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Abstract-The evaporation of a small liquid droplet impin~ng on a hot stainless steel plate is investigated. 
The liquids include water, various pure and mixed hydrocarbon fuels with drop sizes ranging from 0.07 to 
1.8 mm. The wall temperatures varying from 63 to 605°C cover the entire spectrum of heat transfer 
characteristics from film evaporation (below boiling temperature) to spheroidal vaporization (above 
Leidenfrost temperature). A strobe-video visual system is used to record the transient process and to 
measure the droplet lifetime. Qualitatively, the droplet lifetime curve as a function of wall temperature is 
similar for all liquids and all drop sizes. The maximum heat transfer rate occurs at 5&6O”C above the 
boiling temperature for all pure liquids and the Leidenfrost heat transfer rate occurs at about 120°C for 
pure fuels and 18O’C for water above the boiling temperature. The maximum evaporation rate can 
significantly exceed the burning rate of fuel droplets. Visual observations show that beyond the maximum 
heat transfer point, larger droplets levitate above the surface whereas smaller droplets bounce up and down 
to many diameters above the surface. Thus for the smallest droplets beyond the Leidenfrost temperature, 
the droplet lifetime actually increases with wall temperature which is in contrast to the larger droplets. The 
maximum heat transfer rate is independent of drop sizes for all fuels and shows a small decrease with 
increasing drop sizes in the case of water. At the Leidenfrost temperature, the data show that the heat 

transfer rate is maximum at a droplet diameter of approximately 0.5 mm. 

1. INTRODUCTION 

THE EVAPORATION and ignition of liquid droplets 
impinging on a hot surface are of interest in a number 
of areas related to various types of combustion 
engines, cooling systems as well as many fire safety 
situations. In all of the above applications, the 
dynamic behavior of the impinging droplets, the heat 
and mass transfer between droplets and the hot 
surface, and the ignition characteristics of fuel drop- 
lets are important phenomena requiring fundamental 
investigation. 

The first observation of the behavior of a droplet 
levitated over a hot, horizontal surface was reported 
by Leidenfrost in 1756 and hence the behavior is 
known as the Leidenfrost phenomenon. However, a 
systematic study of the phenomenon began much later 
with Tamura and Tanasawa [I]. They measured the 
evaporation lifetime of liquid droplets levitated over 
a hot surface at atmospheric pressure. As shown in 
Fig. 1, they classified the dynamics and heat transfer 
of droplet evaporation into four regimes: film evap- 
oration (a-b), nucleate boiling (bc), transition (cd) 
and spheroidal vaporization ( > d). The temperature 
at point b is the boiling temperature and at point d 
the Leidenfrost temperature, where the heat transfer 
reaches a local minimum. Of particular interest is 
point c where heat transfer is maximum. Since then 
much progress has been made in extending the work 
of ref. [l] (e.g. see refs. [2-121). These include exper- 

imental studies, as well as theoretical and numerical 
analyses on the effect of ambient pressure, types of 
liquids, surface conditions (roughness, temperature 
and material) and initial drop sizes. 

In all of the previous experimental studies, the 
impinging droplets were produced by a hypodermic 
syringe. Therefore, the droplet diameters were, in gen- 
eral, larger than 1 mm, which is much larger than the 
typical droplets in sprays. Because there exist sig- 
nificant effects of droplet sizes on the dynamics and 
thereby the thermochemistry of a droplet impinging 

Tb Tw,c TW.L 

--TP 
Tw 

resent address: Institute of Gas Technology, 3424 FIG. 1. Schematic of the dependence of evaporation lifetime 
S. State St., Chicago, IL 60616, U.S.A. of a droplet on surface temperature. 

1881 



I882 T. Y. XIONC and M. C. YUEN 

NOMENCLATURE 

u radius We Weber number 

A, Antonie coefficient, equation (A5) L’ distance above hot surface 
B mass transfer number Y mass fraction. 

B, Antonie coefficient, equation (A5) 

c, Antonie coefficient, equation (A5) Greek symbols 

‘I, specific heat at constant pressure P density 

D, diffusion coefficient 0 surface tension 
n* equivalent diameter 7, droplet evaporation lifetime. 

