j1  j0
and h1  h0 - are perturbations of the stationary solution of the film vapor condensation problem, L- is a
slow function. Using by analogy a system of equations describing the change in the thickness and flow
rate of the film for a cylindrical surface, we can proceed to a system of equations for a flat wall. 75,76
However, in this case, nonlinear terms appear in the equations caused by the addition of the mass and
energy of the condensate flow in the film. The next source that feeds the system is the forces of gravity.
The system obtained in this way can be uncoupled using the results of the analysis of the linearized
problem in the range of an adequate description of the qualitative behavior of small perturbations of the
stationary solution.77 The authors obtained an equation structurally characterizing the Korteweg-de Vries
equation.78 It has slowly changing coefficients and a nonlinear perturbation of the right side. The presence
of this perturbation contributes to the fact that the undamped wave solution exists only in the region of
amplitude growth and only on the neutral line, and the dispersion relation of the last equation contains a
zero imaginary part. The equation presented in has the form.79,80
h1
h
 3h1
 R1h1 1  R2
 R3h1  R4 h12 .
t

 3

(12)

In accordance with the recommendations proposed in solutions to this problem can be attributed to the
category of dissipative instability. 75-79 By transformation, it is possible to obtain an amplitude equation of
the form Landau-Ginzburg.79-81
A
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In the presented equation, there is an additional nonlinearity, the appearance of which is associated with
the presence of an average background flow. The presence of the flow is due to the additional condensate
flow rate during the phase transformation. As a result, the obtained equations form a mathematical model
that characterizes the mechanism of propagation of weakly nonlinear waves in a condensate film.
Moreover, the nature of these equations does not depend on the type and type of boundary conditions. At
the same time, through the coefficients of the derived equations, which are components of functions and
depend on stationary solutions, the structure of the equations describing the change in perturbations is
affected. The effect of the temperature dependence of the condensate viscosity on the wave propagation
conditions is described in a similar way. So, an estimate of the propagation length of nonlinear waves in
condensate films with a varying flow rate is given equations for calculating the measurement of wave
characteristics are obtained, and the conditions for the propagation of single nonlinear waves in
condensate films are clarified, the dependence of an insignificant mass source on the characteristics of
nonlinear waves is determined.75-81 Of particular interest are the studies devoted to the simulation of
condensation on surfaces of variable curvature. Profiled surfaces are widely used in heat and mass
transfer devices to intensify the processes of heat and mass transfer in liquid films. Therefore, the issues
of calculating and optimizing their form constantly attract the attention of researchers. Paper describes the
flow of a thin film of a viscous liquid over a wavy surface, i.e. a wall of variable curvature, with
sufficiently weak restrictions on the shape of the surface, but using the assumption of a constant flow rate
and a constant surface velocity of the film. 81 However, the assumption about the constancy of the surface
velocity is artificial and can be approximately fulfilled only for a film of constant flow rate in flow
sections of constant thickness. This is due to the fact that with a self-similar film profile, the ratio must be
fulfilled

j
USh

 const . At the same time, as follows from the equations for the film flow, with a variable

curvature of the reference surface and, accordingly, the film surface, the film thickness cannot be
constant. Since there are no estimates of the rate of change in the film thickness in it is difficult to judge
the reliability of the conclusions obtained in this work.82 Moreover, the assumption of a constant surface
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velocity for films of variable flow, in particular, condensate films, is incorrect. In addition, even for a thin
film, the difference between the curvature of the film surface and the curvature of the reference surface in
some cases introduces disturbances in the flow pattern. These considerations encourage us to return to the
analysis of the problem of the flow of a viscous film over a wavy surface. When talking about a thin film,
it should be borne in mind that it implies a small thickness in comparison with the characteristic
dimensions of inhomogeneities, as well as in comparison with the radius of curvature of the reference
surface at any point.
Next, we will mainly follow the presentation of the problem in the work.82 A plane problem is considered
and two coordinate systems are introduced: a reference system  X , Z  , in which an equation is given that
determines the shape of the reference surface in the form of an unambiguous function, Z  Z  X  and the
current coordinate system x, y  , where the axis x at each point is directed tangentially to the reference
surface, and the axis y - is normal to it. In this case, y it is counted from the wall surface, and x - from
the starting point, that is:
x

