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Abstract

This paper presents an analysis of the effect of the droplet support fiber on the droplet evaporation
process. This effect is evaluated for a droplet evaporating in a hot environment at atmospheric
pressure using the experimental results of the present study and those in the literature. Selected
published results are acquired using similar test conditions and experimental setups as the present
data. The only main difference between these studies is the droplet support fiber diameter which
varies between 14 um and 225 um. The ambient temperature explored in these studies ranges from
room temperature up to 973K. n-heptane is selected because it is the most common fuel used in
these studies. The main findings are that the cross-fiber technique, which uses 14 pum fiber
diameters, induces no noticeable heat transfer into the droplet and consequently does not interfere
with the evaporation process. In contrast, the classical fiber technique, which uses relatively larger
fibers, greatly enhances the droplet evaporation rate as a consequence of increased conduction heat
transfer through the fiber. A correlation is proposed to quantify the level of this increase as a
function of ambient temperature and the fiber cross-sectional area, dﬁ.
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1. Introduction

The vaporization and combustion of single droplets have been the focus of many studies in the last
several decades as a simple approach to gain better understanding of the complex spray
combustion phenomena. In fact, a single droplet does not represent a complex spray flow, but it
does reveal much of the physics about the evaporation and combustion phenomena which may
take place in the diluted spray region farther away from the fuel injector. Consequently, studies of
single droplets have undeniably helped advance our understanding of the complex spray
combustion phenomena.

Two major approaches were employed for studying experimentally individual droplets, which are
the free droplet and the suspended droplet techniques. The former consists of a free-floating/falling
droplet injected into a stagnant or a flowing environment. In fact, in this configuration, the droplet
is not influenced by any unphysical/external parameter/factor, which makes it the most idealistic
method for studying the phenomena of evaporation and combustion of droplets. However,
compared to the droplet suspension technique where a fiber is used to hold stationary a droplet,
studies employing free droplet are relatively seldom. This is mainly due to the difficulties
associated with imaging of a free droplet as it drifts out of the camera focus during its lifetime. For
experimental droplet combustion studies, ignition is also a major problem although several
classical studies have attempted to overcome these issues (e.g., [1-3]). For instance, several studies
used piezoelectric generation techniques to create a stream of droplets which, depending on the
inter-droplet spacing, could be considered as a cyclic repetition of an individual droplet (e.g., [4-
8]). However, this method requires advanced laser-based sizing techniques to avoid the



shortcomings associated with digital imaging equipment [4]. Additionally, the free droplet
technique is not suitable for studying its evaporation or combustion in a flowing medium, which
is a replica of real spray conditions. That is why, for example, most, if not all studies on droplet
evaporation and combustion in different environments, which include laminar and turbulent flow,
adopted the suspended droplet technique. The simplicity of this technique in terms of, especially,
imaging made it the most practical approach for single droplet studies. Despite its practicality and
thus the widespread use of droplet fiber suspension technique, the presence of the fiber induces
several artificial effects that alter the droplet evaporation and combustion characteristics. It was
reported that using a quartz fiber or a fine thermocouple to suspend a droplet conducts heat into
(e.g., [9]) or from (e.g., [10]) the droplet much faster than the surrounding gaseous medium. This
consequently makes the findings on droplet evaporation and combustion biased, and the degree of
the interference of the fiber depends on the extent of the heat transfer through the suspending fiber.