D,, initial droplet diameter 

En Eotros number, g(~,-pJD*~/a Subscripts 

.:, 
frequency a air 

height b boiling 
H effective heat of vaporization, C critical 

L-tc,(T,- TX) d droplet 
L latent heat of vaporization g gas 
ti mass frequency rate i image 
M molecular weight 1 liquid 

P pressure L Leidenfrost 

4 heat transfer rate per unit area V vapor 

T temperature wall 

u velocity : initial 
V volume ix. ambient. 

on a hot surface, applications of results obtained for 

larger droplets are limited. 
The objective of the present study is to focus on 

droplets over a wide range of sizes with emphasis 

on smaller diameters comparable to droplet sizes in 
sprays. Diameters of the droplets produced in the 

present experiment range from 0.068 to 1.8 mm. A 
strobe-video visual system was developed to observe, 

record and measure the dynamics, evaporation and 
ignition of droplets. 

2. EXPERIMENTS 

In this section, the experiment and measurement 
technique will be briefly presented; the detail is 

described in ref. [ 131. 
Figure 2 shows the schematic of the mesent exper- 

imental set-up. The hot plate consists of a rectangular 
(156 mm x 56 mm) 304 stainless steel plate with a 
thickness of 12.7 mm sitting on top of an electric 
heater with a power capacity of 450 W. Six pairs of 

chromel-alumel thin foil (0.013 mm thickness) thermo- 
couples were cemented to both sides of the plate to 
measure both the surface temperatures as well as heat 
flux. The sides of the plate and heater are insulated. 
In addition, natural convection induced by the hot 
plate is restricted to be two-dimensional by installing 
two glass plates 90 mm in height along the long sides 
of the hot plate. As a result of insulation, surface 
temperature is uniform to within f 1% in a 20 mm 
square at the center of the plate. Examples of vertical 
temperature distribution above the plate along the 
centerline are shown in Fig. 3. As shown, there was a 
significant temperature variation within 10 mm above 
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the surface. The vertical velocity profile at the center 
of the plate obtained by the LDV method is shown in 
Fig. 4. Figure 4 indicates that the vertical velocity 
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reaches a maximum at about 610 mm above the hot 

plate. Since a small droplet can rebound to about 10 
mm above the hot surface, it is expected that there is 
significant interaction between the droplet and natural 
convection. 

The water-cooled droplet generator can be moved 
Electrical both vertically and horizontally to control precisely 
Heater the location of the droplet impinging on the surface. 

/ Two droplet generators were used. For drop sizes 

FIG. 2. Schematic of the experimental set-up. 

between 0.068 and 0.45 mm the droplets were gen- 
erated by the deformation of a piezoelectric element. 
This apparatus was adopted from the one developed 
by Wang [14]. For a larger droplet (above 0.4 mm 
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FIG. 3. Temperature profiles above the hot surface at 
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Velocity profiles above the horizontal hot surface. 

diameter), a high voltage (2-8 kV) was applied 
between a hypodermic needle and the hot plate to 
dislodge the suspended droplet from the capillary tip. 
This apparatus was adopted from the one developed 
in ref. [1.5]. For the droplet used in this experiment, 
the Weber number is between 1 and 10 which is much 
smaller than the threshold of We = 30 for sphericity. 

In the present study, the droplet generator was fixed 
at around 26 mm above the plate surface, resulting in 
a maximum impinging velocity of 0.4 m sP ’ at room 
temperature. For a smaller droplet, the generating 
frequency is varied between 0.7 and 22 Hz so that 
the interval between two droplets is longer than the 
lifetime of the droplet on the hot surface. 

Conventional photographic methods used for most 
previous experiments on free droplet motion and gasi- 

fication may not be able to record the history of very 

small droplets in detail. For example, the residence 

time for a droplet of 0.1 mm impinging on a hot 

surface can be as short as 0.1 ms. In order to achieve 
this kind of resolution, a visual system was developed 
by using a video camera together with a strobe flash 
which would slow the time scale of a stable-repeatable 
process and then record the process on video tape 

for subsequent analysis. If the frequency of droplet 
generation and the frequency of the flash is perfectly 

synchronized, the droplet will appear stationary. If 
the frequency of the flash is slightly less than the 
droplet generation frequency, the droplet will appear 
to descend slowly. One can show that 

CilU, =f;if (1) 

where subscript i denotes the image as it appears on 

the video andJ; is the frequency of the droplet image 
appearing on the screen which is the difference 
between droplet generation frequency and strobe fre- 

quency. For example, at a droplet generation fre- 
quency of 20 s- ’ and a strobe frequency of 19.9 s- ‘, 
the period of the droplet image appearing on the 

screen can be as long as 60 s. Furthermore, using the 
advanced frame control of the video system where the 

visual images can be displayed frame by frame at l/30 s 
interval, the actual time interval between two images 

can be as short as 0.03 ms. Detailed analysis shows 
that the accuracy of time scale transformation 

depends only on the accuracy of f;l which is f 1%. 
The magnification of the video camera with various 
extension tubes and lenses is in the range of 33-205 
and the accuracy of the magnification factor is + 2%. 