1

2
2
 dZ  
x   1  
  dX .
dX  
0
 


(14)

Let us further consider both the flow of a film with a constant flow rate and a condensate film.
1) Constant flow film.
From the equation of motion:


 2U
 d S
dP
 gx 

2
 dx
dx
y

(15)

And boundary conditions in the Nusselt approximation: U
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expression for the film consumption:
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The surface of an isothermal film is less strong than the assumption of a constant surface velocity. If the
velocity of the gas washing the film is small, it is possible to accept the condition without significant
errors at all   0 ; at a sufficiently high gas velocity, it can be assumed that the value of the tangential
stress  is determined by the velocity in the core of the gas flow.
With a constant flow rate, you can rewrite (16) as:
 d S 3j 3
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If, in the first approximation, for a sufficiently thin film, we assume that the curvature of its surface
differs slightly from the curvature of the reference surface, that is  S   w , and, thereby, we assume  S
independent of the thickness of the film, then when   0 it is easy to get an inequality:
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Moving on to the reference coordinate system, we get:
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The fulfillment of conditions (18) and (19) is necessary for the correctness of the approximation of a thin
film when it is possible to neglect the difference between the radii of curvature of the reference surface
and the surface of the film. However, for a thin film, you can also get an adjustment for this difference by
taking RS  R  h and the resulting relation:
 S   w   2wh .

(20)
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Moreover, for the approximation to be fair  S   w a strong inequality must be fulfilled h  1  w . Thus,
for the possibility of smooth flow of a thin film over a reference surface of variable curvature, both the
condition (19) and the inequality limiting the rate of change in the curvature of the reference surface must
be fulfilled, which is qualitatively consistent with the conclusions. 82
2) Condensate film. In this case, the system is added to the equation of motion:

Where,

I 

T
r

 2T
0,
y 2

(21)

dj I qT
,
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- boundary conditions for the thermal problem: T

y0

 Tw и T

yh

 Ts .

During the condensation of pure saturated steam, the surface temperature of the film is constant Ts  const
and at a constant wall temperature, the equality is also valid: T  TS  Tw  const taking this into account,
we obtain the following system of equations for the condensate flow rate and the film thickness:
dP h3 h 2
j
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dx 3 2
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After a number of transformations, we get from here:
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Analyzing the obtained expressions, just as it was done for a constant flow film, but taking into account
the change in flow rate and film thickness, we obtain a condition limiting the rate of change in the
curvature of the wall in the case of film condensation:
1


d S
  1  r 3  2

 gx  .




dx
   6 qT X 



(26)

Taking into account the temperature dependence of the viscosity, instead of (26), we can obtain:
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Then we can write the following relation:
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From which the inequality follows 82:
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At the same time   0 the situation looks much simpler:
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This condition is the same for a condensate film and for a film with a constant flow rate, regardless of the
temperature dependence of the viscosity. For the condensation of stationary steam, the neglect of
tangential stresses at the liquid-vapor boundary is quite acceptable. In this case, we obtain a solution of
the equation in the form similar to the Nusseltovian:
4

h 

4I

dP dx4 3

X

1

 dP  3
  dx  dx .
0

(32)

If we accept  S   w , then the expression (32) can be considered as a calculation formula. At the same
time, the expression (32) remains valid even under the condition (20), but it turns out that it is no longer a
calculation formula, but an integrodifferential equation that requires a solution. The surface was used as a
  0 , where A и L - characteristic
reference for the numerical experiment: Z  A 1  sin X L ;



