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Abstract — The onset time of natural convection driven by buoyancy forces and surface tension gradients is analysed
theoretically in the initially quiescent horizontal fluid layers. The fluid layers experience the rapid evaporative cooling at the
upper free surface. For this system, the stability analysis is conducted on the basis of the propagation theory that considers
the time-dependent properties of disturbances and the nonlinear base temperature profiles. The onset time of natural con-
vection has been governed by the Rayleigh number and the Marangoni number which represent the buoyancy-force and sur-
face-tension effects, respectively. The buoyancy forces and surface-tension gradients reinforce each other to induce natural

convection. The results of the present analysis explain the experimental data of propanol reasonably.
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Fig. 1. Schematic diagram of the present system.
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Table 1. Numerical values of critical conditions

Ma* 0 10 20 30 44 60 70 80 9} 100 102.2
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: vertical velocity component
: dimensionless velocity component of vertical direction
: dimensionless Cartesian coordinate

Nx € gc" 4

: vertical distance

azjojx 2xt

: thermal diffusivity

: thermal expansion coefficient
: thermal penetration depth

: Kronecker delta

: —dSAdT

: similarity variable, z/8

o o™ R

2

: dimensionless temperature
: kinematic viscosity

: viscosity

: density

a O E < Doy <

: dimensionless time

A

* : amplitude function for perturbation quantities

BIMX}

c : critical state
0 : observable state
: reference state

: base quantities

: disturbed quantities
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