There exist a large number of published studies which attempted to quantify the impact of the
support fiber on the evaporation process of a droplet. For instance, Yang and Wong [11, 12]
investigated the impact of the support fiber at a relatively narrow range of ambient temperature
(490 — 750 K) and found that increasing the fiber diameter always shortens the droplet lifetime;
that is, increases the evaporation process. They also reported that an intermediate fiber diameter
may maximize the heat transfer input from the fiber. For example, Yang and Wong [12] found that
a quartz fiber of 150 um in diameter induced a greater heat transfer rate into the droplet compared
to a fiber of 300 um diameter. However, they reported that a droplet suspended onto the 300 pum
fiber was found to evaporate faster due to the reduced liquid volume. They then concluded that
using a quartz fiber of 50 um diameter will not affect the evaporation process of a droplet. The
experiments and numerical simulations of Han et al. [13] agree that the rate of heat conduction
through the fiber increases and then decreases with increasing the suspending fiber diameter.
Shringi et al. [14] numerically studied the effect of the support fiber on the evaporation of a droplet
in a flow environment at high temperature and pressure conditions. They discovered that while the
heat transfer from the gas phase to the droplet surface is initially very high, it rapidly decreases
with time as the droplet surface temperature increases. They then remarked that heat transfer
through the fiber remains relatively constant, leading to the fiber supplying a significant portion
of the droplet’s late stage vaporization energy. They also showed that the droplet suspending fiber
can slow down the droplet evaporation process by promoting thermal Marangoni flows near the
fiber-droplet contact point, where the circulation of the cooler interior fluid lowers the droplet
surface temperature. Recently, Rehman et al. [15] experimentally investigated the effect of heat
conduction on the droplet evaporation in a low temperature, forced convection environment. They
studied droplets having a diameter ranging between 1565 and 2775 um in a laminar airflow
environment where the temperature was varied between room and 403 K. They varied the
suspending fiber diameter and material where glass fibers with diameters ranging between 200 and
800 um and thermocouples with diameters in the range between 76 and 812 um were tested. While



they found that the suspending fiber technique always increases the vaporization rate, they reported
that suspending the droplet on metallic thermocouple wires induces far higher heat transfer by
conduction into the droplet and hence results in a higher evaporation rate. Chauveau et al. [16]
studied experimentally the evaporation rate of a 800 um n-decane droplet using the classical
suspending technique where quartz fibers with different diameters were tested. They discovered
that, when extrapolating the evaporation rate, K, versus the fiber diameter, the theoretical K value
that corresponds to a fiber diameter of zero is found identical to the experimentally measured value
of the same droplet suspended onto a 14 pum cross-fiber system.

Several studies examined the effect of the suspending/support fiber on droplet combustion using
experimental (e.g., [17, 18]) and numerical (e.g., [19]) approaches. It was reported that fibers used
for combustion studies can interfere with the droplet burning rate, flame and soot stand-off ratios
and flame extinction characteristics. For instance, Mikami et al. [20] used a 14 um SiC fiber to
suspend a droplet in a flame spread experiment and concluded that the effect on the flame shape
and heat transfer were much smaller than in the case of a 125 um quartz fiber. Hicks et al. [18]
found experimentally that droplets suspended onto a cross-fiber of 14 um diameter featured a
lower burning rate than the same droplet suspended onto a 110 um classical quartz fiber with a
360 um bead. Liu et al. [17] used a 14 um cross-fiber system for ground-based microgravity tests
and compared the results with the same droplet suspended onto a classical 80 um single fiber.
They reported that the droplet suspended onto the cross-fiber exhibited very similar burning
characteristics, such as flame and soot stand-off ratios, to free-floating droplets. In contrast, the
droplet suspended onto the large fiber tends to distort soot shells near the fiber droplet intersection.

It is important to mention that if the support fiber is to improve the evaporation rate, the effect is
most likely to be witnessed towards the end of the droplet lifetime. This is exactly what is observed
when using the classical fiber suspending technique where the d?-law does not hold towards the
end of the droplet lifetime; that is, a clear acceleration of the temporal variation of d? can be
witnessed (e.g., [15]). This, of course, is not the case when using the cross-fiber technique (e.g.,
[21, 22]) where tiny fibers are used. In this case, the d?-law tends to hold until the complete
depletion of the liquid or at least such an acceleration does not manifest (e.g., [21, 22]).