 

dimensions of undulation. The experimental results show that at a low condensation intensity, the role of
correction  2S h is small and its value increases with the increase in the characteristic size of the waviness,
especially its amplitude. At very small characteristic sizes ( A <0,001; L  0,005 ), and also, when
A  OL  the calculation according to the described method becomes impossible, since both the condition
of the smallness of the film thickness in comparison with the size of inhomogeneity the condition (20) are
violated. With an increase in the condensation intensity, the role of the correction (20) increases, but it
does not become decisive within the validity of the thin-film approximation. Note that when the above
conditions are met, the influence of undulation is manifested mainly through an increase in the heat
exchange surface, and the contribution of surface forces to the intensification of the process, i.e., an
increase in condensate consumption, is no more than 10-12%. Therefore, in our opinion, the estimates
(20) and (32) should be kept in mind in those cases, when designing and optimizing the heat exchange
surface, it is desirable to achieve a noticeable intensification of the process not only by increasing the heat
exchange surface but also by using effects due to surface forces. Further studies showed the prospects of
the obtained data.83-91

CONCLUSION
Based on the analysis of the mathematical description and transformations of the process of film
condensation of vapors from vapor-gas mixtures, the following conclusions can be drawn:
 A fundamental system of equations is used to describe the flow rate and thickness of the film
during film condensation, and the equations of dynamics and continuity in the long-wave
approximation are also taken into account.
 An estimate of the propagation length of nonlinear waves in condensate films with varying flow
rate has been established, which showed that with an increase in the condensation intensity, the
role of the proposed corrections increases, but does not become decisive within the validity of the
thin-film approximation.
 When the above conditions are met, the effect of undulation is manifested mainly through an
increase in the heat exchange surface, and the increase in condensate consumption is in the
comparable range from 10 to 12%.

REFERENCES
1. Zaure Karshigina, Zinesh Abisheva, Yelena Bochevskaya, Ata Akcil, ElmiraSargelova, Bulat
Sukurov, Igor Silachyov, Mineral Processing and Extractive Metal, 39, 319(2018),
https://doi.org/10.1080/08827508.2018.1434778
2. I. Volokitina, E. Siziakova, R. Fediuk, A. Kolesnikov, Materials, 15, 4930(2022),
https://doi.org/10.3390/ma15144930.
3. N.V.
Vasilyeva,
O.O.
Erokhina,
Obogashchenie
Rud,
4,
42(2020),
https://doi.org/10.17580/or.2020.04.07
4. K. Irshat, R. Petr, R. Irina, International Multi-Conference on Industrial Engineering and Modern
Technologies
(FarEastCon),
Vladivostok,
Russia,
1-4(2018),
https://doi.org/10.1109/FarEastCon.2018.8602796
1911
FILM CONDENSATION OF VAPORS FROM STEAM-GAS MIXTURES

