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Abstract

A new experimental set!up is introduced where the evaporation of free falling\ non!interacting droplets is investigated[

Detailed measurements with one! and two!component droplets are presented for di}erent pressures "p : 39 bar# and

gas temperatures "T : 549 K#[ The experimental results are compared with numerical calculations based on the

Conduction Limit model and the Di}usion Limit model[ Þ 0888 Elsevier Science Ltd[ All rights reserved[

Nomenclature

Bm mass transfer number

BT heat transfer number

cp speci_c heat at constant pressure

cw drag coe.cient

dd droplet diameter

Dg binary gaseous di}usivity

DA\B binary liquid di}usivity

F correction factor for relative change of _lm thickness

` gravity constant

L enthalpy of evaporation

Le Lewis number

m
¾

mass ~ow

n number of fuel components

Nu Nusselt number

p pressure

Pr Prandtl number

Q
¾

heat ~ux

r radial coordinate

rd droplet radius

Re Reynolds number

t time
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"K[ Prommersberger#

Sc Schmidt number

Sh Sherwood number

T temperature

u velocity

x distance

Y mass fraction[

Greek symbols

o evaporation rate

l thermal conductivity

r density

v dimensionless radial coordinate[

Subscripts

crit critical

d droplet

f fuel vapour

g gas phase

i fuel component

ref reference

rel relative

s droplet surface

vap vaporisation

� in_nity

9 initial state

9 without evaporating mass ~ow

� evaporating mass ~ow included[
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0[ Introduction

The combustion of liquid fuels in thermal engines is

mainly in~uenced by the atomization of the liquid fuel\

the motion and evaporation of the fuel droplets\ and the

mixing of fuel and air[ Since the pressure level of the

combustion engine has to be elevated to increase thermal

e.ciency\ these processes take place typically in a high

pressure environment[ In modern gas turbine engines\ for

example\ the pressure inside the combustion chamber

reaches or even exceeds the critical pressure of the fuel

used[ In the past many experimental studies have been

done in order to characterise the behaviour of evapor!

ating fuel sprays ð0Ð3Ł[ They all found that spray model!

ling strongly depends on correct prediction of the droplet

motion and evaporation[

Typical fuels consist of many di}erent hydrocarbons

and it is shown in Law et al[ ð4Ł and Sirignano and

Law ð5Ł\ that the evaporation process of the fuel mixture

cannot be described correctly by one!component fuels[

This is due to the great variety of the thermophysical and

chemical properties and the di}erent volatilities of the

fuel components[ Especially during cold starting con!

ditions of the engine\ when the temperature of the ambi!

ent gas is low\ the highly volatile components of the fuel

play an important role for ignition and burning processes

of the engine[

Numerous theoretical studies have been carried out

describing droplet evaporation in a high pressure gas ð6Ð

00Ł[ They take into account the real gas behaviour\ the

variation of the thermophysical properties\ the non!ide!

ality of the latent heat of evaporation and the non!ideal

phase equilibrium including the solubility of the ambient

gas inside the droplet[ These points are found to be

extremely important for the correct prediction of the

droplet evaporation in high pressure environments[ Since

the droplet temperature rises with increasing pressures\

the unsteady heating of the droplet a}ects signi_cantly

the droplet evaporation process under high pressure con!

ditions and steady state evaporation cannot be obtained[

If the pressure and the temperature of the gaseous

environment is su.ciently high\ the droplet may reach

the critical point during its evaporation time[ These con!

ditions are reached for example in liquid oxygen com!

bustion systems[ Delplanque and Sirignano ð02Ł apply

new evaporation models in this region\ since the surface

tension and the heat of evaporation become zero[

However\ Hsieh et al[ ð7Ł found in a theoretical study that

for pentane droplets subcritical models can be used up to

54 bar[

Only a few experimental studies have been published

describing the droplet evaporation process in high

pressure environments ð03Ð05Ł[ In order to exclude grav!

