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ABSTRACT

Evaporation characteristics of interacting fuel droplets under the joint effect of ambient pressure, tem-
perature and droplet size and spacing are critical to combustor design and simulation validation. This
work reports an experimental study of evaporating monodisperse ethanol droplets at moderately elevated
temperature (up to 673 K) and pressure (0.1-1.0 MPa). Evolution of droplet size and temperature along
the measurement line and its evaporation rate were simultaneously measured using recently developed
phase rainbow refractometry. The respective effects of the ambient conditions and droplet interactions
on the heat and mass transfer of droplets were jointly studied. The results suggest that at lower ambient
temperatures the droplet evaporation rate decreases with increasing ambient pressure. While at higher
temperatures, the trend is reversed. Moreover, the dimensionless spacing parameter C of the droplets was
well controlled to investigate the effect of inter-droplet interactions on evaporation under different ambi-
ent conditions. Strong droplet interactions, significantly inhibiting the droplet evaporation, were found to
be influenced by ambient pressure. For the specific condition of droplet evaporation under low ambient
temperature (373 K) and high pressure (1.0 MPa), the evaporation rate of droplets with C = 1.85 decreases
by 19.1 % compared to droplets with C = 3.73. Furthermore, the correlations for Nusselt and Sherwood

numbers are inferred by parametric study of the influence of the involved characteristic numbers.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction

Design and simulation of the modern combustion chamber of
liquid-fueled internal combustion devices, such as aero-engines
and direct injection engines, requires an accurate understanding of
heat and mass transfer of the fuel spray. The injected fuel liquid is
atomized into several droplets and evaporates in the hot and pres-
surized gaseous medium. Then the fuel vapour burns and releases
energy for propulsion.

Extensive research has been performed for simulations and ex-
periments of the evaporation on an isolated, stagnant fuel droplet
[1-3]. However, in a practical combustor, the droplet generally ex-
ists in a cluster where the heat and mass transfer are signifi-
cantly dominated by the droplet interactions. Thus, the investiga-
tion of evaporation and combustion of interacting droplets is de-
sirable. Modelling the heat and mass transfer processes involved in
droplet interactions is complex and a challenge [4,5]. From an ex-
perimental point of view, studies dealing with this topic generally
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focused on stationary droplets supported by fibres. Mikami [6] in-
vestigated the combustion of two suspended droplets at ambient
pressure up to 6 MPa under free-falling microgravity conditions.
Results show that the pressure dependence of the burning rate for
interacting droplets is similar to that of the isolated droplet. Wang
et al. [7] studied the evaporation characteristics of three suspended
droplets with equal spacing. The effect of droplet interaction signif-
icantly increases the droplet lifetime. And this influence decreases
with increasing ambient temperature. However, it has been shown
that the droplet suspension technique would significantly increase
the droplet evaporation rate through the energy transfer from fi-
bres to droplets [8].

Recent works have paid extensive attention to avoiding addi-
tional sources of interference by using advanced droplet generation
techniques. The monodisperse droplets stream generator is a use-
ful tool to accurately regulate droplet interactions. For a series of
uniformly arranged droplets, the size, velocity, spacing and temper-
ature of the droplets can be easily adjusted at the injection. Based
on this device, numerous experimental researches have been con-
ducted [9-11]. Generally, the droplet size variation was measured
by using photographic imaging techniques. More accurate light
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scattering bases techniques, such as rainbow refractometry (RR)
and morphology dependent resonances (MDR) [10,11], were also
used to estimate the size and temperature evolutions of droplets
inside a linear array. By using the two-colour laser-induced fluo-
rescence (2cLIF) technique and forward scattering interferometry
(FSI), Virepinte et al. [12,13] and Castanet et al. [14-16] extensively
studied the interaction effect of monodisperse droplet streams.
A dimensionless spacing parameter C, is defined as the ratio of
droplet distance S and diameter D,. The evaporation rate of droplet
streams was also compared with that of the isolated droplet un-
der identical conditions, yielding several empirical correlations n
for interaction modifications. Recently, phase rainbow refractome-
try (PRR) was used to examine the evaporation of droplets stream
[17-19], demonstrating that PRR is a promising tool for measuring
droplets temperature, size, as well as size variation. Nevertheless,
such works of literature on the evaporation of interacting droplets
only consider droplets under atmospheric pressure conditions. The
quantification of how n depends on C in a droplet stream under
pressure conditions has not been well investigated.
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Table 1
Values of ambient temperature t,;,, pressure P,y droplet velocity v4, diameter
Dy and dimensionless spacing parameter C in the experiments.

