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ABSTRACT
This paper describes a single component liquid film evaporation model. Based on direct numerical
simulation (DNS) results of liquid film evaporation in a turbulent channel, new mass, momentum and energy wall laws have
been developed in order to take into account the strong gradients of gas density and viscosity near the liquid film, and the gas
boundary-layer blowing due to the film evaporation. The liquid film model uses an integral method with a third order
polynomial to compute the heat flux inside the liquid film. Moreover, liquid film thermal boundary layer during the transient
heating stage is also taken into account. The wall laws and film evaporation model have been implemented in the Reynolds
Average Navier-Stokes (RANS) code IFP-C3D. The comparisons of the RANS results with the DNS results are made to
substantiate the model presented in this study. The shear stress and heat and mass fluxes at the liquid film interface are
reproduced accurately using the new laws of the wall.
Keywords: liquid film, evaporation, wall laws, DNS, RANS, turbulent boundary layer.

1. INTRODUCTION
The phenomena of evaporative liquid film are of
relevance to many engineering problems, such as fluid
catalytic cracking, ink-jet spray painting, turbine engines,
and piston engines. For instance, the environmental
standards severization leads the car manufacturers to
produce increasingly clean internal combustion engines.
The development of direct injection (DI) engines seems to
be an interesting solution to reduce the fuel consumption
and the emission of pollutants. Unfortunately, for such
small engines, most of the time, the fuel spray impinges on
the piston surface directly and may forms a liquid film
which is one of the most important source of unburned
hydrocarbon (HC) and soot production especially during
cold start.
Some previous direct numerical simulations (DNS) of
liquid film/flame interaction has highlighted that
combustion often proceeds in very rich zones leading to the
extinction of the flame by smothering [1]. It is then
necessary to control the mixture very well and thus the
liquid film evaporation if we want to understand the source
of HC and soot for DI engines.
Many multidimensional numerical models of liquid
film have been previously developed by Stanton & Rutland
[2,3], Bai & Gosman [4], Foucart & al [5-6], Han & Xu [7],
and O’Rourke & Amsden [8,9] (referred to subsequently as
OA). The first three models describe the dynamics of the
liquid by an Eulerian approach whereas the OA model
adopts a Lagrangian particle tracking method, improved by
Han & Xu with a new statistical treatment introduced for
the momentum exchange between the impinging spray and
the wall film.

The prediction of mass, momentum and heat transfer in
the turbulent gas boundary layer above the liquid film is
based on correlations using the Sherwood and the Nusselt
number [2-4], or wall laws [5-9]. For former case, the main
drawback of the correlations is their lack of generality. For
the latter case, the models explicitly account the Stephan
flow velocity due to the film evaporation. However, they
use many assumptions such as gas incompressibility and a
simple diffusion of the species model which may lead to
inaccurate results. Moreover, for these wall laws, the
transition between the fully turbulent region and the viscous
laminar sub-layer is assumed to occur at a constant value
and independent of the rate of evaporation.
In this paper, a model of liquid film evaporation which
better takes into account the blowing velocity due to
evaporation, and the strong density and viscosity gradients
near the liquid film is presented. These effects will be
shown to play an important role on the diffusive transport
of momentum, mass and energy in the boundary layer.
In this work, the DNS are used to develop the liquid
film evaporation model presented in this study, as well as to
check its validity, as the experimental data of liquid film
evaporation are rare.
This paper is organized in three sections. In the first
one, the DNS performed with the AVBP code [10] are
described. Next, the results are discussed and new mass,
momentum and energy laws of the wall are established. In
the second section, the equations governing the liquid film
evaporation model and their implementation in the RANS
code IFP-C3D [17] are presented. In the last section, the
methodology and the configuration of the model validation
are described. Finally, the simulations results are validated
by thorough comparisons with the DNS results and the OA
model results as well.

2. DNS CALCULATIONS

Grid stretching is used in the normal direction y because the
grid spacing near the film needs to be small enough to

2.1 DNS Description
DNS code: All the DNS of the present study have been
carried out with the AVBP code [10] which uses cell-vertex
finite-volume techniques and solves the compressible
Navier-Stokes equations on arbitrary unstructured grids for
the conservatives variables (mass density, momentum and
total energy). It is fully parallelised, dedicated to DNS and
Large Eddy Simulations (LES). The numerical scheme used
is the TTGC scheme [12] that is third order in time and
space.
Computation characteristics: a sketch of the
computational domain and the coordinate system is shown
in Figure 1. It corresponds to the so-called "minimal
channel flow" configuration of Jiménez and Moin [13]. The
dimensions of the domain are Lx = π h , Ly = 2h and

resolve the viscous sublayer. ∆y ≤ 1 is specified near the

Lz = 0.3π h in the streamwise, normal and spanwise
directions respectively, where h denotes the channel halfwidth. The top and bottom boundaries of the computational
box are liquid film surfaces. The boundaries in both the
streamwise x and the spanwise z directions are periodic.
The liquid film is made of pure heptane whereas the gas
flow consists of an inhomogeneous mixture of air and
heptane.