ity and convective e}ects on the evaporation process

some experiments on high pressure droplet vaporisation

were carried out in microgravity environments[ These

experiments have been conducted with droplets attached

to a thin _ber resulting in the impairment of the droplet

evaporation process due to the suspension unit[ Shih and

Megaridis ð08Ł have shown that these kinds of experi!

ments will lead to an overestimation of the liquid evap!

oration rates and underprediction of the droplet lifetimes[

No experiments considering two! or multi!component

droplet evaporation in high pressure atmosphere have

been published yet[ The present study is intended to

describe the evaporation of one! and two!component

droplets in a high pressure environment by experimental

methods and numerical simulation[ Two!component

droplets are chosen as a simpli_cation to describe the

in~uence of the liquid mixture and the di}erent vola!

tilities of the components on the evaporation process[

The present study introduces a new experimental set!

up where the evaporation of free falling droplets in a

stagnant high pressure gas is investigated[ There is no

need of a suspension of the droplet and the evaporation

process can be observed without any disturbing in~uence[

Since the distance between the evaporating droplets is

large\ there is no interaction of the droplets[ Due to

the relative velocity between the falling droplet and the

stagnant gas\ convective e}ects have to be taken into

consideration by experimental correlations[ The exper!

imental conditions of droplet size\ droplet initial tem!

perature\ ambient temperature and pressure were chosen

to achieve a signi_cant e}ect of multicomponent fuels on

the evaporation process[ In comparison with a combustor

spray\ the free falling droplets are one order of magnitude

larger but their velocities are lower[ Therefore the Reyn!

olds number is comparable to conditions of combustion

chambers[

In order to describe the convective e}ects\ the theory

of Abramzon and Sirignano ð19Ł is combined with the

experimental correlation of Ranz and Marshall ð10Ł[ The

experimental results are compared with the Conduction

Limit model of Law and Sirignano ð11Ł and the Di}usion

Limit model of Landis and Mills ð12Ł assuming only

di}usive heat and mass transport within the droplet[

Aggarwal ð13Ł\ Tong and Sirignano ð14Ł and Jin and Bor!

man ð15Ł showed theoretically\ that the in~uence of a ~ow

inside the droplet on transport processes is of minor

importance compared to the internal radial di}usional

heat and mass transport[ This is also con_rmed by the

experimental study of Stengele et al[ ð16Ł for heptane

droplets[

1[ Droplet evaporation model

The present model describes the evaporation process

of an isolated evaporating droplet in a convective ~ow

_eld[ The ~ow around the droplet is assumed to be lami!

nar[ Variable thermophysical properties have been used

inside the droplet and the surrounding gas to account for



J[ Sten`ele et al[ : Int[ J[ Heat Mass Transfer 31 "0888# 1572Ð1583 1574

Table 0

Thermophysical properties of gases and liquids ð18\ 29Ł

Property Method Pressure correction Mixing rule

Liquid properties

Density Hankinson and Thomson Thomson et al[ Hankinson and Thomson

Speci_c heat capacity Rowlinson * Teja

Dynamic viscosity Van Velzen et al[\ Letsou and Stiel Lucas Grunberg and Nissan

Thermal conductivity Jamieson Lenoir Li

Di}usion coe.cient Vignes\ Hayduk and Minhas * Perkins and Geankoplis

Gas phase properties

Density SoaveÐRedlichÐKwong SoaveÐRedlichÐKwong van der Waals mixing rule

Speci_c heat capacity Polynom 2[ degree Lee and Kesler Plocker et al[

Dynamic viscosity Lucas Lucas Lucas

Thermal conductivity Roy and Thodos\ Miller et al[ Stiel and Thodos Yorizane et al[

Di}usion coe.cient Fuller et al[ Takahashi Bird et al[

the variation of temperature and concentration ð17Ł[ The

correlations necessary to determine the physical proper!

