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ABSTRACT 
 In this paper, a series of evaporation experiments 
were carried out on a cylindrical pool. From these 
experimental results, we obtain the axial temperature 
distribution of the ethanol evaporation process, and 
compare the results of different heating temperatures at 
different depths. The results indicate that the 
evaporation of ethanol with different depths will bring 
different flow patterns, thus changing the temperature 
distribution. At the same time, we also determined the 
temperature jump range of ethanol evaporation in 
cylindrical pool heated from the bottom. 
 
Keywords: evaporation, cylindrical pool, temperature-
jump. 

1. INTRODUCTION 
Evaporation process widely exists in nature and 

engineering technology. It is a typical non-equilibrium 
thermodynamic process. At present, evaporation 
process widely exists in perovskite solar cell processing[1], 
modern agricultural technology[2], inkjet printing[3], 
electronic testing[4], solar steam generator[5] and other 
technical fields, and has an important impact on the 
quality of finished products in the above process. 
Therefore, it is necessary to have a further study on the 
evaporation process.  

At present, there are three main theories about 
evaporation process: Hertz−Knudsen theory [i.e., kinetic 
theory of gases (KTG)[6]], statistical rate theory (SRT)[7,8], 
and non-equilibrium thermodynamics (NET)[9]. In the 
KTG model, evaporation occurs in the vapor layer with 
several molecular average free path thicknesses near the 
gas-liquid interface. This vapor layer is called the 
Knudsen layer, During the evaporation process, 
molecules will enter the liquid phase from the vapor 
phase, and molecules will also enter the gas phase from 
the liquid phase. 
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In the evaporation process, according to the KTG 
theory mentioned above, the discontinuity process is 
assumed to occur only in the Knudsen layer. At this time, 
the temperature on both sides of the Knudsen layer can 
be regarded as the vapor temperature and the liquid 
temperature near the vapor-liquid interface. At this time, 
the temperature difference between the two 
temperatures is the temperature jump of the vapor-
liquid interface. Many studies[10–13] have confirmed the 
existence of temperature discontinuity at the vapor-
liquid interface by direct measurement using micro-
thermocouples. The results of kinetic theory model[14], 
Monte Carlo simulation[15] and molecular dynamics 
simulation[16] have confirmed that the existence of 
temperature jump. 

Among the temperature-jump measured by the 
evaporation experiment at low-pressure, the 
temperature of vapor side is higher than the liquid side. 
However, when evaporating in an open environment at 
atmospheric phenomenon, the relative temperature of 
the two-phase side of the interface is reversed, This is 
also verified in some studies[11,17]. 

In summary, there are a large number of 
experimental and theoretical studies. However, the 
temperature jump of ethanol evaporation process at low 
pressure and the range of temperature jump have not 
been determined. Here, we have conducted a series of 
evaporation experiments on the liquid-vapor interfacial 
in a cylindrical pool. Through the micro thermocouple, 
we can get the temperature distribution of the vapor and 
liquid phase, and determine the value of the 
temperature jump. 

 

2. EXPERIMENTAL INVESTIGATION 

2.1 Experimental Setup 

The experimental components is shown in Fig. 1. The 
whole experimental system is mainly composed of 
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sealing evaporation cavity, liquid injection system, 
temperature control and measurement system, pressure 
control and measurement system and data acquisition 
system. The cylindrical pool is made by red copper. The 
cylindrical pool is placed at the bottom of a closed sealing 
evaporation cavity with a wall thickness of 10 mm. The 
low pressure environment is maintained by a rotary vane 
vacuum pump, and the vapor pressure can be precisely 
controlled by a metering valve and monitored in real 
time through a pressure transducer (CDG025D, 
INFICON). The sensor is 100 mm away from the vapor-
liquid interface. The inner diameter and depth of the 
cylindrical pool are 80 mm and 35 mm. The temperature 
measurement position is 10 mm away from the center 
line of the cylindrical pool. Figs. 2 is the three-
dimensional model diagram. 

