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Abstract

For a boundary layer above the porous surface at a given temperature of main flow and injected gas, the wall heat flux qw depends on
the injection intensity in nonmonotonius way. The heat flux first increases with the growth in injection rate jw, then after reaching a max-
imum it starts decreasing and tends to zero at jw ! jcr. The similarity problem between heat and mass transfer is considered for boundary
layers with variable content. The effect of the Lewis number Le on similarity conditions was demonstrated. In general case, the similarity
ratio is a function not only Lewis number, but also the enthalpy difference. The common formula for description of similarity
StTLe

n = StD ‘‘works’’ only for specific cases. Results on the influence of flow acceleration and turbulence degree Tu on characteristics
of a boundary layer with combustion are presented.
� 2005 Elsevier Ltd. All rights reserved.
1. Influence of boundary conditions on heat and mass

transfer on a porous surface

Processes of heat and mass transfer on porous surfaces
are of interest for different technical applications: porous
cooling, evaporation, condensation, combustion, absorp-
tion, etc.

In most of theoretical papers the effect of gas injection
on heat transfer is usually analyzed at a constant wall tem-
perature Tw = const for the entire range of injection
parameter 0 < b < bcr (e.g., in [1–3]). However, this bound-
ary condition does not satisfy the limiting cases: for injec-
tion parameter b ! 0 the wall temperature tends to the
temperature of mainstream Tw ! T0, and for critical injec-
tion b ! bcr the wall temperature Tw have to approach the
temperature of injected gas Tw ! T 0. Besides, at given
T0 = const and Tw = const, with a change in injection
parameter, the injected gas temperature also varies. The
estimates from the conditions at jw ! 0 give almost unreal-
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istic negative values. Solutions of this kind indicate that the
heat transfer coefficient (Stanton number) and heat flux to
the wall are maximal at zero injection and they decrease
smoothly with growth in the injection flow rate. That is
why a kind of stereotype was cast that the higher injection
means a decrease in heat flux and a fall in parameter gradi-
ents (velocity, temperature, concentration) on the wall.

However, from the physical and practical points of view,
we have the given parameters for the main stream and in-
jected gas; the temperature of the main flow T0 = const and
injected gas T 0 = const are prescribed and constant. The
wall temperature only can be obtained within this range
T 0 < Tw < T0.

Here we consider several features of heat and mass
transfer in a laminar boundary layer with injection at given
parameters of the main and injected flow T0 = const,
T 0 = const. The approximate analytical analysis is given
and numerical solutions for differential equations of a
boundary layer are presented. Consider the heat balance
on a porous wall

qw ¼ �k � oT
oy

� �
w

¼ jw � C0
p � ðT w � T 0Þ ð1Þ
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Nomenclature

Cf/2 friction coefficient
Cp heat capacity at constant pressure, J/(kg K)
D diffusion coefficient of a substance, m2/s
Ki mass concentration of the ith component of

mixture
Le Lewis number
M gas molecular mass, kg/kmol
P pressure, N/m2

Pr Prandtl number
Re Reynolds number
Sc Schmidt number
St Stanton number
T temperature, K
Tu turbulence degree
U, V projections of velocity vector to directions x and

y, m/s
b permeability parameter for the surface (calcu-

lated via Stanton number)

h enthalpy, J/kg
j = q ÆV transversal mass flux, kg/(m s)
k parameter of flow acceleration
q heat flux density, J/(m2 s)
x, y coordinates, m
W relative function of heat transfer
k thermal conductivity, J/(m s K)
l dynamic viscosity, (N s)/m2

m kinematic viscosity, m/s
q density, kg/m3

s shear stress, N/m2

Subscripts and superscripts

0 parameters of the main stream
0 parameters of injected gas
w wall conditions
cr critical parameters
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Fig. 1. Relative heat flux at uniform injection. Lines—calculated by (5)
and (6). Dots—numerical simulation.
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and definition for the Stanton number

St ¼ qw
q0 � U 0 � Cp0 � ðT 0 � T wÞ

ð2Þ

This gives us the relationships:

T w � T 0 ¼ qw
jw � C0

p

; T 0 � T w ¼ qw
q0 � U 0 � Cp0 � St

ð3Þ

By adding these relationships termwise, we obtain

T 0 � T 0 ¼ qw � 1

jw � C0
p

þ 1

q0 � U 0 � Cp0 � St

 !
or

�qw ¼ qw
q0 � U 0 � Cp0 � ðT 0 � T 0Þ ¼

1
q0�U0�Cp0

jw�C0
p

þ 1
St

ð4Þ

The dimensionless heat flux in the left side of this formula
is an analog of Stanton number, but instead of temperature
difference DT = T0 � Tw we introduce the difference
T0 � T 0, which is given and constant. Let us introduce
the relative function of heat transfer W = (St/St0), where
St0 is the Stanton number on an impermeable wall for
the same cross-section. Using this approach, the formula
(4) is transformed into:

�qw
St0

¼ 1

b
� Cp0

C0
p

þ 1

W

" #�1

ð5Þ

where b ¼ jw
q0�U0�St0

is the permeability of the wall.
So far we have not accepted any suppositions, including

anything about the flow pattern. Therefore the formula (5)
is valid both for laminar and turbulent boundary layer.

Let us apply a linear approximation for the relative
function of heat transfer

W ¼ 1� b
bcr

ð6Þ
here bcr is the critical value of injection parameter when
W = 0.

The approximation in form (6) was offered in [1,4], and
the injection critical parameter for a laminar boundary
layer was bcr � 1.86 Æ (M 0/M0)

1/3. Here M 0 and M0 are the
molecular masses for the gases of injected flow and main
flow.

Fig. 1 exemplifies the calculations by (5) and (6) for the
case of uniform injection M 0 = M0; bcr = 1.86. Here we
also plotted the simulation results. With the growth in
injection parameter, the heat flux first increases, then it
reaches a maximum and then starts decreasing and van-
ishes at critical injection.
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Fig. 3. Gradients of parameters on the wall normalized by their maximal
values at helium injection into nitrogen: (1) velocity gradient; (2)
temperature gradient; (3) enthalpy; (4) concentration.
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From the condition of maximum for function, �q0wðbÞ ¼ 0
we can obtain the corresponding value of injection param-
eter b�

b� ¼ bcr 1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C0

p

Cp0
� bcr

s0
@

1
A,

ð7Þ

For the case of uniform injection (Fig. 1) C0
p ¼ Cp0 we

obtain b�/bcr � 0.42, or ð�jw �
ffiffiffiffiffiffiffi
Rex

p
Þ� ¼ ð�jw �

ffiffiffiffiffiffiffi
Rex

p
Þcr � 0:42 ¼

0:62 � 0:42 ¼ 0:26.
From relationships (5)–(7) we can estimate the possible

value of maximal heat flux on a permeable wall:

qw ¼ St0 � q0 � U 0 � Cp0 � ðT 0 � T 0Þ � 1

b�
� Cp0

C0
p

þ 1

Wðb�Þ

" #�1

ð8Þ

Fig. 2 shows the simulation results for parameter�s gra-
dients on the porous wall. They are constructed in relative
form:

oU
oy

� �
w

¼ oU
oy

� �
w

�
ou
oy

� �max

w

;

oT
oy

� �
w

¼ oT
oy

� �
w

�
oT
oy

� �max

w

Fig. 2 shows the results for uniform injection into the
boundary layer for two kinds of boundary conditions:
Tw = const and T 0 = const. Naturally, the velocity gra-
dients for both cases behave similar (they decrease mono-
tonically with a higher injection). But the behavior of
temperature gradients (the same–heat fluxes) are different:
for the given temperature Tw = const they behave like the
velocity gradient, but at a given temperature of injected
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Fig. 2. Velocity and temperature wall gradients at uniform blowing
normalized by their maximal values: (1) velocity gradient; (2) temperature
gradient at Tw = const and T 0 = const conditions.
gas T 0 = const the wall temperature gradient first increases
with injection parameter, then reaches the maximum and
after that declines. Note that the mass concentration gradi-
ent as a function of injection (for M 0 � M0) behaves in a
similar way. It is interesting that if we relate those gradients
to the parameter difference over the boundary layer

oU
oy

� �
w

�
U 0;

oT
oy

� �
w

�
ðT 0 � T wÞ;

oK
oy

� �
w

�
DK

i.e., when we transform them into the form close to the def-
inition of friction coefficient and Stanton number (thermal
and diffusive), then all the gradients decline monotonically
and almost coincide.