ties are taken from Reid et al[ ð18\ 29Ł and listed in Table

0[ The following simpli_cations are assumed in the model]

the droplet evaporates in an inert atmosphere[ The inter!

face between liquid and gas phase is assumed to be in

thermodynamic equilibrium[ Radiative heat transfer is

neglected ð20Ł[ Fick|s law is used to calculate mass

di}usion[ Dufour and Soret e}ects are not considered[

The evaporation process is assumed to be spherically

symmetric\ the asymmetric convective e}ects on the evap!

oration process are included implicitly in the correlations

of Ranz and Marshall ð10Ł[

1[0[ Gas phase equations

In the present model the gas phase is assumed to be

quasi!steady[ Delplanque ð21Ł showed that this assump!

tion is valid for typical high pressure spray application\

since the characteristic time of the ~ow around the drop!

let is much smaller than the droplet lifetime[ Applying

the integral solution of the governing equations ð22Ł and

the extended _lm theory of Abramzon and Sirignano ð19Ł

the evaporating mass ~ow of the droplet and the heat

transfer from the hot environment towards the droplet

are calculated as follows[

The convective e}ects on the heat and mass transfer of

the evaporating droplet are determined by equations "0#

and "1#[

Nu� � 1¦
Nu9−1

F"BT#
"0#

Sh� � 1¦
Sh9−1

F"Bm#
"1#

The radially outward directed ~ow of evaporating droplet

is described by correction factors for heat transfer F"Bm#

and mass transfer F"BT#[

F"Bm# � "0¦Bm#9[6
ln "0¦Bm#

Bm

"2a#

F"BT# � "0¦BT#
9[6

ln "0¦BT#

BT

"2b#

The correlations of Ranz and Marshall ð10Ł are used to

calculate Nu9 and Sh9 in equations "0# and "1#[

Nu9 � 1¦9[5zRed Pr0:2 "3#

Sh9 � 1¦9[5zRed Sc0:2 "4#

The evaporating mass ~ow of the droplet is obtained

by the integrations of the quasi!steady energy and mass

equations[

m
¾

vap � 1prd

lg[ref

cpg[ref

Nu� ln "0¦BT# "5#

m
¾

vap � 1prdrg[refDg[refSh� ln "0¦Bm# "6#

where BT and Bm are the Spalding heat and mass transfer

numbers[

BT �
m
¾

vapcpg[ref
"Tg\�−Tg\s#

Q
¾

tot

"7#

The mass ~ow rate of the fuel vapour components and

the mass transfer number is determined by equations "8#

and "09#[

0¦Bm �

s
n

i�0

Yi\f\�−0

s
n

i�0

Yi\f\s−0

�
Yi\f\�−oi

Yi\f\s−oi

"8#
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oi �
m
¾

vap\i

m
¾

vap

\ s
n

i

oi � 0 "09#

In contrast to the theory of Abramzon and Sirignano ð19Ł\

the speci_c heat capacity of the pure vapour is replaced by

the speci_c heat capacity of the vapour:gas mixture[ The

thermophysical properties necessary are obtained by the

0:1!rule of Renksizbulut and Yuen ð23Ł[ The only excep!

tion is the gas density of the Reynolds number\ which

is calculated at free stream conditions ð24Ł[ Combining

equations "5# and "6# the following relationship is

obtained[

BT � "0¦Bm#0 Sh�:LegNu�−0 "00#

The calculation procedure starts from equation "6# where

the evaporating mass ~ow of the liquid fuel is calculated[

From this\ BT is determined by equation "00#[ This has

to be done by iteration[ Then\ the total heat transfer from

the surrounding gas towards the droplet is calculated

using equation "7#[

1[1[ Droplet motion

The equation of droplet motion is obtained by the

balance of forces[ For reasons of simplicity\ the motion

of the droplet and the gas ~ow is assumed to be one!

dimensional[ The gravity forces and the buoyancy forces

are also included\ since they a}ect the evaporation pro!