 

 
Fig. 1 Schematic of the experimental system 

 
Fig. 2 The cylindrical pool and the laser 

displacement sensor 
 

Eight T-type thermocouples with a diameter of 127 
μm embedded in the bottom to measure the bottom 
temperature. The liquid layer depth is determined by a 
laser displacement sensor (OPTEX CD33) fixed on the 
outer wall of the cylindrical pool. Because of no 
supplement of liquid during temperature measurement, 
the average evaporation rate of the whole interface 
during the temperature measurement can be obtained 
by calculating variation rate of liquid layer depth with 
measuring time for the measurement of temperature. A 

T-type thermocouple with a diameter of 50 μm is fixed 
on a three-dimensional (3D) positioner Therefore, the 
liquid and vapor phase temperatures can be measured 
by controlling 3D positioner. The accuracy of 3D 
positioner is 1 μm in z direction Under experimental 
conditions, the depth (d) of ethanol ranges from 5 to 15 
mm The temperatures of heating temperature ranges 
from 1 °C to 10 °C. For convenience to evaluate the 
relative vapor pressure at different experimental 
conditions, the pressure ratio (β) is introduced in this 
work, which is described by. 

 =
( )

V

sat W

P

P T
 (1) 

2.2 Experimental Procedures 

Before the experiment, the ethanol in the degassing 
bottle is allowed to enter the injection pump without 
contact with the air. At the same time, the vacuum pump 
continues to exhaust the cavity. Next, the constant 
temperature water bath temperature will be adjusted 
according to the set working conditions to maintain the 
heating wall temperature unchanged. The injection 
pump pumps ethanol into the liquid pool, and the initial 
depth should be 2-3 mm higher than the depth to be 
measured. The depth of the working medium is 
measured in real time by a laser displacement sensor. 
The vapor pressure in the cavity is controlled by adjusting 
the precise control valve connected to the vacuum 
pump. When the vapor pressure is maintained at the 
predetermined pressure of the experiment for 60 min, it 
can be considered that the chamber reaches a stable-
evaporation condition. When the depth of ethanol in the 
pool drops to the depth to be measured, At this time, the 
temperature can be measured by moving the 
thermocouple. the axial temperature distribution at the 
radial position can be obtained, and the temperature-
jump can be determined. 

 

3. RESULTS AND ANALYSIS 
A series of steady-state evaporation experiments 

were conducted on ethanol under different pressure, 
different depths and temperature conditions. In the first 
set of experiments, we set up the heating temperature 
was 10 °C. Then we get the temperature profile at 
different pressures and different depths at this heating 
temperature. In all sets of experiments, the vapor 
pressure of the system and the depths of the system was 
varied to study the influence of vapor pressure and 
depths on evaporation. The temperature profiles in the 
liquid and vapor phases in all of these experiments are 
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shown in Figures 3, 4 and 5. Pools of different depths 
have different internal flow, so the axial temperature 
distribution is also different. Note that the range of 

pressure at different depths is different, because the 
critical pressure ratio of instability at different depths is 
different.

 

 
Fig. 3 Temperature profile along the vertical axis at different vapor pressure rates when Tw = 10 °C, d = 5 mm (a), d = 10 

mm (b) and d=15 mm(c). 

 
Fig. 4 Temperature profile along the vertical axis at different vapor pressure rates when Tw = 4 °C, d = 5 mm (a), d = 10 

mm (b) and d=15 mm(c). 

 
Fig. 5 Temperature profile along the vertical axis at different vapor pressure rates when Tw = 1 °C, d = 5 mm (a), d = 10 

mm (b) and d=15 mm(c). 
 

In all experiments, there is a temperature 
discontinuity (temperature jump) at the liquid-vapor 
interface, and the temperature in the vapor phase is 
slightly higher than that in the liquid phase. The results 
show that due to the evaporative cooling effect, the 
lowest temperature at all experiments appears at the 
liquid-vapor interface. In the vicinity of the interface, the 
temperature distribution is linear, which indicates that 
heat conduction is the main way of energy transfer to the 

interface. The heat fluxes on the liquid and vapor sides 
are calculated from the temperature profiles. In all 
experiments, the range of temperature jump is about 
0.9 °C -1.9 °C. 

 

4. CONCLUSIONS 
A series of evaporation experiments were carried out 

on a cylindrical pool. In all of the experiments, the 
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interfacial vapor temperature was higher than that of the 
liquid. According to the experimental results, the 
temperature jump and evaporation rate under different 
experimental conditions were obtained. In all 
experiments, the range of temperature jump is about 
0.9 °C -1.9 °C. Pools of different depths have different 
internal flow, so the axial temperature distribution is also 
different. 
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