This brief discussion of the literature clearly reveals the influence of the suspending technique on
the evaporation and combustion processes of a droplet. Thus, the objective of the present paper is
to analyze such an impact by quantifying the additional increase in the droplet evaporation rate
due to the heat conduction through the suspending fiber. Due to limited published experimental
data, only available results in stagnant environment at standard ambient pressure are analyzed
where the effect of droplet diameter is also omitted in the present investigation.

2. Experimental setup



The experimental set-up is well documented elsewhere [23,24], and thus, only a brief description
is provided here. The experimental test facility consists mainly of a furnace and the droplet support
and formation system. The furnace is essentially a short cylinder with an inner diameter of 68 mm
and a height of 200 mm, which produces a volume of 360 cm?®. The furnace is capable of attaining
a temperature of up to 1200 K, generated by a Joule effect heater placed in a pressure chamber that
envelops the furnace. The droplet, which is suspended at the intersection of a cross-fiber system,
is formed by injecting the liquid fuel using a piezo-electric injection system. The cross-fiber
consists of two quartz fibers each having a diameter of 14 um and fixed perpendicularly using a
metallic frame system. n-heptane (CsHzs) is chosen as the liquid because it is intensively used in
the literature and consequently makes possible to perform comparisons with published data. In
order to avoid oxidation at high temperatures, nitrogen is selected as the furnace gaseous medium
surrounding the suspended droplet. The droplet is initially formed in the lower section of the
chamber and then introduced into the furnace by the aid of a motorized displacement system. Once
the droplet is exposed to the hot atmosphere in the furnace, the temporal regression of the projected
droplet surface area is recorded using a high-speed video camera with a frame rate that can be
varied between 150 and 750 fps depending on the test conditions. For each experiment,
approximately 700 images are recorded in order to achieve a satisfactory temporal dynamics. In
addition, at least five experiments are performed for each test conditions to verify the repeatability
of the results as well as to minimize statistical errors. The images are analyzed via post-processing
to deduce the droplet instantaneous projected surface area and hence the time variation of its
squared equivalent diameter. Note that the involved error in determining the droplet diameter is
found around + 3%. For instance, the droplet evaporation rate at T = 973K is found around 0.296
mm?/s with a standard deviation of 1.2%. Two series of droplet vaporization experiments are
carried out in the present study; one in normal gravity, and another in microgravity conditions of
10-2go. The latter are realized via parabolic flights aboard of the A300 Aircraft of CNES, the French
National Space Agency. Note that each microgravity period lasts approximately 22 seconds. In
both series of experiments, the pressure in the furnace is kept atmospheric, while the ambient
temperature is varied in the range between 473K and 748K for microgravity experiments, and
between 473K and 973K for normal gravity experiments. The droplet diameter is maintained
around 370 pum for microgravity experiments and around 500 pm for normal gravity experiments.

Additional experiments at standard atmospheric pressure are performed to acquire data at the lower
end of the ambient temperature in normal gravity conditions; that is, between approximately 300
K and 473 K using the test rig at the University of Manitoba. Detailed description of this
experimental setup is reported elsewhere [21, 22]. Essentially, the thermally-insulated spherical
chamber has 2-pair of large windows arranged along the horizontal equator. Heat is transferred by
convection into the nitrogen gaseous medium inside the chamber via a heating coils system
installed in one of the window ports. The heating coils switch on and off as a means of temperature
control until the nitrogen has reached the required temperature, which remained constant across



the horizontal mid-plane of the chamber. The chamber is filled with commercial dry nitrogen and
is held to £1% of the nominal pressure by monitoring the transducer output. The chamber is
thoroughly vacuumed before the filling process to remove any accumulated moisture and
impurities from the ambient gas. n-heptane droplet is deposited onto the intersection point of two
14-um silicon carbide fibers, which are supported by an aluminum frame. Droplet evaporation is
captured in 8-bit grayscale of a high-speed NanoSense MKkIII camera with a 250 W backlight at a
frame rate ranging up to 100 fps. An in-house developed MATLAB code is then used to post
process the images and determine the temporal d? profile. The droplet evaporation rate is
determined as K = —(d?)/dt and found repeatable to + 2%.

