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Figure 1- Schematic of droplet and environment
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Table 1- Gas and liquid properties

Property | Rules
Gas Phase
Density Peng-Robinson EOS [26]
e Low pressure from NASA polynomial [27] and high
Specific heat pressure from Lee -Kesler [28]
Enthalpy Lee -Kesler [28]
Viscosity Chung method [25]

Low pressure from NASA polynomial [29] and high

Thermal Conductivity pressure from Lee -Kesler [28]

Diffusion Chapman-Enskog method [25]
Liquid phase

Density Alto method [25]

Specific heat Bondi method [28]

Viscosity From API-TDB [26]

Thermal Conductivity From [26]

Diffusion From Wilke-Chung method [25]
Vapor pressure Antoin equation [25]

Latent heat From [25]
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Input initial values and assume a droplet
surface temperate and mass gasification rate

v

Replacing new values in old ones }1—

v
Calculate properties with respect to
temperature

| Calculate radius j
v

Solving species equation in gas phase
- Calculation of mass fraction

¥
Correction of mass gasification

Solving momentum equation in gas phase
- Calculation of velocity

v

Solving energy equation in gas phase
- Calculation of temperature

v

Solving energy equation in liquid phase
- Calculate temperature

v

| Correction of surface temperature l

Figure 2- Flowchart of the droplet evaporation model [20]

[¥eloykad puid Jo o 59801 =¥ JSs



Sgy aalol yo el [rittitgigl [ringia <107 55 &5 Sy s [T Togral /Ty <107 o slos (slp (2l Ko jlns

3,5 S (o, 5en jlre 00gamte ;8 (18,518 O jgo )8 g Wigh o dunlie oobes) i polie b odslcwwsds polie >

liﬁ é}m ‘/‘& U] 4.J5| ).Iaﬁ LY) o).Lﬁ ).143 u.........u & as JJGA L.\...v aalal ‘5|Lo) G J.‘> J}j) U"‘ .b}wksn GO ‘S'LQ) ‘blf
1 YV . . . . . . °

ch ‘6]5.9 JMS }5 Q\ ) as ‘¢j:ZiJYi;ci ).,.c\)b ] L» Jagbu gs")"‘? ‘_;Laa S Jagbr.c @‘f:q 6bo L oJJaB Lgl.m)

LY ¥logi co armlone (VF) alal) 51 el plj <35 Sl slod Ty g (Slyow o3y pox
J
9 vo‘}»_{.b o)f Voo @Lo )lﬁ Ls‘)" GL..»JL?LA le.ﬁbo; Slows 9 0 ul.?h.ul )90 Adlus sc\...vla A \ )‘ l,...J ‘SaLo) r:lf

dgaze px> 3,559, b oSl (ewdlims OVolae yioren sl ool ad ) F Glas s S aSiL o) 5 Ve e 58 5B 6l
Slslms ooy 5 0392 Foslo laby, plo ariams Ghgy ool AV Iwload o Jsl 4 se gussls (29, b 5 53lodianns

Lol 13,95 5 5 (295 Sl 83 5l plaee )0 il Glaadlge Aol LIpSh @ Az bl e o il 5SS
38le s b oS Az 5l g el 0ol ax LSS 5,8 b 4 aeliy SO o (bl e Joe s g oS DY les Acgaze

el 00uis solazwl 6)L76

a5 3 Sl
5 oS AVY (slos 13 820+ oz w0y b (S0ISe 5 (i (Si2gs oyl e Sl 5l Pl o)l Helareds
WD oy B 5B e VF e g Ve YO AVD g alo 3B o Ve g Ve B0 (YO slaw b plaasil (JLLIK YV Las
Vio# DS e iSTlas VFe oY @ VooV oo sl aSlis 10 o3Il i b ccnl aseie ¥ S0 0 &S ol ylen

sl 0l Gl Sladllas (gl g Ve o=V e v aSll cOlanlme (ylo) 098 S Jdods ol aales ws o

1.0

O\ Fuel: 50% Hexadecane + 50% Heptane
%y T=873K
N
0.8 -
. 06
2
=
=
S
04 |
02
- AN
- [N
| 200-1400 SN
oo b
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

t/d (s/mm’)

Figure 3- Mesh independency study for a bi-component droplet consists of 50% heptane and 50% hexadecane
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Figure 4- Comparison of a bi-component droplet lifetime consists of 50% heptane and 50% hexadecane with the experiment of
Ghassemi et al [32] at T = 600°C and different pressures
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Figure 5- Comparison of a bi-component droplet lifetime consists of 50% heptane and 50% hexadecane with the experiment of
Ghassemi et al [32] at P = 1 MPa and different temperatures
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Figure 6- Comparison of a bi-component droplet lifetime consists of heptane and hexadecane with the experiment of Ghassemi et al
[32] at constant temperature and pressure with different compositions
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Figure 7- Changes in the lifetime of a bi-component droplet consists of 50% heptane and 50% hexadecane with pressure at different
ambient temperatures
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Figure 8- Changes in the evaporation rate of a bi-component droplet consists of 50% heptane and 50% hexadecane with normalized
time at T = 873 K and different ambient pressures
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Figure 9- Density of gas phase and mass fraction of species in the liquid phase and the gas phase at the droplet surface with
normalized time
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Figure 10- Changes in the lifetime of a bi-component droplet consists of heptane and hexadecane with pressure and composition at
constant temperature
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Figure 11- Changes in the droplet lifetime with equation of state
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Table 2- Properties of fuels [25]

Fuel Chemical Molecular mass Critical temperature | Critical pressure
formula (g/mole) (K) (MPa)
Heptane C7Hi6 100.2 540.2 2.7
Hexadecane CieHss 226.45 723.0 14
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Figure 12- Changes in the mixture critical temperature of a droplet consists of 50% heptane and 50% hexadecane at constant
pressure and temperature with normalized time
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Figure 13- Changes in the mixture critical pressure of droplet consisting of %50 heptane and %50 hexadecane at constant
pressure and temperature with normalized time
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Figure 14- Changes in the surface temperature of droplet consisting of 509 heptane and 50% hexadecane at constant temperature
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Figure 15- Bi-component droplet consists of 50% heptane and 50% hexadecane at 7=873K and P=2-5 MPa
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English Abstract

Transient evaporation of a bi-component droplet at high temperature and

pressure
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Transient evaporation of a bi-component droplet at high temperature and pressure condition has been
modeled numerically. In the gas phase, the equations of species, momentum, and energy, and in the liquid
phase, the equations of species and energy by assuming fugacity equilibrium, and Peng-Robinson equation of
state using the finite volume method have been solved. The droplet is assumed to be spherical, the solubility
of the gas in the liquid and effect of gravity have been neglected. The results of the proposed model for
heptane-hexadecane droplet in various temperatures and pressures have been validated against the available
experimental data. Results were in good agreement. The effect of pressure on the evaporation showed that at a
constant temperature, by increasing pressure up to 2 MPa the droplet lifetime increases but further increase in
pressure (up to 2.5 MPa) reduces droplet lifetime. Evaporation behavior does not change with different
compositions. The role of different equations of state on the prediction of binary droplet lifetime was studied,
and finally the effect of ambient temperature and pressure on the surface temperature of the droplet was
investigated. It was observed that at high enough pressure and temperature, the droplet surface could reach
the critical condition.

Keywords: droplet evaporation, bi-component, high ambient pressure, fugacity, Peng-Robinson
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