Parameter

Tamp (K) 293-673

Py, (MPa) 0.1-1.0

vy (m/s) 35

Dy (pem) 153.8 136.6 116.8 108.4
C 3.73 2.94 2.15 1.85

This study is to characterize the evaporation of the mov-
ing ethanol droplet stream under moderately elevated pressure
and temperature conditions by using phase rainbow refractome-
try. Specifically, the time evolutions of temperature and size varia-
tion of droplets for various ambient temperatures (293-673 K) and
pressures (0.1-1 MPa), as well as the spacing parameters C (1.85-
3.73), are determined. The interaction effect on the droplet evapo-
ration is quantified by comparing the experimental results with the
prediction model proposed by Abramzon and Sirignano [20]. And
the correction factor for both heat and mass transfer processes are
calculated from the experimental data.

2. Experimental setup and procedure
2.1. Experimental setup

The experimental setup is shown schematically in Fig. 1. The
experiment is performed inside a high-pressure chamber (up to
1.0 MPa) fed with pressurized nitrogen. The air flow is quietened
by forcing it through a copper foam plate to avoid its destabi-
lization to the droplet stream. The electric coil produces a high-
temperature field in the chamber (up to 673 K). The gas pressure
and temperature can be adjusted and measured by a manometer
and K-type thermocouple array mounted on the chamber enclo-
sure, respectively. All sensors mentioned are connected to a data
logger. The chamber has an inner equivalent diameter of 110 mm
and a height of 160 mm, ensuring a non-saturated condition [21].
Several quartz glass windows are mounted in the wall to provide
optical access.

The tested ethanol liquid is pumped by a syringe into a tube
and then forced through a small orifice. A monodisperse droplets
stream is obtained by imposing a series of tiny pressure distur-
bances on the formed laminar jet through a piezoceramic. By vary-
ing the excitation frequency at any given injection flow rate, we
can alter the droplet size D; and their separation distance S, re-
sulting in a variable dimensionless spacing parameter C. The in-
jection temperature of the liquid fuel Ty is 293 K. At the bot-
tom of the chamber, the fuel liquid is collected and evacuated
through a valve. In addition, the spatial velocity distribution of the
gas around droplet stream is characterized using particle image ve-
locimetry (PIV). The obtained air velocity profile shows that the air
velocity is rather homogeneous with a value ranging between 0.1-
0.3 m/s. The gas flow ensures an almost uniform temperature field
in the chamber and also prevents vapour saturation. Ambient con-
ditions and droplet parameters for each studied case are reported
in Table 1.

A sketch of the experimental setup for the detection of
droplet size, refractive index, and evaporation rate is shown in
Fig. 1 (right). The 532 nm laser sheet illuminates the droplets
stream, and the scattering light of droplets is recorded with the
PRR apparatus 30 mm downstream of the nozzle. The high period-
icity achieved with the monodisperse droplet stream allows con-
verting the droplet moving distance into time. Thus, the diameter
and temperature evolution of the droplet stream can be monitored
as a function of time.
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Fig. 1. Sketch of the experimental setup and the optical access for different optical techniques.

