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Abstract. The purpose of the work is description of the processes occurring in the liquefied 

natural gas heater-gasifier having small duration of transition process upon transition to the 

stationary mode at the flow volume change on the basis of mathematical modeling of the 

thermo- and hydrodynamics of multiphase mist flows with swirling of the stream. 

1. Introduction 
The current of a gas mixture in the Field-tube which is the concentric canal formed by internal and 

external cylindrical surfaces is researched for the purpose of calculation of parameters of the tube 

heater of the liquefied natural gas (LNG). The difference of the offered device from the existing 

analogs consists that on an input in the internal cylinder liquid is sprayed and further moves in the 

form of a vapour-droplet mixture. Because regasification is carried out as a result of heating and 

evaporation of a vapour-droplet mixture, process happens without formation of the critical 

phenomena, to a small inertance regarding the flow volume. The external surface of the device heats 

up, there is a heating of a moving gas mixture and evaporation of drops of liquid. The device can be 

used as the heat-absorption element of the LNG tube heater-gasifier intended for heating of natural gas 

on an input of gas distribution stations. In the course of the gas suspension motion, depending on the 

mode of a current and value of an external heat flow, there can be processes of coagulation, 

fragmentation, evaporation of drops influencing flow pattern and flow characteristics of the device. 

For the heat-absorption element design parameters and its operating regime – dispersibility on an 

input, input-output pressure differential and external heat flow values – choice it is required to 

simulate the processes accompanying the vapour-droplet mixture current. In this work the model 

allowing describing a polydisperse mixture flowing taking into account different fractions particles’ 

coagulation and fragmentation is described. 

2. Technological heater 
The classical scheme of the re-gasifier heating dripping liquid is quoted in [1]. The heated medium, for 

example, purified natural gas, from the trunk pipeline comes via the connecting pipe 4 to an internal 

cavity 6 of the internal heat-exchanging pipe 2, then goes out through the open end of an internal pipe 

2, turns and gets into the external cavity 7 formed by a annular gap between external 1 and internal 2 

heat pipes. The gas heated in annular gaps of heat-exchange pipes comes to the output connecting pipe 

5 and is transported to the reduction block of gas-distribution station (Figure 1). 
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Figure 1. The diagrammatic representation of the 

technological heater (Field-tube) in section. 

3. Mathematical model of the processes occurring in Field-tube 
The carrier phase motion equations: 
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Here ρ, u, v, w, ui, vi, wi, E, λ, µ, di, σ – density of the carrying medium, the carrying medium and 

disperse phase fractions velocity components, specific total energy, coefficients of heat conductivity 

and viscosity of the carrier phase, i-fraction’s drop diameter and liquid’s surface tension coefficient 

[2]. 

The disperse phase consists of a number of fractions formed by same size particles which dynamics is 

described by the fraction’s average density conservation equation, components of an impulse 

conservation equations and the thermal energy conservation equation: 
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Here αi, ρi, ei, Ti – volume content, average density, thermal energy and the disperse phase 

temperature; Cpi, ρi0 – heat capacity and substance density of dispersed fraction i. The system of 

equations of each dispersed fraction motion contains the equation for an impulse azimuth component, 

written down in the assumption of azimuth symmetry of a stream at its rotation. The Benedict-Webb-

Rubin state equation has been applied as the thermal equation of state for the carrier phase [3]: 
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coefficients a, A0, b, B0, c, C0, α, ρ are determined by the known values of density, pressure and 

temperature of methane in a vaporous state. 

The system of equations of two-phase polydisperse gas-suspension motion was written in the 

generalized movable coordinates [4, 5, 6] and was solved by an explicit second-order Mac-Cormack 

method with the nonlinear correction scheme [7, 8]. 

4. Disperse phase fractions’ drops coagulation and fragmentation 

Drops’ coagulation and fragmentation occur depending on the Weber number values for disperse 

fraction particles. If Weber's number for a particle of i-fraction is less than critical value (Wecr = 2-10), 

then at its collisions with smaller fractions’ particles, coagulation take place therefore mass, 

concentration, an impulse and temperature of i-fraction particle change. This process is described by 

Smoluchowski Lagrangian model [6]. If i-fraction particle Weber number is more than critical, then 

the motion of such particle is followed by the gas-dynamic fragmentation leading to reduction of i-

fraction particle mass. As the drop destruction mechanism the dish-shaped type of fragmentation 

connected with boundary-layer separation [9, 10], which is implemented at Wecr≤We<1.7·10
4
/Lp

0.5
 

can be chosen. 

Calculations were conducted on the block structured meshes constructed for three subareas (Figure 2). 

Boundary conditions on blocks docking lines were set taking into account the direction of a current. 

Pressure on an input to a subarea I and pressure at the output from area III was set. Carrying medium 

and disperse fractions velocities in the area I was set in initial time point. Medium was assumed 

motionless in II and III areas at t = 0. 

 

Figure 2. Diagrammatic representation of 

computational region: I, II, III - block 

structured mesh’s subareas. 

As a calculation result gas-dynamic functions fields of the carrying medium and a number of disperse 

fractions which particles, depending on Weber number participated in coagulation and fragmentation 

processes have been received. 

Acknowledgments 
This research is executed with support of the RFBR and Tatarstan Republic government (project No. 

18-48-160017) on the state instructions of the Ministry of Education and Science of the Russian 

Federation to Higher Education Institutions (project No. 9.5542.2017/6.7). 

References 

[1] Serazetdinov B F, Serazetdinov F Sh, Tonkonog V G 2012 Technological heater: stalemate. on an 

invention No. 2467260. (in Russian) 

[2] Nigmatullin R I 1987 Dynamics of multiphase mediums (in Russian) P. I. (M.: Science) p 464  

[3] Read R, Prausnits J, Sherwood T 1982 Gases and liquids properties (in Russian) (Leningrad: 

Chemistry) 496 pages 



4

1234567890‘’“”

IETEM IOP Publishing

IOP Conf. Series: Materials Science and Engineering 412 (2018) 012077 doi:10.1088/1757-899X/412/1/012077

[4] Tukmakov A L, Tonkonog V G, Arslanova S N 2016 Wave coagulation of a polydisperse gas-

suspension in technology of gasification and cryostatting of liquefied natural gas (in Russian) 

Acoustic Journal V 62 No 1 pp 125-131 

[5] Kutushev A G 2003 Mathematical modeling of wave processes in aero disperse and powdery 

mediums (in Russian) (SPb.: Publishing house Nedra) p 283  

[6] Alemasov V E et al 1971 Thermodynamic and thermal properties of combustion products: the 

reference book in 5 V. V. 1. Calculation methods (in Russian) (M.: VINITI publishing house) p 

267 

[7] Fletcher K 1991 Computational methods in liquid dynamics (in Russian) V. 2. (M.: World) 551 

pages 

[8] Steger J L 1978 Implicit Finite-Difference Simulation of Flow about Arbitrary Two-Dimensional 

Geometries AIAA J. V. 16 No. 7 pp 679-686 

[9]  Arefyev K Yu, Voronetsky A V 2015 Modeling of process of drops fragmentation and 

evaporation of nonreacting liquid in the high enthalpy gasdynamic streams Thermophysics and 

aeromechanics V 22 No 5 pp 609-620 

[10] Samoylovich G S 1990 Hydraulic gas dynamics (M.: Mechanical engineering) p 384 

 