+

+

film surface and ∆y ≈ 5 near the centreline of the
channel.
Since the DNS inlet and outlet boundary conditions are
periodic, our approach consists in adding source terms to
the momentum, energy and heptane mass conservation
equations in order to compensate for the mean shear stress,
heat flux and mass evaporation at the liquid-gas interface.
This method has been introduced by Jiménez & Moin [13]
for a non-evaporating DNS of the "minimum channel
flow".
Since the main objective of our DNS is to build wall
laws, it is necessary to reach a stationary state. The liquid
film is then modelled as a thin isothermal interface
boundary on which the temperature Ts and the mass
s

fraction Yk of each species k are specified. Moreover, the

 , is expressed as
evaporated mass flow of heptane M
follows [14]:

ρ Y sV s
M = g , s F s F
1 − YF
⎡ DFs ⎛ ∂WYF ⎞ ⎤
⎢−
⎟ ⎥
s ⎜
ρ g , sYFs ⎢ WsYF ⎝ ∂y ⎠ s ⎥
=
1 − YFs ⎢ Nspec Dks ⎛ ∂WYk ⎞ ⎥
⎢+ ∑
⎜
⎟ ⎥
⎢⎣ k =1 Ws ⎝ ∂y ⎠ s ⎥⎦
s

where VF and

ρ g ,s

(2)

are respectively the diffusion velocity

of heptane in y direction and the gas density, both at the
liquid-gas interface. Nspec and W denote respectively
the number of species in the mixture and the mean
molecular weight of the mixture. The laminar mixture
diffusion coefficient for species k, Dk , is given by the
Figure 1: Computational domain for the DNS. The
simulations are periodic in both the x and z directions.

following approximation :

Dk =
The computational grids used are regular in x,z
+

uτ and ν g , s are respectively the shear velocity and the
laminar kinematical viscosity of the gas at the liquid film
surface.
+

xi uτ

ν g ,s

+

, yi =

yi uτ

ν g ,s

(3)

Sc , k

+

directions with a resolution ∆x ≈ 35 and ∆z ≈ 5 , in
order to resolve the expected elongated structure of the
turbulence. The non-dimensional coordinates x+, y+, z+ are
defined using the characteristic length scale ν g , s / uτ where

xi =

νg

+

and zi =

zi uτ

ν g ,s

(1)

where the laminar Schmidt number for each species k,
S c , k , is assumed to be constant in time and space.
Reference DNS case: we have performed several DNS
with different liquid film surface temperature Ts and
s

heptane's mass fraction YF

corresponding to various

evaporation rates. The different parameters given in Tables
1 and 2 summarize the boundary conditions and the main
characteristics of the reference DNS case presented in this
paper. All quantities with an over bar represent the mean
values in both (x,z)-plane and time. The index c denotes the
centreline of the channel. Pr l and Re are respectively the

laminar Prandlt number and the Reynolds number of the
flow based on the height of the channel.

v s+ =

Table 1: Liquid film surface boundary conditions used in
the reference DNS case.

Ts = 333K

YFs = 0.6040
vs =

Y = 1− Y − Y
s
N2

s
F

s
O2

M

ρ g ,s

1 − YFs
YOs2 =
4.29

where C p and

us = ws = 0

Table 2: Characteristic parameters defining the reference
DNS case.

h = 1,5612.10−3 m

uc = 51.69m.s −1

Re ≈ 2700

YF ,c ≈ 0.19

YO2 ,c ≈ 0.19

YN2 ,c = 0.62

Tc = 503.69 K

Pc = 99750 Pa

S c , F = 1.4

S c , N 2 = 0.4

Pr l = 0.78
Sc ,O2 = 0.45

2.2 Wall Laws Above an Evaporating Liquid Film
The DNS mean profiles of velocity, temperature and
species mass fractions has been first plotted as function of
classical wall units [13]. The results show that the behavior
of the obtained wall laws does not remain logarithmic in the
fully turbulent region of the boundary layer above an
evaporating liquid film. However, it can be shown that the
classical logarithmic behavior may be obtained if the wall
laws are expressed using the following variables :