2.2. Droplet temperature, size and evaporation rate measurement

The refractive index of ethanol decreases linearly by 0.0004 for
1 K increase in temperature [22], which can be used to convert
refractive index values into droplet temperature. Since the liquid
inside the chamber is surrounded by high-pressure gas, we are not
able to measure directly the absolute refractive index of but re-
fractive index of droplets relative to the ambient gas. The refractive
index of the ambient gas ng;, as a function of wavelength, temper-
ature, and pressure, is calculated by the Edlen correlations [23]. In
the tested conditions, the refractive index of gas inside the cham-
ber varies from 1.00002 to 1.00273. Nevertheless, the refractive in-
dex of ethanol changes with ambient pressure, and is estimated
using the experimental data obtained from Kanjanasakul et al [24].

Fig. shows a representative PRR image of 117 um ethanol
droplet ejected into the chamber with an ambient temperature of
323 K. Firstly, the recorded rainbow signals are filtered to remove
the ripple structures from the Airy peaks to inverse size D and re-
fractive index n of droplets, as shown in Fig.. The Airy peaks shift
towards the larger angle with height (time), indicating the decreas-
ing temperature of droplets. After that, the ripple structure is ob-
tained by subtracting the Airy rainbow from the rainbow signals.
The phase shifts ¢ between the ripple structures under different
camera rows are obtained from their cross power spectral density.
Once the droplet size D, refractive index n, and phase shift ¢ are
known, droplet size variation can be determined by

A 3n?
2m (8 +10n2)[(n2 —1)/3]/2°

where A is the laser wavelength. Subsequently, the evaporation
rate constant K is expressed as

(D+ AD)?—D? _ 2DAD +O<AD2>

AD = A¢- (1)

Kexp = (2 )

At At At
where At is the measurement time duration depended on droplet
velocity and the spatial resolution of the measuring device, which
is 2.5 ms in this experiment. The term o(AD?/At) is negligible
and thus omitted in subsequent computations. More informations
can be found in our previous work [17,25]. To process the image
shown in Fig., we first extract the light intensity distribution aver-
aged over 20 pixel rows and normalise it for intensity. After fast
Fourier transform (FFT), the Airy peaks is seperated from the high-
frequency ripple structures and is compared to the simulated in-
tensity distribution to search the optimal fitting. Then the droplet
diameter D and refractive index n can be obtained. By subtracting
the Airy peaks from the original rainbow signals, we can obtain

the ripple structures at each pixel row. Then the phase shift A¢ of
ripple structure is calculated using the cross power spectral density
(CPSD). Since all the parameters in Eq. 2 are known, the evapora-
tion rate constant Keyp can be deduced.

It can be seen from Eqs. 1 and 2 that the accuracy of the evapo-
ration rate measurement is mainly affected by the phase shift Ag,
droplet size D and refractive index n. The uncertainty of phase shift
A¢ measurement is mainly introduced by the optical system and
the inversion algorithm, which is about 2% [26]. The accuracy of
the droplet size determination for PRR is within 2 pum, with a rel-
ative uncertainty of approximately 1.5%. The analysis of uncertainty
in refractive index measurements is more complex as the inhomo-
geneity inside droplets also has great effects, in addition to the
errors introduced by the experimental system and inversion algo-
rithm. It is believed that rainbow refractometry may underestimate
the actual temperature values due to the refractive index gradient
within the droplet, and the measurement uncertainties are accept-
able at about 10% [17,27].

3. Evaporation rate model

The Abramzon-Sirignano evaporation model (ASM) [20] is
adopted to describe the heat and mass transfer progresses between
the liquid and gaseous phase. The employed model, derived from
Ficks law, uses the vapour concentration gradient at the droplet
surface as the driving force to induce vaporization. The real gas ef-
fects and the solubility of the surrounding gas into droplets are not
considered [28]. In this way, the differential equations for droplet
mass is given by
nid = ﬂmedDymSh;lln(‘l =+ BM), (3)
where pp, is the droplet density and Dy is the vapour diffusion co-
efficient. And the subscript m represents that reference values for
the gas-mixture physical properties are defined by the 1/3 averag-
ing rule [29]. The Spalding mass transfer number, By, is given by