3. Results and Discussion

3.1. General comments

The influence of the suspension fiber on droplet evaporation was reported in our previous studies
[23, 24]. In these studies, n-decane was used to form an individual droplet with an initial diameter
of around do = 800 um in a nitrogen hot environment at 570 K and 0.1 MPa. The diameter of the
cross-fiber was dy=14 um and the diameter of the classical single suspending fiber was varied
between d=106 pm and 181 um. The experimental results showed a linear variation between the
droplet evaporation rate and the fiber cross-sectional area, expressed in terms of d}. This relation
revealed that the droplet evaporation rate increases linearly with the fiber cross sectional area, d]?.
An extrapolation of the linear variation to d} = 0 showed that there is no difference in the
evaporation rate between the case when using the 14 um cross-fiber and the theoretical case, that
is, without a fiber (i.e., d?2 = 0). This suggests that using a cross-fiber system with very small
dimensions (e.g., around 14 um) does not conduct any noticeable heat transfer between the droplet
and its surroundings and consequently does not interfere with the evaporation process. However,

this result and that reported in the next sections show that the droplet evaporation rate increases
with the fiber size and becomes more pronounced as the ambient temperature increases.

This finding led to believe that the abundant experimental data available in the open literature and
reporting on the evaporation process obtained using large droplet suspending fibers may be
questionable. Consequently, the analysis presented below attempts to quantify the extent of this
impact at ambient atmospheric pressure and different temperatures. In doing so, and since most of
the available published measurements were performed with n-heptane at atmospheric and elevated
pressure, the present analysis was carried out using the same fuel but at only atmospheric pressure
conditions. In order to develop data on the evaporation of n-heptane droplet using the cross-fiber
technique at different ambient temperatures, further experiments were carried out using the setups
described in the previous section. These experiments were performed at normal gravity and also
at reduced/microgravity gravity. The collected results are depicted in Figure 1. As expected, this
figure shows a linear increase of the evaporation rate with the ambient temperature, and the
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evaporation rate in normal gravity is slightly greater than in reduced gravity. This is expected since
natural convection prevails under normal gravity conditions.

Since the majority of published measurements are more abundant under normal gravity, the bulk
of the analysis presented here is performed at this condition. However, the limited data at
microgravity test conditions is also presented separately.

3.2. Experiments under normal gravity conditions

To analyze the influence of the droplet suspending fiber on the evaporation rate, the experimental
data at normal gravity, reported in Fig. 1, is compared with published results obtained under similar
conditions. The selected published studies [25-29] feature similar experimental setups where n-
heptane (common for all these studies) droplets are generated in an atmosphere and suspended at
the tip of a quartz fiber, which is subsequently introduced into a furnace at high temperature, either
by displacement of the support into the furnace, or by the displacement of the furnace itself so that
the droplet becomes exposed to a hot nitrogen gaseous medium inside the furnace. The dimensions
of the furnaces used in these studies including those in [23, 24] are similar. This approach makes
it possible to assume that the effect of the liquid-phase absorption of the radiation from the furnace
walls would be similar for all the studies and thus assumed to have no influence on the differences
observed between the analyzed results. Therefore, the major differences between these studies
consist of the diameter of the droplet support fiber and to a less extent the initial size of the droplet.
However, the effect of droplet size under the test conditions explored in these studies is considered
negligible. Verwey and Birouk [21, 22] demonstrated that the evaporation rate of n-heptane
droplets, ranging between approximately 300 and 800 um, changes only at elevated ambient
pressure or in convective flow environments or both combined, while it remains nearly constant
at standard ambient pressure. Morin [30] also demonstrated that, within her explored range of
droplet sizes (810 and 1330 um), the evaporation rate in a hot environment remains practically
constant at ambient atmospheric pressure. Even if the influence of the droplet initial diameter is
not to be neglected at the conditions explored here, it is believed to be less critical than that of the
size of the droplet support system, as it conditions mainly the duration of the droplet pre-heating
phase and the influence of the liquid-phase radiative absorption. The test conditions of these
studies are summarized in Table 1.