U eff+ =
Teff+ =

2 ⎡
1 + u + vs+ − 1⎤
+ ⎣
⎦
vs
1/ 2 C1 Pr t
2CT Pr t ⎡
− 1⎤⎥
1 + T + vs+ )
(
+
⎢
⎣
⎦
vs

T+ = −

vs
uτ

(8)

(T − T ) ρ
s

g ,s

Y

1/ 2 C2 Sct
⎤
2CY Sct ⎡⎛ YF − 1 ⎞
⎢
⎥
1
=
−
⎜
⎟
vs+ ⎢⎝ YFs − 1 ⎠
⎥⎦
⎣

ϕ g ,s

are respectively the mass specific heat

capacity at constant pressure and the heat flux between the
gas flow and the film at the liquid-gas interface.
In order to take into account the compressibility of the
gas and the gradients of viscosity, we associate the
variables defined by Eq. (4) to (6) with the LnKc model
[15] to obtain the following variables:

dη + =

ν g ,s +
dy
νg

(10)

dϕ eff+ =

ρg
+
dueff
ρ g ,s

(11)

dϑeff+ =

ρg
dTeff+
ρ g ,s

(12)

ρg
+
dYF eff
ρ g ,s

(13)

dζ eff+ =
where

ρg

and

νg

are the local density and laminar

kinematical viscosity in the gas.
The wall laws for the fully turbulent region of the
boundary layer are finally obtained by substituting the

(4)

η + , ϕeff+ , ϑeff+

variables

and ζ eff in the solutions of the
+

(5)

U eff+ ,

+

Teff+ , YF eff . For the laminar region of the boundary layer,

ϕeff+ , ϑeff+

and ζ eff with the
+

adimensional distance from the liquid film interface η .
This assumption will be verified in the next subsection
using the DNS results.
These laws of the wall are summarized as follow:
+

(6)

CT and CY are constant given by the comparison
between the wall laws and the DNS. Pr t = 0.9 and
Sct = 0.9 denote respectively the turbulent Prandlt and
+
+
+
Schmidt number [11]. u , vs and T are defined as
follow:

u − us
uτ

+

RANS equations expressed with the variables y ,

where

u+ =

(9)

ϕ g ,s

we assume a linear variation of
+
F eff

C p uτ

(7)

⎧η + ≤ ηl+ :ϕ eff+ = η +
⎪
⎨ +
Cu ⎛ η + ⎞
+
+
+
:
ln ⎜ + ⎟
≥
=
+
η
η
ϕ
η
⎪
l
eff
l
k
⎝ ηl ⎠
⎩

(14)

⎧η + ≤ ηl+,T :
⎪ +
⎪ϑeff = Pr l η +
⎪ +
⎪η ≥ ηl+,T :
⎪
⎨
⎡ vs+ηl+,T Pr l ⎤
⎪
⎢1 +
⎥
⎪ +
Cu CT Pr t ⎢
2CT Pr t ⎥ ⎛ η +
+
=
+
l
Pr
ln ⎜
ϑ
η
⎪ eff
l ,T
⎢
vs+ηl+,T ⎥ ⎜⎝ ηl+,T
k
⎪
⎢ 1+
⎥
⎪⎩
2
⎣
⎦
⎧η + ≤ ηl+,m :
⎪ +
⎪ζ eff = Scl η +
⎪ +
⎪η ≥ ηl+,m :
⎪
⎨
⎡ vs+ηl+,m Sclt
⎪
⎢1 +
⎪ +
Cu CY Sct ⎢
2CY Sct
+
⎪ζ eff = Sclt ηl ,m +
⎢
v +η +
k
⎪
1 + s l ,m
⎢
⎪⎩
2
⎣

and

ηl+,m

⎞
⎟⎟
⎠

ζ eff+ .

The values of the

Table 3: Constants of the wall laws.