Yis — Yoo

recalling that Y, s and Y., are the fuel vapour mass fraction at the
droplet surface and at infinity. For ethanol and most hydrocarbons,
the phase transformation process is faster than the vapour trans-
port, resulting in the thermodynamic equilibrium of liquid-vapour
at the droplet surface. It is thus assumed that the vapour concen-
tration is at saturated condition. Thus the surface vapour molar
fraction xys can be estimated using Raoult’s law,

Pvs _ psat. (5)
Pamb Pamb

Xvs =
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Fig. 2. Rainbow image of 117 wm ethanol droplet at ambient temperature of 323 K (a). The extracted Airy rainbow signals (b) and ripple structures (c).

And the saturated vapour pressure psq is calculated by Clausius-
Clapeyron equation.
Shy, is the modified Sherwood number, yielding,

Shi, = 2 + 0.6Re}/*Sc;, (6)

where Re; and Scp, are the droplet Reynolds number and Schimidt
number, respectively.

For small size of transparent droplets, the effects of thermal ra-
diation is negligible, and thus the radiative heat flux is not consid-
ered. Assuming the uniform temperature inside droplet, the energy
balance equation for the droplet is expressed as

P = Dy — D,

= G DgNus ki (Ty — Ty) — Lymig, (7)

where @, is the heat flux exchanged from gaseous phase and
@, is the latent energy of evaporation for vapour diffusing out.
®¢ =myc, - dTy/dt is the sensible energy entering the droplet to
increase itself temperature, where c,; is the specific heat of lig-
uid. T; and T; are the temperature of gaseous phase and droplet,
respectively. k;, is the thermal conductivity of the gas-vapour mix-
ture. L, is the latent heat of vaporization and Nuj, is the modified
Nusselt number,

Nujy, = 2+ 0.6Re)/*Pry>, (8)

where Pr is the Prandtl number. The correction factor G is defined
as G =In(1+ Br)/Br. By is the Spalding thermal energy transfer
number following the relation,

Br=(1+By)¥ -1, 9)
where

_ (v )(Shn) 1
¢= (cp,g> (Nu*m Len’ (10)

Lem = km/(Cp,mpmDm) is the Lewis number.
4. Results
4.1. Effects of ambient temperature and pressure

To determine the respective influence of the ambient and in-
jection parameters, droplets generated at the same excitation fre-
quency are selected for the following analysis. Here the droplet ini-
tial diameter is 117 wm and its spacing parameter C is 2.15. Fig. 3
shows the temporal variation of normalized droplet size square at
different ambient temperatures. As the measurement started from
a certain distance after jet disintegration, the droplet heat-up pe-
riod is not observed in this figure. As expected, increasing the am-
bient temperature leads to an increase in droplet evaporation rate.
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Fig. 3. Normalized squared droplet size with time for various ambient tempera-
tures.

For instance, as the temperature is raised from 293 K to 673 K, the
evaporation rate increases from 0.0093 mm?/s to 0.0308 mm?/s.
As can be seen in Fig. 3, at the ambient temperature with 523 K
and 673 K, the fluctuation of the rainbow pattern occurs in the
initial measurement stage ((t/Dg)? < 0.1), which is caused by the
tiny oscillation of the droplet [30]. The liquid ligaments generated
after jet breakup firstly transform into oscillating droplets under
the action of surface tension. And the oscillation amplitude decays
due to the viscosity, leading to the droplet at an equilibrium state.
When the ambient temperature rises, droplets are heated by the
surrounding gas, resulting in an increase in droplet temperature
and a decrease in its viscosity. Therefore, the droplet oscillation is
not dissipated completely by the viscosity during this period and
leads to the fluctuation of rainbow patterns. The phase shift in-
duced by droplet oscillation is superimposed on the phase shift
caused by evaporation. This phenomenon has a negligible effect on
the measurement of evaporation rate, as it is determined by a lin-
ear fit.