For larger droplets, the lifetime of droplets is of 

the order of seconds, thus measurement directly by 

the video system with a time resolution of l/30 s is 
satisfactory. 

Figures 5-8 are typical examples of using the above 

techniques to record the history of a heptane droplet 
impinging on a hot surface at different surface tem- 
peratures. Figure 9 shows the typical measurement of 

trajectories of impinging droplets. Good repeatability 
of the trajectories for different impinging droplets on 
the screen demonstrates the capability of the present 
experimental technique. 

3. EXPERIMENTAL RESULTS 

The evaporation modes of a liquid droplet im- 

pinging on a hot surface have been investigated and 

droplet lifetimes have been measured. Table 1 is a 
summary of the range of experimental data including 

the types of liquids, drop sizes and plate temperatures. 
All experiments were performed at atmospheric press- 
ure in air. Most of the droplet sizes were between 0.07 
and 0.4 mm with some data in water and hexadecane 
where drop sizes were as large as 1.8 mm. 

3.1. EfSect of wall temperature 
Figures l&13 show typical experimental results of 

the evaporation lifetime of hexadecane, heptane, 
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FIG. 5. Time history of a heptane droplet impinging on a hot surface at T, = 95 C. 

water droplets and diesel, respectively, as a function of fuel droplets shows that the ~on~gura~jon ratio of 

of wall temperature and drop sizes. Qualitatively the the height to the diameter of the ‘drop lens’ is close to 

shapes of the curves are similar to that shown in a constant during most of the droplet lifetime except 

Fig. 1. during the initial distortion period. An example of 

For T,- Tb less than 2%3o”C, droplets always such a nleasurement for the case of hexadecane is 

adhere to the wall surface and attain a stable lens shown in Fig. 14. Because the shape of the droplet 

shape as shown in tiig. 5. Experimental measurement resting on a surface depends on the equilibrium 
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FIG. 6. Time history of a heptane droplet impinging on a hot surface at T, = 141 ‘C. 

between gravity and the effects of its surface tension, decreases rapidly with an increase in T,. This is 

Fig. 15 shows the correlation of h/2a as a function of because both the temperature difference between the 

E, (Eotvos number) for selected hydrocarbon fuels. surface and the liquid and the wetted area of the 

For the case of water, ref. [12] shows that for a larger droplet increase with Tw. 
droplet the wetted surface remains constant for most With increasing AT = T, - Tbr heat transfer inten- 

of the droplet lifetime. In this regime, heat conduction sifies notably due to liquid boiling. As T, reaches a 

is the dominant mode of heat transfer. As a result, z, value of about 5MO”C above boiling which we 
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FIG. 7. Time history of a heptane droplet impinging on a hot surface at T, = 155 C. 

denote as TW,c rapid local boiling at the liquid-solid 
interface causes droplet distortion and ultimately dis- 
integration, as shown in Fig. 6. The resuh of the 
disintegration of the droplet is almost instantaneous 
evaporation of all the liquid. Thus the evaporation 
lifetime 7s, approaches a minimum value which is of 
the order of several milliseconds depending on drop 
sizes and type of liquids. In this situation heat transfer 
rate reaches a maximum which can exceed the value 

of droplet burning in normal atmosphere. For exam- 
ple, the maximum evaporation rate, which can be 
estimated from O&k, is 4.4 mm’ s-’ for a heptane 
droplet of 0.21 mm diameter and T,,= of 145’C. while 
the burning rate constant of a heptane droplet is only 
1 mm2 s- ‘. The values of Tw,c of the present exper- 
iment as shown in Table 1 are generally about 10°C 
above the values shown in ref. [I]. 