(16)
⎤
⎥ ⎛ + ⎞
⎥ ln ⎜ η ⎟
⎥ ⎜⎝ ηl+,m ⎟⎠
⎥
⎦

ηl+ = 14.4

ηl+,T = 16.3

ηl+,m = 12.8

Cu = 0.972

CT = 1.257

CY = 1.023
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Present DNS
Dynamic Wall Law. Eq (14)

are the distances from the liquid

film surface to the laminar-turbulent transition,
respectively, for the dynamic, the thermal and the fuel mass
fraction boundary layer. Their values are given by the DNS
and depends on the evaporation rate (i.e. on the Stefan flow
+
s

velocity, v ) and the density gradients near the film

15

10

surface. Cu is a constant given by the comparison between

5

the wall laws and the DNS results. k = 0.433 denotes the
Karmann's constant [11]. Scl is the laminar Schmidt
number of the fuel in the air-heptane mixture, corrected in
order to take into account the complex diffusion of the
species while using a simple diffusion model. The Scl

0

 given by Eq. (2)
expression is obtained by identifying M
and the following Eq. (17).

M = −

and

constants used in order to adjust the wall functions to the
present DNS results are summarized in the Table 3. Except
for the buffer zone of the boundary layer, the new walls
laws are very close to the DNS results. The assumption of
linear evolution in the laminar zone close to the liquid film
is very well verified and a logarithmic behavior is observed
in the fully turbulent zone.

eff

ηl+ , ηl+,T

(15)

ϕeff+ , ϑeff+

φ+

where

for respectively

ρ g , sν g ,s ⎛ ∂YF ⎞

(1 − Y ) Scl ⎜⎝
s
F

⎟
∂y ⎠ s

(17)

0

(ϕ

+
eff

,η

+

2

10

+

η

with

).

18

Present DNS
Thermal Wall Law. Eq (15)

14
12

(18)

W , Wair , WF are respectively the mean molecular
weight of the gas mixture, air and fuel. Sclt is the value of
Scl at the laminar-turbulent transition position. Finally,
where,

one can note that in the limit of small evaporation rate and
gradients of density and viscosity, the wall laws given by
Eq. (14) to (16) reduce to the standard wall functions [16].
2.3 Wall Laws Fitting using the DNS Results
Figures 2,3 and 4 show the comparisons between the
DNS profiles and the wall laws given by Eq. (14) to (16)

10
θ+eff

⎡ 1 − YF
YF ⎤
Scl = W ⎢
+
⎥
⎣⎢ Sc , FWair Sc , N2WF ⎦⎥

10

Figure 2: Mean streamwise velocity expressed

16

The result is given as follow:

1
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8
6
4
2
0

0
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η+

Figure 3: Mean temperature expressed with

(ϑ

+
eff

,η + ) .

18

D
⎡ ρl el h f S ⎤⎦ =
Dt ⎣
Q l + ∫ ⎡⎣ − M el + ϕl , w − ϕl , s ⎤⎦ ds

Present DNS
Mass Wall Law. Eq (16)

16
14
12

ζ+

eff

10

where

6

thickness h f and area

4

0

0

10

1

10

2

10

+

η

Figure 4: Mean fuel mass fraction expressed

,η

+

).

S on the wall. Q l denotes the

internal energy brought to film by the impact of the liquid
spray droplets by unit time. This term can be found in the
bibliography [5-6],[8-9]. ϕ l , w and ϕ l , s are the diffusive

2

(ζ

and Cvl are respectively the liquid density and

the specific heat coefficient at constant volume. This
equation was written using a control volume defined by its

8

+
eff

ρl

(19)

with

heat flux in the liquid, respectively at the wall and at the
liquid-gas interface. We focus on these terms in the rest of
this subsection as they are of primary importance for the
liquid film evaporation model.
ϕ l , s is given by the continuity of heat flux at the
liquid-gas interface:

We have noted with different DNS results (carried out in
this work and not presented in this paper for lack of space)
that these constants depends significantly on the
evaporation rate and the density gradients. Correlations of
the former parameters to the evaporation data and the
thermodynamic conditions are then needed. This is going to
be done in future work.
In a general way, the laminar-turbulent transition

ηl+

with evaporation and gradients of density is rather different
+

from the classical critical value of ycrit ≈ 11 , well known
for an isothermal boundary layer above nonvaporizing
surfaces. Moreover, the DNS show that the dimensional
value of the transition location yl is always greater than

ycrit . Indeed, the structure of the boundary layer is
modified due to the film evaporation and to the strong
gradients of density and viscosity, both decreasing the
friction velocity uτ . For example, an 80% decrease of the

ϕl , s = ϕ g , s + M LV

(20)

where LV is the latent heat of vaporization at the film
interface Ts . In order to calculate

ϕl ,w

and Ts , we assume

a third order polynomial expression for the temperature
profile through the liquid normal direction to the wall