Previous numerical and experimental investigations [4,31] show
that the gaseous temperature affects the way the droplet evapora-
tion rate varies with ambient pressure. Therefore, the gas tempera-
ture should be considered when analyzing the droplet evaporation
characteristics at various ambient pressure. Fig. 4 shows the tem-
poral evolution of the experimentally obtained droplet normalized
size and temperature. Noted that due to the non-negligible aero-
dynamic effects arising at higher ambient temperature, the liquid
irregularities disrupt the jet surface, resulting in the jet disintegra-
tion in the second wind-induced breakup regime [32]. At T, =
293 K and p,mp = 1.0 MPa, the generated droplets are not uniform
and smaller than the jet diameter, and hence not shown. In the
cases of ambient temperatures of 273 and 373 K, the droplet heat-
ing is almost completely compensated by the evaporation cooling
effect.In Fig. and Fig. 4d at higher ambient temperatures, more
heat is transferred to the interior of the droplet and the initial
droplet temperature increases. Additionally, the droplet tempera-
ture reaches higher values at higher ambient pressure, because the
evaporation of the droplet is hindered and less heat is lost for
evaporation.

Over 100 rainbow images were recorded and processed under
each experimental condition to ensure the reliability of the experi-
ment. By calculating the slope of droplet size history, the evapora-
tion rate constant Kexp can be obtained and is presented in Fig. 5
for each case. And the relative errors for evaporation rate con-
stant are within 10%. It can be seen that the droplet evaporation
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rate decreases with the ambient pressure at lower gas tempera-
ture (Fig. and), but increase at higher gas (Fig. and 4 d). This trend
is attributed to the phase equilibrium between the vapour at the
droplet surface and surrounding gas. At lower ambient tempera-
ture, increasing the ambient pressure decreases the vapour mass
fraction at droplet surface (py s), thus reducing the evaporation rate
(Eq. 5). However, once the droplet surface temperature reaches a
certain value where the increased rate of saturated vapour pres-
sure promotes the evaporation rate more than the inhibition ef-
fect of the increase in ambient pressure, as demonstrated by Eq. 4,
exacerbating the evaporation rate. This suggests the existence of
a threshold ambient temperature which determines whether the
ambient pressure would enlarge or reduce the droplet evaporation
rate.

4.2. Effects of droplet interaction

As mentioned before, the effect of interaction between droplets
has been numerically and experimentally studied [13,16], deriv-
ing several C dependent corrective factors. In this experiment, the
spacing parameter C is modified by changing the excitation fre-
quency of the piezoelectric ceramics. The joint effects of ambient
temperature and pressure together with the interaction of droplets
are investigated in this section.

Fig. 6 shows the experimental evaporation rate constant Kexp
for the ambient temperature of 373 and 673 K, pressure from 0.1
to 1 MPa, and droplet dimensionless spacing parameters from 1.85
to 3.73. As expected, increasing the spacing parameter C causes an
augmentation of droplet evaporation rate for all cases. As an ex-
ample for ambient pressure at 0.1 MPa, decreasing the spacing pa-
rameter from 3.73 to 1.85 at 373 K Fig. 6a) reduces the droplet
evaporation rate by 19.1%, and at 673 K (Fig. 6b) this value is 18.7%.
Actually, decreasing the droplet relative spacing increases the am-
bient fuel vapour concentration (Y,), resulting in a decrease in
the Spalding number By (Egs. 4 and (5) and consequently, the
reduction of mass diffusion. It also indicates that this tendency
of droplet interaction affecting evaporation is almost independent
of the ambient temperature at atmospheric pressure. Results of
droplet temperature indicate that the energy transfer from the am-
bient gas to droplet is insensitive to the spacing parameter, which
is consistent with conclusion obtained by Lavieille [33] et al.