V. G. Golubev et al.

Vol. 15 | No. 3 |1905-1915| July - September | 2022

5. N. Zhangabay, B. Sapargaliyeva, A. Utelbayeva, A. Kolesnikov, M.Yermakhanov, S. Mussayeva,
Materials , 15, 4996(2022), https://doi.org/10.3390/ma15144996
6. N.V. Vasilyeva, A.V. Boikov, O.O. Erokhina, A.Yu. Trifonov, Journal of Mining Institute, 1,
82(2021), https://doi.org/10.31897/PMI.2021.1.9
7. K.S. Nadirov, M.K. Zhantasov, B.A. Sakybayev, A.K. Orynbasarov, International Journal of
Adhesion and Adhesives, 78, 195(2017), https://doi.org/10.1016/j.ijadhadh.2017.07.001
8. N.V. Vasilieva, E.R. Fedorova, Tsvetnye Metally (Non-Ferrous Metals), 10, 70(2020),
https://doi.org/10.17580/tsm.2020.10.10
9. A. E. Filin, T. I. Ovchinnikova, O. M. Zinovieva, A. M. Merkulova, Gornyi Zhurnal, 3, 67(2020),
https://doi.org/10.17580/gzh.2020.03.13.
10. E. Yu. Kulikova, S. V. Balovtsev. IOP Conference Series: Materials Science and Engineering, 962(4),
(2020), https://doi.org/10.1088/1757-899X/962/4/042020.
11. B. Satbaev, S. Yefremova, A. Zharmenov, A. Kablanbekov, S. Yermishin, N. Shalabaev, Materials,
14, 4119(2021), https://doi.org/10.3390/ma14154119
12. Natalia Vasilyeva, Elmira Fedorova, Alexandr Kolesnikov. Symmetry, 5, 859(2021),
https://doi.org/10.3390/sym13050859
13. Romanova I., IOP Conference Series: Materials Science and Engineering, 032016 (2018),
https://doi.org/10.1088/1757-899X/365/3/032016
14. N.N. Zhanikulov, T.M. Khudyakova, B.T. Taimasov, B.K. Sarsenbayev, M.S. Dauletiarov, A.S.
Kolesnikov, R.O. Karshygayev, Eurasian Chemico-Technological Journal, 4, 333(2019),
https://doi.org/10.18321/ectj890
15. A.S.
Kolesnikov,
Russian
Journal
of
Non-Ferrous
Metals,
56,
1(2015),
https://doi.org/10.3103/S1067821215010113
16. A. Boikov, V. Payor, R. Savelev, A. Kolesnikov, Symmetry, 7, 1176(2021),
https://doi.org/10.3390/sym13071176
17. A. Kolesnikov, R. Fediuk, M. Amran, S. Klyuev, I. Volokitina, Materials, 15(7), 2542(2022),
https://doi.org/10.3390/ma15072542
18. A. Volokitin, A. Naizabekov, I. Volokitina, A. Kolesnikov, Journal of Chemical Technology and
Metallurgy, 57(4),809(2022).
19. V. P. Bondarenko, K. S. Nadirov, V. G. Golubev, A.S. Kolesnikov, Neftyanoe Khozyaystvo (Oil
Industry), 1, 58(2017), https://doi.org/OIJ-2017-01-058-060-RU
20. Andrianov, I.K. International Science and Technology Conference "Eastconf", Vladivostok, Russia
pp. 1-4(2019), https://doi.org/10.1109/FarEastCon.2019.8934017
21. A.S. Kolesnikov, G.S. Kenzhibaeva, N. E. Botabaev A. N. Kutzhanova, G. M. Iztleuov, Refractories
and Industrial Ceramics, 3, 289(2020), https://doi.org/10.1007/s11148-020-00474-4
22. A. B. Bayeshov, T.E. Gaipov, A.K. Bayeshova, A.V. Kolesnikov, News of the National Academy of
Sciences of the Republic of Kazakhstan-Series Chemistry and Technology, 6, 96(2018),
https://doi.org/10.32014/2018.2518-1491.31
23. A. S. Kolesnikov, B. E. Serikbaev, A. L. Zolkin, G. S. G. S. Kenzhibaeva, G. I. Isaev, Refractories
and Industrial Ceramics, 62, 4, 375(2021). https://doi.org/10.1007/s11148-021-00611-7
24. I.K. Andrianov, et. al, International Science and Technology Conference "Eastconf", Vladivostok,
Russia pp.1-3(2019), https://doi.org/10.1109/EastConf.2019.8725322
25. V.N. Volodin, S.A. Trebukhov, N.M. Burabaeva, A.V. Nitsenko, Russian Journal of Physical
Chemistry A, 5, 800(2017), https://doi.org/10.1134 / S0036024417050296
26. Aigul Mamуrbekova, A. Mamitova and Аizhan Mamyrbekova, Rasayan Journal of Chemistry, 3,
486(2016).
27. A. Vlasyuk, V. Zhukovskyy, N. Zhukovska, O. Pinchuk, and H. Rajab, WSEAS Transactions on
Applied and Theoretical Mechanic, 15, 52(2020), https://doi.org/10.37394/232011.2020.15.8
28. N.V. Vasilyeva, P.V. Ivanov. Journal of Physics: Conference Series, 1354, 012065(2019),
https://doi.org/10.1088/1742-6596/1384/1/012065
29. A.B. Makhanbetov, B.E. Myrzabekov, T.E. Gaipov, A.Tazhibayev, U.A. Abduvaliyeva, Rasayan
Journal of Chemistry, 14(4), 2202(2021), https://doi.org/10.31788/RJC.2021.1446491
1912
FILM CONDENSATION OF VAPORS FROM STEAM-GAS MIXTURES