The simulation for wall gradients on the wall with injec-
tion of foreign gas (helium into nitrogen; T0 = 300 K;
T 0 = 400 K) is plotted in Fig. 3. We plotted the gradients
for velocity and temperature, as well as for enthalpy and
concentration. All these curves (the same as in Fig. 2) are
treated in the relative format (related to maximal values).
The wall gradients for temperature, enthalpy, and concen-
tration exhibit maximums. It is interesting that the maxi-
mums of enthalpy gradient and concentration gradient
occur at the same value of injection, but the maximum of
temperature gradient occurs at much smaller injection.
This means that the maximums of heat fluxes transported
by thermal conductivity and diffusion take place at differ-
ent values of injection.
2. Similarity between heat and mass transfer processes

in boundary layers with variable content

In analysis of transfer processes in gaseous mixtures (for
injection, evaporation, sublimation, combustion, etc.) the
researchers often use the similarity between processes of
heat and mass transfer, because this simplifies rather com-
plex problems. Usually this requires some corrections



Fig. 4. Heat and substance fluxes balance on a wall.
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describing the influence of the Prandtl and Schmidt num-
bers [5–7]:

StT ¼ Cf

2
� 1

Prn
; StD ¼ Cf

2
� 1

Scn
ð9Þ

where Cf

2
, StT, and StD are the friction coefficient, thermal

and diffusion variants of the Stanton numbers.
Experimental data and approximation of numerical

solutions of energy equations suggest that exponent n for
heat transfer at impermeable wall for the range of Prandtl
number 0.3 < Pr < 15 is n = 2/3 for laminar boundary
layer, and n = 0.6 for turbulent boundary layer.

Experiments on evaporation and sublimation [8,9] and
numerical solutions for diffusion equation at jw ! 0 also
demonstrated that for the Schmidt number in the range
0.3 < Sc < 15 for laminar boundary layer n = 2/3, and for
turbulent boundary layer n = 0.6. This is the basis [5,6]
for analogy between heat and mass transfer in the form:

StD
StT

¼ Len ð10Þ

here Le ¼ q�D�Cp

k ¼ Pr
Sc is the Lewis number.

By definition, the Lewis number characterizes the ratio
between the heat transfer via diffusion and heat transfer
via thermal conductivity. This paper presents an attempt
to use the analysis of ratio of those kinds of wall heat flux
for drawing of general conclusions about similarity of heat
and mass transfer and influence of the Lewis number on
those processes.

Consider a two-dimensional boundary layer in a gradi-
entless flow in a binary gas mixture. The differential equa-
tions for energy and diffusion are written in the form:

q � U � oh
ox

þ q � V � oh
oy

¼ oq
oy

ð11Þ

q � U � oKi

ox
þ q � V � oKi

oy
¼ o

oy
l
Sci

� oKi

oy

� �
ð12Þ

where Ki is the mass concentration of the ith component of
mixture. The heat flux in gas mixture (if we neglect the
thermal diffusion effects) is determined [10] by thermal con-
ductivity and diffusional transfer of enthalpy:

qR ¼ qk þ qD ¼ �k � dT
dy

þ
X

ji � hi

¼ � k

Cp
� oh

oy
þ ðLe� 1Þ � oK

0

oy
� ðh0 � h0Þ

� �
ð13Þ

where h0 and h 0 are the enthalpies for the main flow and in-
jected gas in the specific point of boundary layer, Cp—heat
capacity of a mix of gases. The energy equation in form
(11) might be similar to the diffusion Eq. (12) under condi-
tion that Le = 1. In analysis of heat and mass transfer in
boundary layers even if the Prandtl and Schmidt numbers
are not equal one, it is often admitted that they are almost
equal Pr � Sc and so Le ! 1. It is also assumed that the
ratio of similarity between coefficients of heat and mass
transfer are fulfilled in the form (9) and (10).
With assumption Le ! 1, Leontiev [5] obtained the fol-
lowing formula:

Stk ¼
�k � oT

oy

� �
w

q0 � U 0 � Cp0 � ðT w � T 0Þ
¼

� k
Cp
� oh
oy

� �
w

q0 � U 0 � ðhw � h0Þ
¼ Sth

ð14Þ

where qk ¼ �k � oT
oy

� �
w

¼ jw � C0
p � ðT 0 � T wÞ ð15Þ

and at Le ¼ 1 qh ¼ � k

Cp
� oh
oy

 !
w

¼ qR ¼ jwðh0 � hwÞ

ð16Þ

here jw = (q ÆV)w is the transversal mass flux on the wall;
C0

p, T
0, h 0 are the heat capacity, temperature and enthalpy

of the injected gas; Tw and hw are the wall temperature
and gas enthalpy on the streamlined surface. Relation
(14) for most cases is helpful for simplification of analysis
of heat and mass transfer. Besides, it is very convenient
for data treatment in case of injection of foreign gas
through the porous surface—here we use temperature dif-
ference instead of enthalpy difference, and it not required
to know the component concentrations on the wall, which
is usually difficult in measurements. It is worth to note that
for gases the range of the Prandtl number is much shorter
than the range for the Schmidt number: for most cases we
have 0.5 < Pr < 0.8; 0.2 < Sc < 15. The Lewis number
might be quite different from one: 0.5 < Le < 3.5. Besides,
the numbers Sc and Le are concentration-dependent and
the magnitudes may vary within the boundary layer.

Let us analyze the ratio between heat fluxes on the wall.
Fig. 4 shows the balance of heat fluxes on a permeable wall.
The heat transfer via thermal conductivity qk = �k Æ (oT/oy)
and diffusion

P
ji � hi may be directed either to one side or

in opposite directions. Depending on the direction and
magnitude of qk, we have the direction of the total heat flux
qRw. Therefore, to avoid mistakes in the choice of qRw direc-
tion in making the heat valance on the wall, we wish to
make it for condition when these fluxes are directed to
one side (positive on ‘‘y’’ axis). The corresponding choice
of parameters: T 0 > T0; C0

p > Cp0. In general, it is not
important for further analysis, because the signs of fluxes
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are determined from the gradient of appropriate values.
The balance on wall (Fig. 4) with account for (13) gives us

qRw ¼ jw � ðh0 � hwÞ ¼ �k � oT
oy

þ
X

ji � hi
� �

w

¼ � k

Cp

oh
oy

þ ðLe� 1Þ � oK
0

oy
� ðh0 � h0Þ

� �
w

ð17Þ

The diffusion equation, written on the wall surface, takes
the form:

ðjiÞw ¼ ðq � V Þw � ðKiÞw � q � D � oKi

oy

� �
w

;

or �q � D � oK
0

oy

� �
w

¼ jw � ð1� K 0Þw ð18Þ

With this, the balance Eq. (17) is rewritten as

qRw ¼ jw � ðh0 � hwÞ

¼ � k

Cp
� oh
oy

þ 1� 1

Le

� �
� jw � ð1� K 0

wÞ � ðh
0 � h0Þw

" #
w

ð19Þ
Using that ð1� K 0Þ � ðh0 � h0Þw ¼ h0w � hw we obtain

qRw ¼ jw � ðh0 � hwÞ ¼ qh þ 1� 1

Le

� �
� jw � ðh0w � hwÞ ð20Þ

here hw and h0w are the enthalpy for the mixture on the wall
and the enthalpy for injected gas at wall�s temperature.

Dividing this by qRw, we obtain the final relation:

qh
qRw

¼ Sth
StR

¼ 1� 1� 1

Le

� �
� h

0
w � hw
h0 � hw

ð21Þ

here : Sth ¼
� k

Cp
� oh
oy

� �
q0 � U 0 � ðhw � h0Þ

;

StR ¼ qRw
q0 � U 0 � ðhw � h0Þ

ð22Þ

Note that according to formulas (14) and (22) we have
three forms of thermal Stanton number: Stk, Sth, StR.
For the case of injection of the same gas (or mixture of a
steady composition) all three numbers are the same. But
for injection of foreign gas, these numbers can be different.
As one can see from Eq. (21), the difference between StR
and Sth depends on the Lewis number on wall, and these
numbers are equal if Lew = 1. That is for correct compar-
ison of results on relative coefficients of heat transfer
W = St/St0 = f(b) (for injection of foreign gas) we must
be aware that these numbers were calculated from the same
form. It is very difficult to determine the value W = Sth/St0
from experiment, because this requires to know the enthal-
py gradient on the wall.

Let us analyze the relation (21) on the example of most
studied situation—helium injection into air, when the Le

for the mixture varies in wide range. The calculation results
for the heat flux ratio (or Stanton number) by formula (21)
vs. the Lewis number on the wall are plotted in Fig. 5 for
different temperature conditions.

