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Abstract
In many technical applications, such as combustion engines, the investigation of the formation
of liquid films attracts a lot of attention. The production of soot particles may be directly re-
lated to the unburnt liquid fuel film on top of the piston. Understanding the physics behind the
simultaneous evaporation and receding of the liquid fuel film is not a simple task. However,
this can lead us to model the behavior of film spreading/evaporation and ultimately reduce
combustion by-products. To simplify the analysis of sub-processes of fuel film evaporation,
studying a sessile droplet is proposed. Due to the complexity of the various phenomena that
occur during spreading and receding of a multi-component droplet, conventional models do
not take these processes into account. Therefore, we have investigated the time-dependent
spreading/receding contact area and simultaneously described the occurring sub-processes
that happen for different multi-component liquids on a heated surface. The dependence of
temperature and contact area with respect to droplet lifetime are compared. Moreover, using
schlieren imaging technique enables to reveals local evaporation during the whole process.
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Introduction
Since the last decades, many researchers have worked on various hydrodynamic aspects of the
liquid film layers. Nowadays, simulation and prediction of thin-film layer behavior is attracting at-
tention. Many technical applications such as gasoline direct injection (GDI), ink-jet printers, and
medical devices are affected by thin liquid film layer formation. For instance, inside the com-
bustion chamber of a GDI, injected fuel can form a thin film layer that leads to fuel-rich zones.
Consequently, these film layers lead to soot formation as a combustion by-product. Various
numerical and experimental investigations have been conducted for one or multi-component
liquids [1, 2]. The use of mixtures such as gasoline brings significantly more complexity to
analysis. Therefore, scientists have utilized one-component fuels such as isooctane to simu-
late gasoline in several investigations. However, the spreading and receding behavior of real
gasoline completely differs from that of isooctane. Figure 1 reveals the sequences of the evap-
oration process of real gasoline and isooctane wall films over a hot substrate at 80◦C. In order
to predict exhaust emissions, the modeling of thin wall films is being intensively pursued [3].
This can only succeed, however, if corresponding experimental data is available for the vali-
dation of the simulation models. Besides, the spreading and receding of a film layer involves
many simultaneous processes. Studies on thin liquid film layers are often performed using sin-
gle sessile droplets. Most liquid sessile droplets are considered in the course of wetting where
the evaporation process is completely neglected [4]. Analyzing the wetting process over a sub-
strate has often been performed with pure liquids. One of the important properties that provide
valuable information about the physics behind the processes of liquid film evaporation might be
the contact angle, further interpreting the effects of various substrates [5, 6]. There is also a
wide range of studies that have investigated the behavior of different one or multi-component
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Figure 1. Film creation after injection at pRail = 150 bar; #wall = 100�C Gasoline (upper row) forms a flat film, and
isooctane forms multiple single droplets (bottom row).

alkane droplets on various substrates. A great number of these investigations were conducted
at room temperature and pressure. The main objective was to investigate radii, contact angle,
and height of the droplets. D. Fardad & Ladommatos [7] investigated multi-component liquids
over a wide range of substrate temperatures. Guéna et al. [8] investigated heptane-octane,
hexane-octane, heptane-nonane binary mixtures on a silicon wafer. They recorded nominal
radii of the contact area and evolution of structure over the droplet lifetime under ambient condi-
tions. A large number of studies in the field of droplet spreading and receding processes during
evaporation have been summarized in [2, 3, 9, 10] , which also include theoretical considera-
tions of complex processes in the case of sessile droplets. Although a considerable number
of articles have attempted to introduce models that describe the behavior of a one-component
film layer, a complementary model that can describe the behavior of multi-component mixtures
is still missing. In order to distinguish the behavior of mixtures and real gasoline, moreover, to
find the impact of the substrate temperature, we performed single droplet measurements on a
hot substrate. For various temperatures, the present study gives access to qualitative wetted
areas, and contact area of substrate temperatures during the spreading and receding process.

Material and methods
The visualization procedure of the spreading and receding of single droplets that form a very
thin transparent layer is not a simple task. According to Schulz et al. [11] the fuel film residual
formed on the cylinder wall and piston surface during the spray/wall interaction in homoge-
neously charged GDI engines is in the range of 5µl. In the process, liquid droplets of equal
volume are deposited over a hot substrate using a pipette. The influence of the wall surface
temperature on the spreading and receding behavior of the droplet is investigated by varying
the temperature range. Therefore, the initial surface temperature can be adjusted from 60◦C
to 140◦C. The surface is heated in the analogous way to the setup in Figure 2. An Inconel
625 plate (nickel alloy) with a thickness of 0.1mm is heated using an electrical current, in which
the joule heating provides a constant temperature. The arithmetic average roughness of the
Inconel sheet is 0.24µm and the maximum roughness is 2.96µm. The free surface energy is
equal to 34.5mJ/m2. Recording the temperature of the droplet bottom was carried out by utiliz-
ing an infrared camera (IR8300 from InfraTec). Before the camera is being used, the backside
of the substrate was painted with graphite spray to provide an emissivity equal to 0.89. This
allowed the camera to be correctly calibrated so that monitoring of the temperature difference
at the droplet contact surface from the backside is possible. The visualization of the liquid layer
is carried out with the aid of camera (high-speed star 6 from LaVision). The goal of this setup
is to record the droplet contact line, and area gradient during the spreading phase and follow-
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