It can be seen from Fig. 6 that the way ambient pressure
changes droplet interactions on evaporation varies at different
temperatures. At lower ambient temperature (373 K), as presented
in Fig. 6a, for Py, = 0.1 MPa, the increase of droplet evaporation
as expanding droplet spacing from C = 1.85 to 3.73 is 19.1%, while
for 1.0 MPa the value is 11.3%. In contrast, as the ambient tempera-
ture increases to 673 K, shown in Fig. 6b, the effect of interactions
on evaporation is almost identical at different pressures. Therefore,
it can be concluded that the effect of droplet interaction is promi-
nent for higher ambient pressure at lower ambient temperature. In
the following, the underlying mechanism will be identified by the
competitive effects of mass and heat transfer on droplet evapora-
tion.

To include the influence of droplet interactions, Castanet et al.
[16] introduced the reduction factors nr and 7, as

and 1y = Shexp/Shiso, (11)

where Nuexp and Shis, are derived using Eq. 8 and 6. Furthermore,
based on the assumption of unitary Lewis number, ny is equal to
num, indicating the similarity between the heat and mass transfer.

The experimental Sherwood and Nusselt number are calculated
from the temperature history and evaporation rate of the droplet
stream,

N1 = Nuexp/Nujgo

3Kexp

Shexp = 2Dy mIn(1 + Byy)’

(12)
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Fig. 4. Variation of normalized squared droplet diameter under different ambient conditions: 4 a 293 K, 4 b 373 K, 4 ¢ 523 K and 4 a 673 K.

Since all the parameters on the right side of Egs. 12 and 13 are
0.035 - } } either known a priori (gaseous mixture properties) or can be de-
I i } % duced (Ty, Kexp and dT,/dt), the values of ny and nr can be calcu-
0.030 |- lated directly from the experimental results. Meanwhile, the phys-
ical properties of the liquid and gas phases can be considered as
0.025 |- constants due to the small change in temperature. Noted again that
© 3 the measurement may underestimate the value of dT;/dt and, con-
“e 0020 | 2 3 z sequently, ny. The calculated values of 1y and ny are shown in
£ £ Fig. 7. As expected, the interaction parameters for both heat and
j 0015 F 4 mass transfer increase with the dimensionless spacing parameters
i o T _—793K C. Castanet et al. [34] suggested the following formulation of the

000} g a ] 5 Ta’“" . droplet interaction phenomena,

amb ~
N D I i =) (8
1 1 1 1 1 * Tamb 673K

For P, = 0.1 MPa, this formula is approximately valid. And the
obtained value of n(C) is compared with the correlation proposed
P,p (MPa) by Virepinte et al. [12], which is expressed as
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Fig. 5. Droplet evaporation constants Ke, at various ambient temperatures and 7(C) = 0.58 — 0.42|:EXD[—0.19 -(C—=5)]—exp[0.6- (C— 5)]:|

pressures. exp[—0.19 - (C—5)] + exp[0.6 - (C—5)]
(15)
and Fig. 8 summarized the values of 1(C) at P, = 0.1 MPa from
Nifoo — _Pm 2Dycp mdTy/dt — 3LyKexp (13) Fig. 7 and the regression curve calculated by Eq. 15 which yields
exp = .

12Gkp, Ty — Ty a regression coefficient of R? = 0.9835. However, Eq. 14 is limited
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Fig. 7. The value of ny and nr as a function of dimensionless spacing parameter C
for various experimental cases.
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Fig. 9. Ratio of mass and heat reduction coefficient (ny/ny) for various experimen-
tal cases.

to the cases of droplet evaporation at atmospheric pressure. The
comparison of the values of 1y, and 5y in Fig. 7 highlights that
Nuexp/Nujs, and Shexp/Shis, can have completely different values at
higher ambient pressure. For the cases T, = 373 K, the values
of 1y at 1 MPa are significantly lower than for the ones in case
0.1 MPa. And the difference is as high as 20% for the dimension-
less spacing parameter C = 3.73. The values of 5, however, remain
almost identical. Besides, for the case 673 K, the values of nr at 1
MPa are slightly higher on average by 9% compared to atmospheric
conditions.