If we assume that for the considered temperature inter-
val the thermal capacity is independent of temperature, the
last multiplier in formula (21) will take the form:

h0w � hw
h0 � hw

¼
C0

p � Cpw

� �
� T w

C0
p � T 0 � Cpw � T w

ð23Þ

The we obtain from Eq. (21) under condition Tw/T
0 ! 1:

qRw
qh

¼ StR
Sth

� Lew ð24Þ

This dependency in Fig. 5 is plotted as a straight line. The
condition Tw/T

0 ! 1 corresponds to the conditions close to
isothermal. The graph demonstrates a strong influence of
the Lewis number and the temperature factor on the ratio
qR/qh, which tends to one at Le ! 1.

The calculations by the same formula (21) vs. concentra-
tion of injected helium (on the wall) are plotted in Fig. 6.
Note that assumption Le = 1 corresponds to condition
qR = qh.

One can see from the figure that at certain conditions the
total heat flux becomes zero (‘‘pseudo-critical’’ injection)
and then it changes the sign. Unlike the critical injection
in the point with qR = 0, here the condition K 0

w ¼ 1 and
Tw = T 0 are not fulfilled.

For injection of foreign gas, we see from formula (17)
that heat fluxes driven by thermal conduction and diffusion
may be co-directional or opposite. This depends on the
relations between the temperatures and heat capacities of
the main gas and injected gas. The condition qRw ¼ 0 can
be obtained only if the these fluxes are opposite and qk =
�qdiff.

The Eq. (17) gives us the conditions when qRw ¼ 0:

T 0

T w

¼ K 0
w � 1� Cp0

C0
p

 !
þ Cp0

C0
p

ð25Þ



Fig. 7. The correlation between heat and diffusion Stanton numbers. Bold
dots—H2 injected into air, others—He injected into air.
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The relationship for enthalpy gradient gives us the condi-
tion on the wall qh = 0:

T 0

T w

� 1 ¼ 1

Lew
�

Cpw � C0
p

C0
p

 !
ð26Þ

At Le 5 1 the transition points through zero for heat fluxes
qRw and qh might be not identical. This explains the anoma-
lous behavior of dependencies in Fig. 6 for across direction
of heat fluxes driven by thermal conductivity and diffusion.

Let us analyze the relation between the thermal and dif-
fusion variants of Stanton numbers. If we take Eq. (13),
when the heat transfer via thermal conductivity is much
smaller than the diffusion contribution, and then use the
definition for the diffusion-driven Stanton number StD ¼
�q � D � oK 0

oy

� �
w
=q0 � U 0 � DK and all this gives us these

relationships:

StR ¼ StD � hw � ðh0Þw
hw � h0

; Sth ¼
1

Lew
� StD � hw � ðh0Þw

hw � h0
ð27Þ

One can see that this corresponds to the ratio (24).
For another limiting case, when the diffusion flux in

Eq. (13) is negligible, we obtain:

qRw ) qh ) qk; StR ) Sth ) Stk ð28Þ

In this case this formula must be true: StR = Sth = Pr�n Æ
Cf/2, and for the diffusion problem we have StD =
Sc�n ÆCf/2. This means the following ratio:

StR ¼ Sth ¼
1

Len
� StD ð29Þ

Calculations for relationships (27) and (29) for conditions
close to isothermal Tw/T0 ! 1 are plotted in Fig. 7. One
can see from this figure that the ratio StR/StD may be in
the range from 1 to 1/Le2/3 (for a laminar boundary layer
n = 2/3). The ratio Sth/StD is in a narrow range between
curves 1/Le and 1/Le2/3. Then, by using (21), we can offer
the following approximation for ratio between the coeffi-
cients of heat and mass transfer:

StD
StR

¼ StD
Sth

� 1� 1� 1

Lew

� �
� h

0
w � hw
h0 � hw

� �
ð30Þ

where we can except StD=Sth � Lekw, and the exponent k
varies from k � n = 2/3 to 1.

The points in Fig. 7 present the results of calculation for
laminar boundary layer for helium and hydrogen injection
into air in the form of relationship Sth/StD = f(Lew). The
most of points array for intensive injection (Lew 6 2;
K 0

w P 0:03Þ follow the dependency StD = Sth ÆLew, and at
low injection (Lew > 2.5; K 0

w < 0:03) the calculations corre-
spond to relation StD ¼ Sth � Le0:66w . The StD = Sth ÆLew rela-
tion was examined in [11] for the wet-bulb temperature
calculating.