cess of the droplet in the experiments presented here[

dud

dt
� −

2

3

rg

rd

cw

dd

urel"ud−ug#¦00−
rg

rd1 ` "01#

The drag coe.cient is calculated by the correlation of

Renksizbulut and Haywood ð25Ł where the ~ow of the

evaporating fuel radially outward is included[ The Reyn!

olds number is calculated again with the free stream den!

sity ð24Ł[

cw"0¦Bm#9[1 � 9[25¦4[37 = Re−9[462
d ¦

13

Red

"02#

After solving equation "01# the position of the evap!

orating droplet is determined from kinematics[

dxd

dt
� ud "03#

1[2[ Liquid phase equations

In the present paper the Conduction Limit model ð11Ł

and the Di}usion Limit model ð12Ł are used to describe

the heat transport inside the droplet[ Since convection

within the droplet is neglected\ the liquid phase equations

reduce to the conservation of species and energy[ For

one!component droplets "Conduction Limit model# only

the conservation of energy has to be considered[ The

describing di}erential equations have to be solved

numerically[

rdcp\d

1Td

1t
�

0

r1

1

1r 0r1
dld

1Td

1r 1 "04#

1"Yi\drd#

1t
�

0

r1

1

1r 0rdr
1DA\B

1Yi\d

1r 1 "05#

The instantaneous droplet diameter is derived from the

mass balance around the droplet[

drd

dt
� −

0

rd\sr
1
d
0
m
¾

vap

3p
¦g

rd

9

1rd

t
r1 dr1 "06#

Since the droplet diameter changes during the evap!

oration process\ the radial coordinate in the gas phase

and liquid phase is non!dimensionalized by the instan!

taneous droplet diameter[ With this transformation the

droplet surface is always located at v � 0 resulting in the

simpler solution procedures of equations "04# and "05#[

v �
r

rd"t#
"07#

In order to determine the temperature and fuel dis!

tribution inside the droplet the following initial and

boundary conditions are applied[ The initial temperature

and concentration within the droplet is assumed to be

uniform[ The boundary conditions result from symmetry

at the droplet centre and the conservation of energy and

mass at the droplet surface[ These are expressed in terms

of Neumann conditions[

1Td

1r br�9

� 9 "08#

1Yi\d

1r b9 � 9 "19#

rdDAB

1Yi\d

1r bs �
0

3pr1
d

"m
¾

vapYi\d\s−m
¾

vap\i# "10#

3pr1
dld

1Td

1r brd � Q
þ

tot−m
¾

vapL "11#

where Q
þ

tot is the total heat ~ux in equation "8# and m
¾

vapL

represents the latent heat of evaporation[

1[3[ Phase equilibrium at hi`h pressure

This model assumes that the gas:liquid interface is in

thermodynamic equilibrium[ In contrast to low pressure

applications\ where Raoul|s law is valid\ the deter!

mination of the phase equilibrium in high pressure

environments has to consider real gas e}ects and the

solubility of the ambient gas inside the droplet[ Addition!

ally\ in high pressure applications the latent heat of evap!
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oration is a function of pressure and temperature as well[

These e}ects are described in a previous paper ð00Ł\ in

detail[ In the present study the gas dissolved within the

droplet is con_ned in the outermost layer of the droplet[

It turned out that the gas di}using towards the droplet

centre does not a}ect the evaporation process of the

droplet[

1[4[ Solution procedure

An implicit scheme is used to discretise the di}erential

equation within the droplet resulting in a linear equation\

which is solved directly by a TDMA solution procedure

"Tridiagonal Matrix Algorithm# ð26Ł[ A uniformly spaced

grid with 099 grid points is applied[ The accuracy of the

calculated solution is strongly dependent on the mag!

nitude of the chosen time step[ It is limited to a maximum

by three di}erent criteria]