For T, exceeding T,$,c, 7c increases drastically 
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Table 1. Summary of experimental data 

Liquid 0, (mm) Tw (“Cl Data size 7-b (“C) Lc (“Cl Tw.,. (“Cl 

Heptane 
Octanol 
Mesitylene 
Hexadecane 
Water 
Diesel 
Octanol (90%) 
Heptane (10%) 

0.0684X314 63450 262 98 155 
0.142 148-550 72 195 258 
0.152 9&532 62 163 232 

0.094-l .40 166570 335 287 335 
0.25-1.80 71-520 256 100 155 

0.191-0.422 200-605 230 356 
0.105-0.242 1 lo-550 284 270 
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FIG. 8. Time history of a heptane droplet impinging on a hot surface at T, = 605°C 
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FIG. 9. Typical impinging droplet trajectory. 
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IO. Dependence of T, on D,, T, and (T, - TJ for 
hexadecane droplets. 

because the impinging droplet does not adhere to the 
surface but will start to bounce with increasing r,. 

Observation shows that the larger droplets (diameter 
above 1 mm) barely bounce above the surface with a 
thin vapor film between the droplet and the surface. 
The dominant heat transfer mechanism is conduc- 
tion. For a smaller droplet, however, diffusion-con- 
vection between the droplet and the environment 
plays a more important role because the droplet 
bounces many droplet diameters above the surface, as 
shown in Fig. 7. When T,- T,, approaches lOO- 
12O”C, z, attains a local maximum value in the tran- 
sition mode for liquid fuels. For water, the local 
maximum 7e corresponds to T, - T,, of approximately 
I80-210°C. 

It has been found that for a larger droplet (0,) > I 
mm) the Leidenfrost temperature T,,,. is equal to 90& 
120-C above the boiling point of liquid fuels and 180 
210°C above the boiling point for water. Thus the 
present data shows that the Leidcnfrost temperature 
is mostly independent of drop sizes even for a mixture 
of fuels. The values of r,,, as shown in Table I for 
liquid fuels arc generally 20°C higher than the values 
shown in ref. [I]. 

When T, > T,,,, the general trend for ?c is to 

decrease as T, increases for a larger droplet. This is 
because for a larger droplet, the droplet floats above 
the surface with a gap which is basically independent 

of T, as long as T,, > T,,, Thus as T,, increases. 
both conduction and radiation heat transfer increase 
resulting in a decrease in t,. 

For a smaller droplet which can bounce up and 
down many times and many diameters above the hot 
surface: the situation is complicated by the intcr- 

actions of the droplet with the hot surface as well as 
the natural convection above the hot horizontal 
surface. As r, increases, the induced air velocity 
above the hot surface increases which tends to keep 

the droplet away from the surface. Thus for a smaller 
droplet, 5, tends to decrease only slowly or not at all 
with increasing T,. In this situation, T,,,. is not sharply 
defined. If the maximum induced air velocity reaches 
the terminal velocity of the falling droplet, the droplet 
may be stagnated much above the surface whcrc the 
air temperature is quite low as shown in Fig. 3. As a 
result, the evaporation lifetime of the droplet may 
actually increase with T, as shown in Figs. 10 and I I. 

At very high T,. mass efflux from evaporation is 

sufficient to prevent the droplet from physically touch- 
ing the hot surface. This phenomenon is shown in the 

photographs of Fig. 8. 

3.2. Ef&t @liquid type 

To compare the lifetime of droplets of different 
liquids, Figs. 16 and 17 show typical data of TV vs 

(T,, - TJ of the same droplet size. The data show that 
(T,,,c- T,,) and (T,_- Tb) are about 55 and 110°C. 
respectively, for all fuels. Figure 16 shows that the 
maximum z, at T,,, is within 15% of each other for 
all fuels. This is because both the heat capacity and 
latent heat of vaporization arc about the same for 
most hydrocarbon fuels. Since at T,.,L evaporation 
time dominates the heating time, therefore z, remains 
the same for all fuels. On the other hand at T,,,‘. 

heating time is more important because the droplet 
will disintegrate shortly after significant boiling occurs 
at the liquidPsolid interface. Since heating time 
depends on both heat capacity and boiling tem- 
perature of the liquid, therefore fuels with the lowest 
boiling temperature would have the shortest ~~ as 
shown in Fig. 16 for heptane. 