Tl ( y ) . The mean liquid temperature Tl

defined as

follow

Tl =

1 hf
Tl ( y )
h ∫0

(21)

is the solution of Eq. (19). Two cases should be
distinguished according to whether the transient heating
stage is completed (as shown in Figure 5) or not (as shown
in Figure 6).

friction velocity uτ has been observed in our reference
DNS case ( uτ = 1.52 ) relatively to an isothermal DNS
case ( uτ = 2.75 ) computed using the same Reynolds
number

Re and mean streamwise velocity uc in the

centerline of the channel.
3. LIQUID FILM EVAPORATION MODEL
3.1 Equations of the Model
In this subsection, we only focus on the energy
equation of the liquid film. The generic equation of the
mean internal energy of the liquid film el = Cvl Tl
be written as follow:

Figure 5: Temperature profile of the liquid film when
global heat penetration distance δ l = h .

can
If the heat penetration in the liquid film is completed
(Figure 5), ϕ l , w and Ts are given by:

⎡

1
ϕl , w = ⎢12

(T

w

5⎢
⎣

)λ

− Tl

l

hf

⎤
− ϕl ,s ⎥
⎥
⎦

(22)

λl

Tl

δW

is the mean liquid temperature if the heat

penetration only comes from the wall. This temperature is
given by Eq. (19) with ϕ l , s = 0 .

hf
⎡
⎤
⎢8 Tl − 3Tw − λ ϕ l , s ⎥
l
⎦
Ts = ⎣
5
where Tw and

where

(23)

are the wall temperature and the thermal

3.2 Model Implementation in IFP-C3D
First of all, the variables defined in Eq. (10) to Eq. (13)
are difficult to implement in a RANS code. Instead, we use
the following definitions:

conductivity of the liquid.

⎛ν ⎞
η + = f ⎜⎜ g , s ⎟⎟ y +
⎝ ν ⎠

ϕ eff+ = P ⎜⎜

⎛ ρ ⎞ +
⎟⎟ ueff
ρ
g
,
s
⎝
⎠

(29)

⎛ ρ ⎞ +
ϑeff+ = P ⎜⎜
⎟ Teff
ρ g ,s ⎟

(30)

⎛ ρ ⎞ +
Y
⎜ ρ g , s ⎟⎟ F eff
⎝
⎠

(31)

⎝

Figure 6: Temperature profile of the liquid film when
global heat penetration distance δ l = δ l , s + δ l , w < h .

If the transient heating stage in the liquid film is not
completed (Figure 6), ϕ l , w and Ts are given by:

(T

3
2

ϕl , w = λl

w

− Tl ,δ )

(24)

δ l ,w

4
Ts = Tl ,δ + α
3

(T

l ,δ

− Tl

δS

)ϕ

l ,s

hf

λl

(25)

sign of

ϕ l , s . Tl

α denote

ρ

and

ν

+

ρ C pT

the

m

=

1 L
ρ ( y ) C p ( y ) T ( y )dy
L ∫0

(32)

=

1 L
ρ ( y ) YF ( y )dy
L ∫0

(33)

is the mean liquid temperature if the

δS

denote the space averaged density

and viscosity along y . P and f are respectively a
polynomial and a power law, adjusted using DNS results so
that the variables defined in Eq.(28) to (31) are equivalent
to those defined in Eq. (10) to Eq. (13).
Secondly, in order to improve the accuracy of the
model and to decrease the mesh dependence of the results,
the wall laws are implemented by numerically integrating
the profiles of gas temperature and fuel mass fraction given
by Eq. (15) and (16) in the wall cell above the film, by
resolving the following equations:

where Tl ,δ is the liquid film temperature not achieved by
heat penetration (assumed to be constant).

⎠

ζ eff+ = P ⎜
where

(28)

heat penetration only comes from the film interface. This
temperature is given by Eq. (19) with ϕ l , w = 0 . δ l , w and

ρYF

m

X

and L denote the RANS mean value of a

δ l , s are respectively the distance of heat penetration from

where,

the wall and from the liquid-gas interface, and are given by:

variable X in the wall cell and its length in the normal
direction to the wall.
Thirdly, the equations Eq. (14-16), Eq. (18-20), Eq.
(22-27) and Eq.(32-33) presented in this paper are coupled
each other and resolved using an Newton iterative method
to improve the stability and accuracy of the numerical
scheme.