, The increase of the droplet temperature during one time

step is limited to a maximum[ This is important at the

beginning of the evaporation process\ when the droplet

heats up rapidly[

, The maximum diameter regression may not be

exceeded[ This criterion is applied towards the end of

the evaporation process\ when the diameter regression

of the droplet is high[

, The time step is generally limited to a maximum[

2[ Experimental set!up

For the experimental veri_cation of the droplet evap!

oration model a new test section was built where single

droplets evaporate under well de_ned conditions[ The

maximum pressure inside the pressure chamber is 39 bar\

the maximum temperature 699 K[ Nitrogen is chosen as

the test gas in order to exclude any combustion processes[

Figure 0 shows the cross!sectional view of the cyl!

indrical pressure chamber[ Within the pressure chamber a

heating tube was inserted wherein the droplets evaporate[

The heating tube is operated by two isolated electrical

resistance wires with a power of 1199 W each[ One wire

heats the upper part of the evaporation zone\ the other

wire the lower part[ In order to minimise heat losses

and temperature gradients within the evaporation zone\

insulating material has been put between the heater and

the pressure chamber\ and additional windows "inner

windows# have been inserted in the heating tube[

The total length of the evaporation zone is 499 mm\ the

diameter is 54 mm[ With these dimensions droplet:wall

interactions are excluded[ The evaporation of the drop!

lets is observed through quartz glass windows[ The

instantaneous size and the velocity of the droplets are

measured simultaneously by video technique and a

stroboscope lamp[ The diameter of the droplet is deter!

Fig[ 0[ Pressure chamber[

mined by a _xed enlargement factor of the optical set!

up[ The biggest lens aperture was chosen to minimise

errors by the depth of focus[ The velocity of the droplet is

obtained by the known ~ash frequency of the stroboscope

lamp and the distance between the two shadow images

of the same droplet in one interlace picture[ Since the

droplets enter the evaporation zone with identical con!

ditions\ the measurements can be conducted at di}erent

positions in di}erent times[ The smallest droplet size

detectable was approximately 299 mm[ At this point over

89) of the initial droplet mass is evaporated[ Measure!

ments with smaller droplets turned out to be di.cult\

since minor inhomogenities in the gas phase a}ect the

movement of the droplet and the evaporation distance

signi_cantly[ The accuracy of the measuring systems was

219 mm for the droplet size and 29[94 m s−0 for the

droplet velocity[ The standard deviation of the measure!

ments varied between 1 and 7)[

The droplets are generated in the upper part of the

pressure chamber and fall down due to gravity through

the high temperature stagnant nitrogen gas[ In Fig[ 1 the

schematic view of the droplet generator is shown[ Due to

constant fuel mass ~ow through a thin glass capillary

tube a droplet is generated at its tip[ The diameter of the

droplet increases until the weight of the droplet exceeds
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Fig[ 1[ Droplet generator[

the cohesion forces\ the droplet separates from the capil!

lary tube and enters the evaporation zone[ With this static

technique droplet diameter are limited to 0 mm or larger\

since the diameter of the capillary can not be decreased[

With a forced separation the droplet size can be further

reduced[ This is realised by a movable droplet generator

lifted by an electromagnet and then released again hitting

a stroke device[ The droplet falls o} the glass capillary

tube and enters the evaporation zone[ With this technique

droplets are produced in a diameter range between 599

and 899 mm[ If the mass ~ow through the capillary tube

is constant and the frequency of the up and down move!

ment of the droplet generator is also constant\ mon!

odisperse droplets are produced[ Constant di}erential

pressure between the fuel tank and the pressure chamber

is crucial to obtain constant mass ~ows[ Depending on

the frequency and the mass ~ow\ the distance between

the droplets can be adjusted arbitrarily within distinct

boundaries[ In the present study\ the droplet distance

was more than 099 times the initial droplet diameter\

therefore\ any interaction between the evaporating drop!

lets was excluded[ Inside the cavity surrounding the glass

capillary\ a thermocouple element is inserted close to the

capillary tip to determine the initial temperature of the

droplet[ This temperature is important for the com!