Figure 2 presents a comparison of the normalized temporal evolution of the squared diameter of
n-heptane droplets between the present data in normal gravity and the experimental data of Nomura
et al. [25] under microgravity conditions. This figure clearly shows that the temporal variation of
the normalized squared diameter of n-heptane droplets suspended on the cross-fiber is linear and
extends till the complete depletion of the liquid at nearly d?/d2 = 0. However, in the case of the
classical fiber technique [25], the liquid droplet depletes much earlier and the evolution of d? /d3
does not proceed until zero. More importantly, the droplet lifetime is much shorter in the case of



Nomura et al. [25] despite the fact that natural convection is suppressed. This is a clear indication
of the influence of the size of the droplet support fiber on the evaporation process.

These observations are confirmed by observing the evolution of the vaporization rate as a function
of the ambient temperature in Figure 3. In this figure, in addition to the present experimental data
depicted in Figure 1 under normal gravity conditions, available published experimental results are
also displayed for comparison. Independently of the influence of the natural convection for all of
these studies performed under normal gravity conditions, this figure shows clearly that the present
cross-fiber experiment exhibited the lowest evaporation rate. Note that the diameter of the support
fiber is 225 pm, 200 pum, 150 pm, 125 um, and 14 um for Hiroyasu et al. [27], Morin et al. [28],
Sato et al. [29], Ghassemi et al. [26] and the present cross-fiber study, respectively. The effect of
the size of the support fiber is apparent in this figure; where, at any given temperature, it shows
that, at the same test conditions, the larger the support fiber size, the greater is the droplet
vaporization rate. This ascertains the importance of the effect of heat conduction through the
support fiber, which engenders an increase in the droplet evaporation rate. This figure shows also
that enhancement in the evaporation rate becomes more pronounced with increasing ambient
temperature. For instance, at 400 K, the increase in the droplet evaporation rate with respect to the
cross-fiber case is around 77, 138 and 174% for dy = 150, 200 and 225 um, respectively; while at
800 K, this increase is, respectively, about 100, 197 and 249%. This suggests that the rate of heat
conduction through the fiber increases with ambient temperature.

The numerical results of Yang and Wong [11] and Ebrahimian and Habchi [31] are also included
in Figure 3 for comparison. These numerical results are obtained by ignoring the heat transfer
through the droplet suspending fiber [11] or excluding completely the fiber [31]. While the
numerical results of Ebrahimian and Habchi [31] are in agreement with the present cross-fiber
experimental data; those of Yang and Wong [11] are higher by about 17% to 20% depending on
the ambient temperature. This is beside the fact that the present data is acquired under normal
gravity which induces natural convection and consequently increases the droplet evaporation rate.
Nevertheless, while the causes of these differences are unknown, all these numerical results
corroborate the conclusion that the classical/conventional droplet support fiber alters the
evaporation process.

The results presented in Figure 3 suggest that there exists an increasing linear relation between the
enhancement in the droplet evaporation rate associated with the heat transfer through the support
fiber and the fiber size. The fiber size in this case is expressed in terms of the fiber cross-sectional
area, that is dj%, as was reported in [15, 23, 24] and will be justified later on. A plot of this data
revealed that a correlation between the experimental evaporation rate and the support fiber
diameter cross-sectional area d} at different ambient temperatures can be expressed as follows:



K(T) = Cpy(T) x df + Ko(T) (1)

where K, (T) is the idealized evaporation rate without the influence of heat conduction through the
fiber, which is obtained by extrapolating the linear variation to d¢ = 0, and Cp¢(T) is the slope of
the linear variation of the droplet evaporation rate K(T) as a function of the squared diameter of
the support fiber. Both these parameters, which are a function of the ambient temperature, are
determined at each ambient temperature using the data in Figure 4. It is important to mention that
this figure shows a clear linear relationship between K(T) and d]? and consequently allows
determining reliable values of K,(T) and Cp¢(T). In this Equation, K (T), Cps(T), Ko(T) and dj%
are expressed in [mm?/s], [s*], [mm?/s] and [mm?], respectively.