In the case of a mixture of heptane (lO%)/octanol 
(90%), the data in Fig. 17 show that at T,.,,, z, of the 
mixture is slightly lower than both pure heptane and 
octanol, whereas at Tw,c, ~~ of the mixture is the same 
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FIG. 11. Dependence of z, on D,,, T, and (T,+ - TJ for heptane droplets. 
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FIG. 12. Dependence of t, on D, and (T,- T,) for water 
droplets. 

as heptane. This is expected because the Tw,L of the 
mixture is much higher than the T,+ of heptane and 
is quite close to the T,,,,L of octanol, thus the enhanced 
evaporation of heptane results in a lower 7,. Similarly 
because Tw,c of the mixture is much higher than the 
corresponding Tw,c of heptane, rapid boiling of the 
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FIG. 13. Dependence of T, on D, and T, for diesel fuel 
droplets. 

heptane in the mixture would cause a rapid disinte- 
gration of the droplet. 

Even for a blended fuel such as diesel fuel as shown 

in Fig. 13, the behavior of the r, vs T,,, curves is very 
similar to the pure fuel. For example, the difference 
between T,,,L and T,,, for diesel fuel is between 75 and 
85°C which is well within the range of other pure 
hydrocarbon fuels. 

Even though the z, vs (T,-- Tb) curves are similar 
for hydrocarbon fuels, the curve of z, vs (T, - T,,) for 
water droplets is different. Figure 12 shows that for 
water droplets T, - T, is around 180°C compared 
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FIG. 17. Comparison of pure and mixed 
droplet size. 

300 400 

fuels of the same 

with 120 C for hydrocarbon, and the transition from 

TW,c to TW,L for water droplets is much wider than that 
for hydrocarbon fuels. For the same drop size, the 
maximum z, for water is much larger than hydro- 
carbon fuels reflecting the larger value of the heat of 
vaporization of water. 

3.3. EfSect oj’droplet size 
The previous data of droplet lifetime as a function 

of wall temperature can be replotted to show the effect 
of droplet sizes at a constant wall temperature. Typical 
plots for hexadecane, heptane and water are shown in 
Figs. 18-20, respectively. In a log-log plot of TV vs D,, 
the slope of the curve represents the exponential factor 

II of D,. Thus the data show that in all cases where 
the droplets adhere to the surface (film evaporation 
and nucleate boiling) or levitate close to the surface 
(larger droplet), the exponential factor n is between I 
and 2. For the smaller droplets in the transition and 

spheroidal evaporation modes, n < 1. The exact 
values of n depend on drop sizes, wall temperatures 
and the type of liquids. 

It is well known from the D2-law that for an isolated 
droplet evaporating in a quiescent atmosphere, z, is 
proportional to 0;. Thus the experimental data shows 
that the D’-law is not valid for droplet-wall inter- 
action. 

In the case where the droplets either adhere to the 
surface or levitate close to the surface. heat transfer 
from the wall dominates. Thus, in a steady state. II 
should be close to 1. In a real situation, the unsteady 
effect may be important, radiative heat transfer and 
heat transfer from the cap to the droplet may be 
substantial, rendering n to be between 1 and 2. 
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FIG. 18. Logarithmic plots of ~~ vs D, for hexadecane 
droplets. 

,001 ’ A 

.Ol .l 1 

DO (mm) 

FIG. 19. Logarithmic plots of t, vs Do for heptane droplets. 
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there is a significant vertical temperature gradient near 

the wall surface. The smaller droplets which can 
bounce up to tens of diameters above the surface 
(function of diameters) experience a much cooler 
environment than those closer to the surface, thus it 
takes a relatively longer time to evaporate the smaller 
droplets. The net effect is the exponential factor n < 1. 

Figure 18 shows a comparison of present data with 
that obtained by Tamura and Tanasawa [l] and Mizo- 
moto et aI. [9]. The results for larger droplets agree 
with each other. 

3.4. Heat transfer rate 

For the present problem, the average specific heat 
transfer rate 4, which is defined as the amount of heat 
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FIG. 20. Logarithmic plots of TV vs Do for water droplets. 
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FIG. 21. Dependence of heat transfer rate 4 of heptane, 
hexadecane and water droplets on (TW - TJ. 

transfer per unit cross-sectional area of the droplet 
per unit time, can be expressed as 

4 = (~D,P ,H)/(3%) (2) 

where H = L+ C,,(T,- T,) is the effective heat of 
evaporation and the calculation of Td is shown in the 
Appendix. 

