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SUPPLEMENTARY MATERIALS

“SIMULATION OF FILMWISE CONDENSATION OF STATIONARY AND
MOVING VAPOUR ON HORIZONTAL TUBE USING VOF”

K B. Minko, V. I. Artemov, A. A. Klementiev
Email: minkokb@gmail.com
1D STEFAN PROBLEM

Modeling of one-dimensional flat film condensation (Stefan's problem) is performed. The

problem statement is shown in Figure D.1.
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Figure D.1 — One-dimensional film condensation

The problem considers the case when the liquid phase is at the left wall and is stationary,

and the vapor phase is at saturation temperature. The wall temperature 7, is less than 7, . The
position of the interfacial surface and the velocity of the vapor phase are equal:
S(z)=x, =24\Jaz, u, = A %L1y .1
T Pe
where a, =4, /(pc,,) — the thermal diffusivity. The parameter A is found from the solution of a

nonlinear equation:
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where Ja' — modified Jacob number, erf(x) =%J.e’7 ‘d y —error integral function.
o

Pentane was considered as a working fluid at atmospheric pressure, the properties of which

are presented in Table 1 (see the article). Temperature difference AT =7, -7, =20K. Jacobi
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number Ja" =0.13 . The width of the computational domain in Figure D.1 is 1 mm. The results of
simulations performed on different meshes are presented in Figure D.2. Figure D.2. presents data
for a uniform grid with the number of CV 50 and 100 and data for an non-uniform mesh with a
total number of CV equal to 200, the ratio of the maximum width of CV to the minimum equal to

5 with a constant inflation ratio.
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1 —eq. (D.1), uniform mesh: 2 — 50 CV, 3 — 100 CV, non-uniform mesh: 4 — 200 CV with
maximum to minimum CV width equals to 5

Figure D.2 — Simulation results for Stefan's problem

CONDENSATION ON THE PLATE

The simulation of condensation on a vertical plate is performed. The formulation of the

problem is shown in Figure D.3. At the input boundary for 0<x<J,, a liquid with specified
velocity and temperature distributions cotresponding to the Nusselt solution for a thick film o,

was supplied, at inlet boundary for &, <x <}V a constant velocity value equal to the velocity of

the condensate film on the interfacial surface and the saturation temperature. The wall surface was

considered isothermal. At the output and right boundaries (Figure D.3.), pressure distributions

B, = (pg —p) (g-x) were set based on the known distribution of static pressure in a vapor "at

infinity". For the remaining variables, standard output boundary conditions were set, if the
boundary became the input, then it was assumed that saturated vapor was entering the region at
temperature 7., . The mesh was constructed as follows: a section with a uniform grid along the x
thickness, followed by an increase in the size of the CV by 5%; along the y axis — a uniform grid.
As an input parameter for the construction of the grid, the number of CV per the thickness of the

film at the input was set. The size of the CV in Figure D.4 is indicated by Ax,.

The solution was compared with Nusselt's solution:
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The eq. (D.3) considers the subcooling of condensate.
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Figure D.3 — Condensation on a vertical plate
The simulation results for the case of pentane condensation at and the initial film thickness
corresponding to the Reynolds number of the film equal to 10 are shown in Figure D.4. The height

of the plate H was assumed to be 20 mm.
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Figure D.4. — Condensation of pentane vapor at AT =20 °C and the initial film thickness

corresponding to the Reynolds number of the film equal to 10. 1 — Nusselt solution, 2-4 — results
obtained on meshed with dimensions 8,/ Ax,: 2 —5,3 —10, 4 — 15. The number of CV along the

plate is 50