parison of the numerical and experimental results[ The

droplet generator is cooled by water in order to keep

constant the droplet initial temperature[ To avoid block!

ing by trapped nitrogen\ the droplet generator is vented

regularly by means of a valve[

In Fig[ 2 an overview of the whole test section is shown

including all temperature and pressure measuring

locations[ In addition\ valves\ piping\ heaters "H0 and H1#

and control units are presented[ In order to compensate

pressure ~uctuations a gas reservoir was connected to the

fuel tank[ The pressure di}erence between fuel tank and

pressure chamber is measured permanently[ Before _lling

with nitrogen gas\ the test section is evacuated to avoid

any residual oxygen inside the evaporation zone[

3[ Results

The experiments with two!component droplets were

carried out with binary mixtures of n!pentane and n!

nonane[ Two di}erent initial droplet mixtures

"Yd\9\pentane � 9[2\ Yd\9\nonane � 9[6 and Yd\9\pentane � 9[6\

Yd\9\nonane � 9[2# were investigated[ For comparison and

limiting cases\ experiments with one!component droplets

consisting of n!pentane or n!nonane were conducted[

More results of one!component droplet evaporation can

be found in ð16Ł[ The gas pressure of the nitrogen environ!

ment was p � 19\ 29 and 39 bar\ the gas temperature

T� � 499 K and 549 K[ The initial droplet diameters

varied between dd\9 � 539 and 719 mm[

For p � 39 bar and T� � 549 K\ the critical pressure

and the critical temperature of the droplet components

were exceeded "Tcrit\pentane � 369 K\ pcrit\pentane � 22[6 bar

and Tcrit\nonane � 484 K\ pcrit\nonane � 12[0 bar#[ However\

the calculated droplet temperature was well below the

critical temperature of the fuel mixture[

In the following _gures\ the diameter and the velocity

of the droplet are plotted over the evaporation distance[

The symbols indicate the measured values\ and the solid

lines represent the calculated values[ The initial droplet

velocity results from the droplet acceleration between the

glass capillary and the entrance of the evaporation zone[

It is for all conditions approximately the same\ ud\9 � 9[4

m s−0[ The initial droplet temperature rises slightly with

higher pressures and higher gas temperatures[ This e}ect

occurs due to the intensi_ed heat transfer from the evap!

oration zone towards the droplet generator[

3[0[ Variation of `as pressure

A comparison of the experimental and theoretical

results is shown in Fig[ 3[ In this case the initial droplet

composition is Yd\9\pentane � 9[2 and Yd\9\nonane � 9[6 and

the gas temperature is T� � 449 K[ The gas pressure

varies between 19 and 39 bar\ the initial droplet tem!
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Fig[ 2[ Test section[

perature between Td\9 � 269 and 399 K\ and the initial

droplet diameter between dd\9 � 549 and 699 mm[

With elevating pressures the evaporation distance and

the velocity of the droplet decreases[ This results from the

increased aerodynamic force at higher pressures[ Similar

velocity and diameter distributions are observed for all

pressures[ Due to the large droplet diameters at the begin!

ning of the evaporation process\ the droplet velocity

increases quickly to its maximum[ The magnitude

depends on the gas pressure\ the higher the gas pressure

the lower the velocity maximum[ Passing the point\ the

droplet velocity decreases since the aerodynamic resist!

ance exceeds the force of gravity due to smaller droplet

diameters[ Towards the end of the evaporation process

there is a steep velocity gradient[ In this region the in~u!

ence of gravity is negligible[

For all pressures investigated\ there is an excellent

agreement of the measured and calculated droplet diam!

eter and velocity distributions[

3[1[ Variation of `as temperature

The calculated and measured results also coincide very

well for di}erent gas temperatures "Fig[ 4#[ Elevating the

gas temperature\ the evaporation distance of the droplet

shortens[ During the _rst part of the evaporation process

the velocity increases with higher gas temperatures result!

