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Influence of the wall on the droplet evaporation
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Abstract. Evaporative influence of the wall material and its thickness has been
investigated in the present study. The wall influence for heat exchangers is
particularly important in the boiling transition regime and in the event of the
Leidenfrost temperature. The experimental points significantly diverge in the
transition area of the boiling crisis. This fact can be explained by a different
residence time of droplet on the wall surface. The discrepancy between the
experimental data also takes place at the Leidenfrost temperature. The lower the
thermal diffusivity of the wall material (high thermal inertia), the more the wall is
cooled under a droplet.

1. Introduction
The efficiency of the energy apparatus is dependent on the intensity of heat and mass transfer. The
wall influence for heat exchangers is particularly important in the boiling transition regime and in the
event of the Leidenfrost temperature. Nonstationary droplet boiling with a high superheat depends on
the geometric and physical-chemical properties of the wall. The rapid droplet evaporation essentially
depends on the properties of the wall. Evaporation features of liquid batches have been studied [1-16].
Evaporative influence of the wall material and its thickness has been investigated in the present study.

2. Experimental data
Description of the experimental setup is presented in [2] (ambient temperature was 23 °C, 1 atm.,
the wall temperature was kept constant to within 1 °C, a droplet placed on the horizontal wall with the
help of microdispensers). The wall influence for heat exchangers is particularly important in the
boiling transition regime (periodic separation of the liquid from the wall) and in the event of the
Leidenfrost temperature (formation of a stable steam layer). Fig. 1 shows the total time of evaporation
of distilled water (V0 = 0.046 cm3) depending on the wall temperature by using different materials of
the working section. Work sections have the same wall thickness of 30 mm and the same class of 10
roughness. The experimental points significantly diverge in the transition area of the boiling crisis.
This fact can be explained by a different residence time of droplet on the wall surface (vapor heat


 

    

7KLVLVDQ2SHQ$FFHVVDUWLFOHGLVWULEXWHGXQGHUWKHWHUPVRIWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVHZKLFKSHUPLWV
XQUHVWULFWHGXVHGLVWULEXWLRQDQGUHSURGXFWLRQLQDQ\PHGLXPSURYLGHGWKHRULJLQDOZRUNLVSURSHUO\FLWHG

Article available at http://www.matec-conferences.org or http://dx.doi.org/10.1051/matecconf/20152301030

MATEC Web of Conferences
transfer is much lower than the liquid heat transfer). The discrepancy between the experimental data
also takes place at the Leidenfrost temperature. The lower the thermal diffusivity of the wall material
(high thermal inertia), the more the wall is cooled under a droplet. As can be seen from the graphs, the
thermal diffusivity changes boiling crisis start and the length of the transition crisis. Fig. 2 shows the
total time of evaporation of distilled water for various works. The initial droplet volume for all the
curves was similar. A significant delay for the boiling crisis [15] probably due to the formation of the
oxide film. The thermal conductivity of the oxide film is much lower copper. Type of the evaporation
curve depends on the thermal diffusivity of the wall material, its thickness and roughness.
Thus, there is a delay for the boiling crisis toward higher temperatures and heat fluxes in the
application of materials with low thermal conductivity, thin wall and the oxidized surface.
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Figure 1. The dependence of the total evaporation time( t1) for distilled water drops on the wall temperature (V0 =
0.046 cm3) for different wall materials: Curve 1 - copper (M1), Curve 2 - aluminum alloy (D16), Curve 3 stainless steel.
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Figure 2. Dependence of the total evaporation time of distilled water from the wall temperature: curve 1 - V0 =
0.046 cm³ (copper M1, the wall thickness of 30 mm, the surface roughness of the class 10; Curve 2 - 0.0465 cm³,
brass, 2 mm, grade 7 [16]; Curve 3 - 0.051 cm³, copper [15]; 4 - 0.046 cm³ copper, 30 mm, the oxidized surface;
5 - 0.046 cm³, brass, 2 mm, grade 7.
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