δ l ,w =

δ l ,s =

8h f

(T

l

δW

− Tl ,δ

3 (Tw − Tl ,δ )

3λl (Tl ,δ − Ts )
2 ( M L + ϕ )
V

gs

)

(26)

(27)

m

4. VALIDATION OF THE MODEL
4.1 Methodology
As we did not find experimental data allowing to
validate the whole model, a partial validation has been done
for the wall laws described in section 2.2. We use the DNS
results of the reference case (cf section 2.1) to check the
RANS results obtained using IFP-C3D.
The choice of the RANS configuration which provides
results comparable with those of the DNS is not obvious.
The approach adopted consists in computing a similar
channel to that we have used in the DNS calculations. The
configuration is given in Figure 7. The computational grid
used is regular in all the directions with (192 x 8 x 1) cells
in order to have the upper part of the wall cells in the fully
turbulent region of the boundary layer ( ∆η ≈ 21.5 ). For
the the channel inlet boundary conditions a flat profile of
velocity, temperature and mass fraction of heptane, azote
and oxygen, are specified. On the other hand, a pressure

4.2 Results discussion
In this subsection, we compare the present model
results with the DNS results and also with the OA liquid
film evaporation model results as well implemented in IFPC3D. The comparisons are made in terms of the friction
velocity, heat and mass fluxes at the film interface (Tables
5 and 6). For each calculations (present model or OA
model), the inlet boundary conditions of the channel were
adjusted to obtain the Table 4 parameters values in the wall
cell under study.

Table 5: Comparative results.
Variables

+

boundary condition Pout is specified at the channel exit.

ϕ gs

uτ

M

⎡⎣ kJ .m .s ⎤⎦
−2

−1

⎡⎣ kg .m −2 .s −1 ⎤⎦

Units

⎡⎣ m.s ⎤⎦

DNS
results
Present
Model

1, 52

24, 4

9, 63.10−2

1, 54

22,8

9,17.10 −2

OA Model

2, 62

34,3

4, 49.10 −2

−1

Table 6: Per cent errors between RANS models and DNS
results.

Figure 7: Computational domain for the IFP-C3D
calculations.

Although the channel length shown in Figure 7 is
longer than the one used for DNS calculations, the
comparison of the results along the entire height of the
channel is not easy to obtain. Indeed, the evaporation and
heat flux in the liquid film prevent the boundary layer to be
fully developed over a sufficiently wide part of the channel.
It is why, the comparison of the RANS and the DNS results
have been limited to the wall cell of the RANS channel in
which the mean values of the temperature T

P

m

, fuel mass

ρYF

m

m

, pressure

and the streamwise velocity

um are the same as those given by the DNS. These
conditions are summarized in Table 4.

Table 4: Space averaged DNS results on the entire height
of the wall cell of the RANS grid.

P

ρYF

m
m

= 99750 Pa
= 0.52 kg .m

T
−3

m

= 400.8 K

um = 35.9m.s

−1

Variables

uτ

ϕ gs

M

Present
Model
OA Model

+1,3%

−6, 6%

−4,8%

+72, 4%

+40, 6%

−53, 4%

Tables 5 and 6 show that the results provided by the
model presented in this paper are very close to the DNS
results with a maximum error less than 7% for the interface
heat flux. The differences observed seems to be mainly due
to the fact that the profiles given by the wall laws are not
exactly the same as those of the DNS (Figures 2,3,4). This
may explain why the error gap is more significant for ϕ gs

 than for u . Indeed, the temperature and fuel mass
and M
τ
fraction profiles are integrated in the wall cell which
contains the buffer zone, for which the accuracy of the wall
functions are the worst. However, the present evaporation
model improves the accuracy of the wall laws results.
Finally, one can note that the OA model results are
relatively far from the DNS results. The friction velocity
uτ is overestimated which increases the heat flux and

 .
decreases the evaporated mass M
5. CONCLUSIONS
In this paper, a single component film evaporation
model has been developed for wall temperature smaller
than the saturation temperature of the liquid.
The model equations has been derived by assuming a
third order temperature profile along the wall normal

direction. The transient heating stage of the film has been
also taken into account.
An analytical wall-laws have been derived for a
compressible and non-isothermal gas flow with strong
density and viscosity gradients near an evaporating liquid
film. The wall-laws coefficients including the laminarturbulent transition positions have been fitted using DNS
results.
The complete model have been implemented in the
IFP-C3D code already including the liquid film OA model.
The new wall-laws results are shown to be in good
agreement with the DNS results.
The validation of the complete evaporation model
against experimental data is still necessary. This represent
our future work although such experiments are very rare.
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