ing from smaller aerodynamic resistance[ However\ the

following reduction in droplet velocities is much steeper

for higher temperatures due to the faster decrease of the

droplet diameter[

In this case the initial droplet composition is

Yd\9\pentane � 9[6 and Yd\9\nonane � 9[2 and the gas pressure

is p � 29 bar[ The gas temperature is T� � 449 K and

T� � 549 K\ the initial droplet temperature Td\9 � 269

K and Td\9 � 279 K\ and the initial droplet diameter

dd\9 � 799 and 719 mm[

3[2[ Variation of initial droplet diameter

The decisive in~uence of the initial droplet diameter

on the droplet evaporation process is shown in Fig[ 5[

Reducing the initial droplet diameter by 09) "from

dd\9 � 799 to 619 mm# the evaporation distance shortens

more than 14)[ In this case the gas temperature is

T� � 449 K\ the pressure p � 29 bar\ the initial droplet

temperature Td\9 � 269 K and the initial droplet com!
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Fig[ 3[ Variation of gas pressure[

position is Yd\9\pentane � 9[6 and Yd\9\nonane � 9[2[ As

observed before\ experiment and model agree very well[

3[3[ Variation of fuel

In Fig[ 6 the numerical and experimental results for

one! and two!component droplets are shown[ Di}erent

initial mixtures of two!component droplets consisting of

Yd\9\pentane � 9[6 and Yd\9\nonane � 9[2 or Yd\9\pentane � 9[2

and Yd\9\nonane � 9[6 and the limiting cases of one!com!

ponent droplets consisting of pentane or nonane are

investigated to determine the in~uence of di}erent fuel

volatilities on the evaporation process of the droplet[

From Fig[ 6 it is obvious\ that increasing the volatility of

the fuel shortens the evaporation distance in the droplet[

In this case the gas temperature is T� � 449 K\ the

gas pressure p � 29 bar\ the initial droplet temperature

Td\9 � 279 K[ The initial droplet diameter varies between

dd\9 � 529 and 639 mm[ Again\ experiment and theory

agree very well "the velocity distribution is not shown

explicitly#[
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Fig[ 4[ Variation of gas temperature[

4[ Conclusions

A new experimental set!up is presented where the evap!

oration of free falling\ non interacting droplets is inves!

tigated[ There is no need of a droplet suspension unit and

the evaporation of the droplet can be observed without

any disturbing in~uence[ The new design of the droplet

generator allows the production of monodisperse drop!

lets in a size range of 599Ð899 mm initial diameter[ Since

the distance between the droplets is more than 099dd\9\

interaction of the di}erent droplets does not occur during

the evaporation process[

Detailed measurements were conducted with one! and

two!component droplets at di}erent gas pressures

"p � 19\ 29 and 39 bar# and gas temperatures of 449 and

549 K[ The initial droplet diameter was varied between

539 and 719 mm[ The experiments were carried out with

binary mixtures of n!pentane and n!nonane[ Two di}er!

ent initial droplet mixtures "Yd\9\pentane � 9[2\ Yd\9\nonane �

9[6 and Yd\9\pentane � 9[6\ Yd\9\pentane � 9[2# were inves!
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Fig[ 5[ Variation of initial droplet diameter[
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Fig[ 6[ Fuel variation[

tigated[ Additionally\ experiments with one!component

droplets consisting of pure n!pentane and n!nonane as

limiting cases were conducted[ The experimental results

were compared with a high pressure evaporation model

based on the Conduction Limit model and the Di}usion

Limit model[ The best agreement of measured and cal!

culated values was obtained\ when the theory of

Abramzon and Sirignano "0876# was combined with the

correlation of Ranz and Marshall "0841#\ and the speci_c

heat capacity of the pure vapour was replaced by the

speci_c heat capacity of the vapour:gas mixture[
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