Figure 21 shows the dependence of 4 on wall tem- 
perature above boiling (T, - Tb) and initial drop size 
Do for heptane, hexadecane and water. As expected 
the data demonstrate that the maximum heat transfer 

rate drnax, corresponding to the minimum lifetime of 
the droplet, appear at a wall temperature 50-60°C 
above the boiling point for all three types of liquids. 
Figure 21 also shows the &,, at Leidenfrost tem- 
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FIG. 22. Dependence of heat transfer rate 4 on droplet 
diameter D,, at T,,, and Tu,L. 

peratures which are roughly about 120-C above boil- 

ing for the fuels and 180°C above boiling for water. 
To examine a little closer &,,, at T,, and &,,, at 

T W,L, we have plotted in Fig. 22 4 as a function of D, 

at T,,,c and T,.,L. The data show that timaX at TW,c for 
hexadecane is significantly lower than that for heptane 
and water. This is because basically &,, depends on 
the transient heating time of the droplet residing on 
the surface to be heated to the boiling temperature of 

the droplet. Since the boiling temperature of hexa- 
decane is much higher than heptane and water, there- 

fore (r,),,, is also higher resulting in lower &,,. Figure 
22 also shows that qrnax is independent of D, for hep- 
tane and hexadecane which implies that n is equal to 
or close to 1. The water data shows a decreasing gm,, 
with D, indicating that n is larger than one. At the 

Leidenfrost temperature T,.,,,, for a larger droplet n is 
always larger than one, thus 4 decreases with increas- 
ing D,,. For smaller droplets where droplets can 
bounce ten or more diameters from the wall, n is 
smaller than one and thus 4 increases with increasing 

D,. It appears that the maximum 4 occurs at about 
0.5 mm diameter. At TW,L it appears that 4 for heptane 
is lower than that for hexadecane and water. A plaus- 
ible explanation is that because Tw,L of hexadecane 
which is about 400°C is much higher than that of 
heptane, which is at about 21O”C, therefore radiation 
heat transfer renders cj of hexadecane to be higher. 
In the case of water, because of the large heat of 
vaporization, the effect of vaporization is much less. 

Thus, for the same drop size, the water droplet will 
bounce with a much smaller amplitude thus experi- 
encing a much higher temperature environment. As a 
result, 4 for water is higher that that for heptane at 

Tw.1 

4. CONCLUSION 

The evaporation of a small liquid droplet impinging 
on a hot stainless steel plate has been investigated. 
The evaporation lifetime curves as a function of wall 
temperatures for several fuels, mixture of fuels and 
water have been obtained. Qualitatively the droplet 

lifetime curves as a function of wall temperature arc 
similar for all liquids and all drop sizes. Quantitatively 
there are significant differences. The maximum heat 
transfer rate, which can significantly exceed the value 
of the burning droplet, occurs at 5G60 C above the 
boiling temperature for all pure liquids and Leidcn- 
frost heat transfer rate, occurs at about 120 C for 
fuels and 180°C for water above boiling. Physically, 

beyond the maximum heat transfer point. larger drop- 
lets levitate above the surface whereas smaller droplets 
bounce up and down to many droplet diameters above 
the surface. Thus for the smallest droplets beyond 

the Leidenfrost temperature, T, actually increases with 
wall temperature which is in contrast to the larger 

droplets. The maximum heat transfer rate is indc- 
pendent of drop sizes for fuels and shows a slight 
decrease with increasing drop sizes in the case of 

water. At the Leidenfrost temperature. the data shows 

that the heat transfer rate is maximum at D,, of 

approximately 0.5 mm. 
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APPENDIX. CALCULATION OF DROPLET 
TEMPERATURE (T,,) 

y,-y, 
B= I-Y, 

(A2) 

where Y is the mass fraction. 
For the present calculation, we shall assume that ti can be 

calculated from the measured droplet lifetime T, by 

i = p ,nDi/6r,. (A3) 
Substituting equations (A2) and (A3) into equation (Al) 

and with Y, = 0, one can then solve for the mass fraction 
of the vapor at the droplet surface in terms of z, and D,. By 
assuming the mixtures of vapor and air as ideal gases, one 
can then solve for vapor pressure at the droplet surface as 

P”.d = tit Y,)/W”)[Y,/M” + (I- Yd)/Mal (A4) 

For quasi-steady spherical droplet evaporation in a quiesc- where pt is the total pressure and Al the molecular weight. 

ent atmosphere, the total mass flow rate can be shown to be Finally, the droplet temperature is calculated from the 
Antonie equation 

ti = nd,p, In (I+ E) (Al) 
T,, = 

B, 
--------Cc, (A51 

where D, is the binary diffusion coefficient, p the density and A, -In&, 

B the mass transfer number defined as where A,, B, and C, are Antonie coefficients as in ref. [16]. 