To quantify this difference, we define the ratio of the mass and
heat reduction coefficient (ny,/n7), as presented in Fig. 9. The re-
sults of experiments conducted at atmospheric pressure (0.1 MPa)
essentially satisfy ny = nr for both temperature conditions, which
is consistent with the above description. Under pressurised con-
ditions, however, this relationship no longer holds. At lower am-
bient temperature (373 K), the ratio nr/ny reaches around 0.85,
while at higher temperature (673 K) the value is around 1.10. This
is because the vapour diffusion followed Fick’s law and tempera-
ture followed Fourier’s law are not equivalent in the present con-
dition due to non-unity Lewis number. At lower ambient tem-
perature, the pressure further reduces the vapour mass fraction
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on the droplet surface, thus reducing the Spalding number By,
and enhancing droplet interactions on evaporation. Whereas the
temperature is higher, the pressure promotes the heat transfer
from the surrounding gas to the droplet, increasing the Spald-
ing heat transfer number By and thus weakening the effect of
droplet interaction. This suggests that the way ambient pressure
affecting the interaction between droplets depends on the ambient
temperature.

5. Conclusions

In this study, the effects of ambient temperature (293-673 K),
pressure (0.1-1 MPa), as well as droplet interaction, on the evap-
oration behaviour of ethanol droplet stream are investigated. The
time revolution of droplet temperature and size variation are si-
multaneously determined using phase rainbow refractometry.

At first, the effects of ambient temperatures and pressures on
droplet evaporation were quantitatively examined. Since the effects
of inter-droplet interactions are inherently present in this experi-
ment, the droplets generated under the same excitation frequency
are arranged to be analysed, ensuring that no additional effects of
droplet interactions were introduced. The behaviour of droplet va-
porization characterized in this work is consistent with [1,31] in
the presence of temperature and pressure variations. In the present
work, we mainly focus on the identification of the way droplet in-
teraction affects evaporation for various ambient conditions.

The impact of the strong interaction is examined by the dimen-
sionless spacing parameter C in the range of 1.85-3.73 under vari-
ous ambient conditions. The interaction parameters 7 for both heat
and mass transfer were directly estimated from the experimental
obtained instantaneous droplet temperature and evaporation rate.
The results suggest that, the evaporation rate of droplets decreases
with the decreasing dimensionless spacing between droplets in all
the ranges investigated. The values of the interaction parameters
for heat and mass transfer, however, were not identical at the cer-
tain dimensionless spacing parameter, and the difference is influ-
enced by the ambient conditions. At lower ambient temperatures,
the pressure enhances the droplet-droplet interaction by further
reducing the Spalding mass transfer number. And at higher am-
bient temperatures, pressure slightly diminishes the droplet inter-
action by increasing the Spalding heat transfer number. The in-
teraction parameters 1 of heat and mass transfer were estimated
directly from the experimentally obtained instantaneous droplet
temperatures and evaporation rates. It is believed that the com-
petition between heat and mass transfer changes the way ambient
conditions affect droplet interaction.

The unitary Lewis number (Le), considering that the mass and
heat diffusivity are equal near the droplet surface, is widely used
as an assumption in the heat and mass transfer analysis of fuel
droplets. For specific cases in this study, however, the experimen-
tally estimated Lewis number varies approximately from 0.85 to
1.10. Therefore, for the practical combustor involving dense spray
under high temperature and pressure, the assumption of unity
Lewis number may not be correct. The experimental results may
provide a viable data source for the modelling of the evaporation
of interacting droplets under the effect of ambient conditions and
potentially provide some insights for optimizing the spray in prac-
tical energy applications.
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