The linear evolution of Equation (1) can be justified as follows. Due to the relatively small
diameter of the fiber, the conduction heat flux propagating through the fiber can be considered as
mono-dimensional. This means that the heat flux is proportional to the cross sectional area of the
fiber and consequently to dﬁ. On the other hand, the vaporization rate K(T), in Figure 3, varies
linearly with the ambient temperature, as confirmed experimentally and theoretically. Since the
heat flux, within the context of the quasi-steady theory, is proportional to the difference between
the ambient temperature and the droplet surface temperature as (T - T;) where the surface
temperature T is approximately constant, the vaporization rate would vary linearly with the heat
flux.

The variations of Ky(T) and Cp¢(T) as a function of the ambient temperature are expressed by
Egs. (2-3) and presented in Figure 5. In this figure, the data of the droplet evaporation rate obtained
using the cross-fiber technique is also displayed for comparison. Both K, (T) and Cp¢(T) display
a perfect linear relationship with the ambient temperature. Also, this figure clearly shows that the
value of K, (T) (theoretical which corresponds to dy = 0) is practically identical to that obtained
with the cross fiber technique where the data of the two methods appears to overlap. This implies
that the cross-microfiber configuration does not lead to biased evaporation process, and thus
corroborate the conclusion reported in [16].

Ko(T) = 4.1434 x 10™* x T[K] — 0.1078 (2)
Cps(T) = 2.2723 x 1072 x T[K] — 7.1744 (3)
The proposed correlation (Eqg. (1)) is examined by comparing its predictions with the experimental
data points of the studies reported in Fig. 3 and Table 1, and plotted in Fig. 6. This figure shows

very good agreement between the predictions of Equation (1) and the experimental data. This
correlation is very useful as one can use it to make corrections of experimental data collected using



large fibers. It can also serve as a guideline for numerical simulations in order to develop high
fidelity simulation codes.

3.3. Experiments under microgravity conditions

As mentioned earlier, there exist only few experimental data in microgravity conditions reporting
on the evaporation of single droplets, as the bulk of published results are acquired in normal gravity
conditions. The present experimental results in microgravity conditions are plotted in Figure 7
along with their published counterparts of Nomura et al. [25]. The present and Nomura et al. [25]
experimental data is obtained using similar experimental setups as highlighted above with the
exception of the diameter of the droplet suspending fiber, which is about 11 times larger in the
experiments of Nomura et al. [25]. Table 2 summarizes the test conditions of the data depicted in
Figure 7. Since the effect of natural convection is suppressed in microgravity, the correlation
presented in Eg. (1) may not apply in this condition because of the difference in the droplet
evaporation rate as observed in Fig.1. Therefore, the values of K, (T) and Cp((T) at each ambient
temperature in microgravity conditions are determined using a similar approach to that followed
in the case of normal gravity which is presented in Fig. 4. Consequently, the expressions of these
two parameters in microgravity are estimated as follows:

Ko(T) = 3.6552 x 10™* x T[K] — 0.1078 (4)
Cps (T) = 23304 x 1072 x T[K] — 6.8437 (5)

As shown in Fig.7, when K, (T) and Cp¢(T) are determined using Egs. (4-5), respectively, Eq. (1)
is capable of predicting well the experimental data of the cross-fiber technique as well as that of
the large classical fiber used by Nomura et al. [25]. It is interesting to remark that, although Egs.
(4-5) are derived based on only the data reported in Table 2, Eq. (1) could still work well for
different fiber sizes. This is due to the fact that the relationship between the experimental droplet
evaporation rate and the fiber squared diameter may remain linear as in the case of normal gravity
(Fig. 4). However, this generalization of the application of this equation over a much wider range
of fiber size is still to be confirmed in microgravity conditions.