EVAPORATION D’UNE GOUTTELETTE DE LIQUIDE SUR UNE PLAQUE CHAUDE 

RCsumGOn ttudie l’evaporation d’une gouttelette liquide frappant une plaque chaude en acier inoxydable. 
Les liquides sont l’eau, des combustibles hydrocarbures purs ou en melange avec des tailles de goutte allant 
de 0.07 a 1,8 mm. Les temperatures de paroi varient de 63 a 605°C couvrant le spectre complet des 
caracteristiques de transfert thermique entre l’evaporation en film (au dessous de la temperature d’eb- 
ullition) jusqu’a la vaporisation spheroidale (au dessus de la temperature Leidenfrost). IJn svsttme de 
visualisation stroboscopique-video est utilist pour enregistrer le mecanisme variable et pour mesurer la 
duree de vie de la goutte. Qualitativement, la courbe de duree de vie en fonction de la temperature de paroi 
est semblable pour tous les liquides et toutes les tailles de goutte. La densite de flux maximale se produit 
a 5@60 au dessus de la temperature d’ebullition pour tous les liquides purs et le point de Leidenfrost a 
environ 12O‘C pour les combustibles purs et 180’. pour l’eau au dessus de la temperature d’tbullition. Le 
taux d’evaporation maximal peut exceder la vitesse de combustion des gouttelettes. Les visualisations 
montrent qu’au dela du point de transfert thermique maximal, les plus grosses gouttes se soulevent au 
dessus de la surface tandis que les plus petites sautent et descendent de plusieurs diametres. La densite de 
flux thermique maximale est independante des dimensions des gouttes pour tous les combustibles et elle 
decroit legerement avec un accroissement de taille dans le cas de l’eau. A la temperature de Leidenfrost. les 

don&es montrent que la densite de fux thermique est maximale pour un diametre de 0,5 mm environ. 

VERDAMPFUNG EINES FLiiSSIGKEITSTRiiPFCHENS AUF EINER HEISSEN PLATTE 

Zusammenfassung-Die Verdampfung eines kleinen Fliissigkeitstriipfchens auf einer hei5en Platte aus 
rostfreiem Stahl wird untersucht. Als Fliissigkeiten werden Wasser sowie verschiedene reine Kohlen- 
wasserstoffe und Kohlenwasserstoffgemische verwendet. Die TropfchengrdDe liegt im Bereich von 0,07 
bis 1 ,X mm. Die Wandtemperdturen liegen im Bereich zwischen 63 bis 605 ‘C und decken den gesamten 
Bereich der Warmeiibergangs-Mechanismen von der Filmverdunstung (unterhalb der Siedetemperatur) bis 
zur Verdampfung von Fliissigkeitsklgelchen (oberhalb der Leidenfrost-Temperatur) ab. Ein Strobo- 
skop!Video-System wird verwendet, urn den zeitlich veranderlichen Proze5 aufzuzeichnen und urn die 
Lebensdauer der Tropfchen zu messen. Die Lebensdauerkurve der Tropfchen in Abhangigkeit von der 
Wandtemperatur ist fur alle Fliissigkeiten und fur alle Tropfchengr65en ahnlich. Der beste Warmeiibergang 
tritt bei allen reinen Fliissigkeiten 5(f60 C oberhalb der Siedetemperatur auf, das Leidenfrost-Phanomen 
wird bei reinen, brennbaren Stoffen ungefahr 12O’C und bei Wasser ungefahr 180 C oberhalb der 
Siedetemperatur beobachtet. Die maximale Verdampfungsrate kann die Verbrennungsrate von Kohlen- 
wasserstofftropfchen deutlich iibersteigen. Visuelle Beobachtungen zeigen, da5 oberhalb des Punktes fur 
maximalen Warmeiibergang grii5ere Tropfen auf der Oberllache tanzen, w&rend kleine Tropfchen sich um 
bis zu mehrere Tropfchen-Durchmesser iiber der Platte auf- und abbewegen. Das bedeutet, da5 oberhalb 
der Lcidenfrost-Temperatur die Lebensdauer kleinster Tropfchen mit der Wandtemperatur zunimmt-im 
Gegensatz zu gro5eren Tropfen. Der maximale WCrmelbergang ist fur alle brennbaren Stoffe von der 
TropfengrGBe unabhangig und zeigt bei Wasser eine leichte Abnahme mit wachsender Tropfengr65e. 
Bei der Leidenfrost-Temperatur zeigen die MeBwerte ein Maximum des Wirmelbergangs bei einem 