V. G. Golubev et al.

Vol. 15 | No. 3 |1905-1915| July - September | 2022

30. Aizhan Mamyrbekova, A.D. Mamitova, M.K. Kassymova, Zh. Aitbayeva, G.E. Shimirova, Zh. E.
Daribayev and D. Tanatar, Rasayan Journal of Chemistry, 13(4), 2332(2020),
https://doi.org/10.31788/RJC.2020.1345761
31. S. D. Sokova, N. V. Smirnova. Journal of Physics: Conference Series: IOP Conf. Series, 012046, рр.
1-6(2019), https://doi.org/10.1088/1742-6596/1425/1/012046
32. I.K. Andrianov. International science and technology conference "Eastconf", Vladivostok, Russia pp.
1-3(2019), https://doi.org/10.1109/FarEastCon.2019.8933949.
33. A. P. Vlasyuk, N. A. Zhukovska, and V. V. Zhukovskyy, Mathematical Modeling and Computing, 1,
196(2020), https://doi.org/10.23939/mmc2020.01.196
34. Y. Raiymbekov, U. Besterekov, U. Nazarbek, P. Abdurazova, Rasayan Journal of Chemistry, 14(1),
46(2021), https://doi.org/10.31788/RJC.2021.1416080
35. A. Boikov, R. Savelev, V. Payor, N. Vasileva, Journal of Physics: Conference Series, 1210,
012025(2019), https://doi.org/10.1088/1742-6596/1210/1/012025
36. S. D. Sokova, N. V. Smirnova, MATEC Web of Conferences: IPICSE-2018, рр. 1-10(2018),
https://doi.org/10.1051/matecconf/201825106018
37. Aigul Mаmyrbekova, A. Mamitova, Aizhan Mаmyrbekova, Russian Journal of Physical Chemistry A,
92, 582(2018), https://doi.org/10.1134/S00360244180301841
38. I. Volokitina, N. Vasilyeva, R. Fediuk, A. Kolesnikov, Materials, 15, 3975(2022),
https://doi.org/10.3390/ma15113975
39. S.V.
Efremova,
Russian
Journal of General Chemistry,
82,
963(2012),
https://doi.org/10.1134/S1070363212050295
40. M. Kambatyrov, U. Nazarbek, P. Abdurazova, et al., Rasayan Journal of Chemistry, 13(3),
1308(2020), https://doi.org/10.31788/RJC.2020.1335729
41. B. E. Myrzabekov, A. B. Bayeshov, A. B. Makhanbetov, B. Mishra, O. S. Baigenzhenov,
Metallurgical and Materials Transactions B, 49, 23(2018), https://doi.org/10.1007/s11663-0171139-x
42. S. V. Efremova, Yu. M. Korolev, Yu. I. Sukharnikov, Doklady Chemistry, 419, 78(2008),
https://doi.org/10.1134/S0012500808030099
43. Aigul K. Mamуrbekova, A.D. Mamitova, Aizhan K. Mamуrbekova, Russian Journal of Physical
Chemistry А, 90, 1265(2016), https://doi.org/10.1134/S003602441606011X
44. V. G. Golubev, A.M. Brenner, O. S. Balabekov, Heat and Mass Transfer in Chemical and
Technological Devices, Collection of Scientific Papers, Minsk, Belarus, pp. 66-69(1992).
45. V. G. Golubev, A.M. Brener, A. R. Taubaeva, Catalytic and Electrochemical Processes of Chemical
Technology, Nter-university Collection of Scientific Works, Shymkent, Kazakhstan, pр. 4-9(1990)
46. A. M. Brener, N. P. Bolgov, M. T. Kaziev, E. M. Orymbetov, Theoretical Foundations of Chemical
Technology, 21, 126(1987).
47. A.M. Brener, O.Ch. Balabekov, Modelling of Heat and Mass Transfer between Drops and Gas
nearby the Unit of Packing, International Conference on Advanced Computational Methods in
Engineering, Ghent. Belgium, pp. 2-4(1998).
48. P.N. Romanenko, Hydrodynamics and Heat and Mass Transfer in the Boundary Layer, Energiya,
Moscow, р. 380(1974).
49. R.J. Pugh, Advances in Colloid and Interface Science, 64, 64(1996).
50. Z. Fang, M.S. Ingber, A.A. Mammoli, Computational Methods in Multiphase Flow, Southampton,
Boston. рр.229-239(2001).
51. S.R. Subia, M.S. Ingber, L.A. Mondy, S.A. Altobelli, A.L. Grahman, Journal of Fluid Mechanics,
373, 193(1998).
52. S.C. Jana, B. Kapoor, A. Acrios, Journal Rheology, 39, 1123-1132(1995).
53. E. Lorenzini, C. Biserni, Method In Heat Transfer, WIT Press. Southampton, Boston, 2, 215223(2002).
54. H.D. Falter, E. Fusion Technology, 29, 584(1996).
55. V.M. Kays, A.L. London, Сompact heat exchangers, Energiya, Moscow, р. 224(1967).
1913
FILM CONDENSATION OF VAPORS FROM STEAM-GAS MIXTURES