4. Final remarks and conclusions

The present study examined the influence of the size of the droplet suspending fiber on the
evaporation process in normal and microgravity conditions at standard pressure. The analysis
carried out here was based on the experimental results of droplet evaporation obtained using the
cross-fiber technique employed in the present paper and other published results acquired using
larger classical fibers. The comparison between these experimental results was made possible by
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selecting published data obtained under nearly identical test conditions with the exception of the
size of the droplet support fiber and to a less extent the droplet initial diameter.

The analysis carried out in this study is useful as it clearly shows that the effect of the suspension
fiber is very important and can even hinder the benefit of the simplicity of the classical suspending
fiber technique as well as the abundant published experimental data using this technique. The
present results and those reported in [23, 24] confirmed that the evaporation rate when suspending
a droplet onto a cross-fiber made of 14 um is nearly identical to that corresponding to the case
without the presence of a fiber. This suggests that this technique does not influence the droplet
evaporation process.

More importantly, the analysis carried out in this study allowed quantifying the impact of heat
transfer by conduction through the fiber and consequently the increase in the vaporization rate due
to the presence of the support fiber. A correlation is developed expressing this increase in the
droplet evaporation rate as a function of the squared diameter of the droplet suspending fiber. This
correlation can be used to revisit available published experimental results. However, while the
proposed correlation is a step forward, it still has several limitations where the extent of the impact
of the fuel type and droplet size still needs further studies. For instance, an analysis of the
relationship between the fiber size and the droplet evaporation rate of n-heptane and the limited
data of n-decane reported in [23-34] revealed a greater influence of the fiber on the more volatile
liquid fuel. Also, it would be interesting to revisit published studies carried out regarding the effect
of ambient pressure on the droplet evaporation, since all these experiments were conducted with
fibers having large sizes, which induce systematic over-estimation of the measured evaporation
rates. Such a task will however be challenging since, in addition to the effect of the fiber, pressure
intensifies natural convention at normal gravity conditions in which the effect of droplet size
becomes critical.
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Tables

Table 1. Normal gravity test conditions

T [K] do [um] df [um] | Reference

300-997 | 550-800 14 Present study
293-756 | 600-800 150 Sato et al. [29]
673-997 | 1100-1300 | 125 Ghassemi et al. [26]
373-773 | 1000 225 Hiroyasu et al. [27]
293-997 | 810-1330 | 200 Morin et al. [28]

Table 2. Microgravity test conditions

T [K] do [um] df [um] | Reference
473-748 | 370 14 Present study
471-750 | 600-800 150 Nomura et al. [25]
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Fig. 1. Variation of the evaporation rate of n-heptane droplets with the ambient temperature in
normal or reduced/microgravity conditions.
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Fig. 2. Comparison of n-heptane droplet lifetimes between the present study in normal gravity and
Nomura et al. [25] in microgravity conditions for different ambient temperatures.
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Fig. 3. Comparison of the evaporation rate of n-heptane droplets between the results of the present
study and some published experimental and numerical results.
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Fig. 4. Evolution of the evaporation rate of n-heptane droplets as a function of the squared diameter
of the droplet support fiber.
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Fig. 5. Variation of the coefficient Cj, versus the ambient temperature, and a comparison between
the idealized evaporation rate of n-heptane droplets and the results with the cross-fiber.
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Fig. 6. Comparison of the experimental evaporation rate of n-heptane droplets with the predictions
of Eg. (1) in normal gravity conditions.
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of Eg. (1) under microgravity conditions.
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