Tropfendurchmesser von ungefahr 0,5 mm. 
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HCrIAPEHME KAIIJIM lKMflK0CTl-i HA HAl-PETOfi I-IJIACTMHE 

hIUOTP~&CnenyCTCK acnapemie He6onbmol KanJIH ~HJIKOCTE, ynapKIOLUefiCK 0 HarpeTyIo nnac- 
THHY ~3 Hepxcasemueii crana.B KawcTBe mwwmefi mnonb3ymTcn Bona,pawmHbIe wmbIe a cMe- 

IlIaHHbIe ymeBonoponebIe TOEJlHBa c pa3wepoM Kanm B miana30He OT 407 A0 1,8 MM. TeMnepaTypbl 
CTCHKB, B3MCHIIK)LUHeCSl B npenenax 63--605”C, OXBaTbIBaiOT BeCb CIICKTP XapaKTCpHCTHK TCIlJIOnC~- 
mea, 0T nneHoqHor0 (Haxce TehtnepaTypbI Kmemin) no c+epomw.nbxoro wnapemia (sbnne ToqKn 

,%ii~CH@pOCTa). hK ~rtiCTpaI@iH HC%TaUHOHapHOrO IIpOWCCa H H3htQCHHK BpCMeHH XCH3HH KaMH 
npurdeHneTcn cTpo6ocKonmeCKan Tenem3kioHHan B83yanri3awin. KpHBan epeMem mi3mi Karma KaK 

~$y~~win TeMnepaTypbl CTeHKH KawcTBeHHo amnorwnia arm Bcex m,qKocTei% H pashlepoe Kanenb. 

MaKcmtanbHan cKopocTb TennonepeHoca na6nmonaeTcn npe TeMnepaTypax, npeebmamuex Ha 

5040°C TorKy uinemin wicmx mwmmefi, a cxopomb TennonepeHoca, xapawepHan ma Toski JIeii- 
nee+pocTa, Ha6nmnaeTcn npti TehtnepaTypax, npeebuuammix Ha 120°C Torxy mnemisi wc~blx Tonne 
” Ha 18o"C-TOYKy KWneHEiR BOJlbI. MaKCliMaJIbHaS CKOpOCTb HCnapHHII MOYCT 3HaWTeJIbHO npBbI- 

maTb cKopocTb rope.Hm Kanenb Tonnma. BEi3yaJIbHbIe Ha6JIIOAeHHn noKa3bIBamT,qTo 38 npenenaMH 

TOYKB MaKCAMa,IbHOrO TeMOnepeHOCa 6onee KpynHbIe KaMH BCMbIBaIOT Han nOBepXHCCTb,O, B TO 

BFMK KaK MeJIKBe IlOJWKaKHBaIOT BBCPX Ha MHOrO .!JHHaMeTpOB Haa IIOBCpXHOCTbIO H O~yCKiUOTCSl BHH3. 

TaKHM o6pa3ohq AJIll KaneJIb MHHHMFiJIbHbIX pa3MepOB IlpH TeMlIepaType BbILUe TeMnepaTypbI neii- 

neH+pOCTa BpeMK xH3HB @aKT&iWCKki BO3paCTaeT C POCTOM TeMllepaTypbI CTeHKli,B CJty'4ae KCe 6onee 

KPYllHbIX Kanenb Ha6JIIOJlaeTCK o6paTHan KapTHHa.h'faKCliMaJIbHan CKOpOCTb Tennonepeiioca &WI wzex 
TOILI~B HesaeeceToTpasMepoaKanenba HecKonbKo CiikixaeTcnc ysenuvewxehswx pa3MepoB ~cny~ae 

BonbI. AaHmde,nonyqeHHble npe TeMnepaTypeJIefinep+pocTa,noKa3bIsa~T,9To cKopocTb Tennonepe- 