V. G. Golubev et al.

Vol. 15 | No. 3 |1905-1915| July - September | 2022

56. R.K. Shah, Heat Exchangers: Thermal Hydraulic Fundamentals and Design, Hemisphere,
Washington, DC, pp. 455-459(1981).
57. A.F. Gavrilov, B.M. Malkin, Pollution and Cleaning of Heating Surfaces of Boiler Installations,
Energiya, Moscow, р.328(1980).
58. A. Zhukauskas, I. Zhyugzhda, Heat Transfer of A Cylinder in a Transverse Fluid Flow, Mokslas,
Vilnius, р. 240(1979).
59. N.V. Kuznecov, I.F. Pshenisnov, Heat Power Engineering, 8, 42(1974).
60. A.A. Zukauskas, Advances In Heat Transfer, 8, 93(1972).
61. G. Shlihting. Boundary layer theory, Nauka, Moscow, р.712(1974).
62. D.F. Dipprey, R.H. Sabersky, International Journal Heat and Mass Transfer, 6, 329(1963).
63. S. Goldshtejn, The current state of fluid hydroaerodynamics, Moscow, р.407(1978).
64. V. G. Golubev, M. I. Akylbayev, Science and Education of Southern Kazakhstan, 8, 26(2000).
65. A. M. Brener, M. B. Yugay, V. G. Golubev, Science and Education of Southern Kazakhstan, 4,
47(1998).
66. V. G. Golubev, International Conference Processes and Apparatuses of Chemical Technology,
Shymkent, Kazakhstan, 4, 48(2001).
67. M. I. Akylbayev, V. G. Golubev, K. K. Nauryzbayev, International Conference History and
Modernity, Shymkent, Kazakhstan, 4,122(2000).
68. V. G. Golubev, International Conference Processes and Devices of Chemical Technology, Shymkent,
Kazakhstan, 2, 144(2001).
69. V.G. Golubev, Z.A. Balabekov, International Conference Processes and Devices of Chemical
Technology, Shymkent, Kazakhstan, 2, 132(2001).
70. V. G. Golubev, M. I. Akylbayev, International Conference Processes and Devices of Chemical
Technology, Shymkent, Kazakhstan, 2, 371(2001).
71. V. G. Golubev, A.M. Brener, Theoretical Foundations of Chemical Technology, 36, 141(2002).
72. V. G. Golubev, Z. A. Balabekov, K. K. Nauryzbayev, Republican Scientific and Practical Conference
Theory and Practice of Resource and Energy saving intensification in chemical technology and
Metallurgy- Shymkent, Almaty, Kazakhstan M. Auezov SKSU, 3, 102(2000).
73. V.G. Golubev, Z.A. Balabekov, Science and Education of Southern Kazakhstan, 8, 158(2001).
74. V.G. Golubev, Z. A. Balabekov, N. T. Seitkhanov, International Scientific and Technical Conference.
Modern Problems of Chemical Technology of Inorganic Substances, Odessa, Ukraine, 7, 15(2001).
75. Z. A. Balabekov, V. G. Golubev, International Scientific and Practical Conference, Valikhan
readings-6, Kokshetau, Kazakhstan, 3,56(2001).
76. Z. A. Balabekov, V. G. Golubev, International Conference Modern Problems of Mechanics, Almaty,
Kazakhstan, 1, 70(2001).
77. V. G. Golubev, Z. A. Balabekov, International Scientific and Practical Conference Auezov Readings3, Shymkent, Kazakhstan, 3, 123(2002).
78. Z. A. Balabekov, V. G. Golubev, K. K. Nauryzbayev, Search, 3, 231(2002).
79. V. G. Golubev, Z. A. Balabekov, Search, 4, 159(2002).
80. V.G. Golubev, Heat and Mass Transfer during Vapor Condensation from Dusty Steam-gas Mixtures,
Kitap Palatasy, Almaty, p. 130(2002).
81. A. M. Brener, L. M. Rabinovich, M. G. Slinko, V. G. Golubev, All-Union Conference Chemreaktor9, Grodno, Belarus, 4, 386(1986).
82. A. M. Brener, G. G. Almendinger, V. I. Naydenov, V. V. Dilman, V. G. Golubev, 14 Mendeleev
Congress on General and Applied Chemistry, Tashkent, Uzbekistan, 4, 219(1980).
83. A.S. Kolesnikov, I.V. Sergeeva, N.E. Botabaev, A.Z. Al’Zhanova, K.A. Ashirbaev, Izvestiya Ferrous
Metallurgy, 9, 759(2017), https://doi.org/10.17073/0368-0797-2017-9-759-765
84. R. Lukpanov, D. Dyusembinov, Z. Shakhmov, D. Tsygulov, Y. Aibuldinov, N. I. Vatin, Crystals, 2,
161(2022), https://doi.org/10.3390/cryst12020161
85. A. Levdanskiy, E. Fedarovich, А. Kovaleva, D. Sarsenbekuly, D. Zhumadullayev, News of the
National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical
Sciences, 5, 97(2020) https://doi.org/10.32014/2020.2518-170X.109
1914
FILM CONDENSATION OF VAPORS FROM STEAM-GAS MIXTURES

V. G. Golubev et al.

Vol. 15 | No. 3 |1905-1915| July - September | 2022

86. K.S. Nadirov, M.K. Zhantasov, R.S. Turemuratov, N.E. Botabaev, D. Zhantasova, Chemistry Today,
1, 72(2016)
87. R.E. Lukpanov, D.S. Dyussembinov, Y.B. Utepov, D.O. Bazarbayev, D.V. Tsygulyov, S.B.
Yenkebayev, Z.A. Shakhmov, Magazine of Civil Engineering, 3, 10313(2021),
https://doi.org/10.34910/MCE.103.13
88. D. Chyrkun, A. Levdanskiy, S. Yarmolik, V. Golubev, D. Zhumadullayev, News of the National
Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences, 3,
129(2021)
89. A.O. Kazenova, A.M. Brener, V.G. Golubev, G. Kenzhalieva, Chemical Engineering Transactions,
57, 835(2017), https://doi.org/10.32014/2019.2518-1491.79
90. A. Brener, V. Golubev, A. Kazenova, A. Sadyrbaeva, A. Kenzhalieva, Novel Considerations on the
Scaling of Rate Kernels in the Equations of Cluster Aggregation, IOP Conf. Series: Journal of
Physics: Conf. Series, pp.1-7(2019).
91. A. Kazenova, V. Golubev, A. Brener, A. Bekaulova, U. Usipbayev, Modeling the Outflow of Thick
Sediments from Buffer Tanks and Discharge Pipelines, AIP Conference Proceedings, Malta, 2018.
2022, 020025-1-020025-6, https://doi.org/10.1063/1.5060705
[RJC-6695/2021]

1915
FILM CONDENSATION OF VAPORS FROM STEAM-GAS MIXTURES

V. G. Golubev et al.