3. Peculiarities of a boundary layer with combustion

We have been carried out systematic study for a bound-
ary layer with combustion, when the fuel evaporates from
the surface or injected through a porous wall; some of
our results were reported in [12–15].

The existence of a flame front causes a drastic (by factor of
three and even more) fall in the coefficients of heat and mass
transfer, and this is explainedmainly by reductionof gas den-
sity in the high-temperature zone of reaction. The existence
of heat release zone has a considerable impact on turbulent
flow characteristics. Fig. 8 presents turbulence distributions
over the boundary layer depthwith andwithout combustion.

One can see that the pulsation level in the combustion
zone decreases considerably. This suppression of turbu-
lence is explained by a lower gas density and higher viscos-
ity at the reaction front.

It is known that flow acceleration without combustion
[16,17] also causes laminarization of the boundary layer
and reduction in transfer coefficients. For an accelerated



Fig. 9. Flow acceleration in the boundary layer with combustion.
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boundary flow with combustion we expected the ‘‘dou-
bled’’ effect of laminarization and further decrease in the
transfer coefficients. Experiments [14] were carried out for
a wide range of acceleration parameter:

k ¼ m

U 2
0

� dU 0

dx
ð31Þ

Instead of expected reduction in the coefficients of heat
and mass transfer, we observed a considerable growth. This
fact was explained after studying of the flow structure. For
an accelerated flow, we observe a maximum of velocity pro-
file in the zone of combustion front, and the flow resembles
an ‘‘accelerated’’ near-wall jet. This means that the flow
acceleration in the front zone is higher than in the main-
stream; a kind of ‘‘shooting’’ occurs in the flame front. This
is explained by rather simple reasoning. If we accept a suppo-
sition that in the differential equation of motion ðos

oy Þ
� � oP

ox
and with account for maximum in the velocity profile inside
the combustion front, meaning that ðoU

oy Þ
� ¼ 0, we obtain for

the front zone, at y = y�, the following equation:

q� � U � �
dU �

dx
¼ � dP

dx
ð32Þ

where � stands for parameters in the flame front.
Beyond the boundary layer:

� dP
dx

¼ q0 � U 0 �
dU 0

dx
ð33Þ

The relationship for the acceleration parameter (31)

dU 0

U 2
0

¼ k
m0

� dx ð34Þ

and at k = const

U 0

US

¼ ½1� k � Rex��1 ð35Þ

where Rex ¼ U s�x
m and US = U0 are in the initial cross-

section.
With account for the state equation, we obtain from
these formulas the relation for the velocity in the flame
front, at M� � M0:

U �

U s

¼
ffiffiffiffiffi
T �

T 0

r
�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

ð1� k � RexÞ2
þ T 0

T �
� 1

s
ð36Þ

Fig. 9 presents comparison of calculations and experiment.
Note that several points were obtained at a higher tur-

bulence. A special research was performed on study of flow
turbulence on the parameters of the boundary layer with
combustion of ethanol, which evaporates from the
wall. With the growth of turbulence degree, the high-tem-
perature area in the zone of reaction front ‘‘blurs’’ and
the maximal temperature decreases (Fig. 10). The tempera-
ture gradient at the wall increases, i.e., the reaction front
shifts towards the wall.
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Fig. 11. Influence of flow turbulence on flame-out velocity in the
boundary layer with diffusion-driven combustion of evaporating ethanol.
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The effect of flow turbulence on the flame blow-off
velocity (critical air flow velocity that causes a flame-out)
is shown in Fig. 11. Here h is the rib height in the initial
cross-section. The rib here is a flame holder for combustion
of ethanol evaporating from a porous surface.

Our idea before those experiments was that the growth
in the air mainstream turbulence should lead to intensifica-
tion of the mixing process and through that to a lag in
flame-out. However, as apparently may be seen from
Fig. 11, in the presented case the increase of turbulence
results decreases drastically the flame-out velocity.

Obviously, one of possible explanation is that with a
growth in turbulence the flame front displaces to the wall
(see Fig. 10). But during combustion above the surface with
evaporation, the flame front cannot descent to the wall
because the wall temperature cannot be higher than the
boiling temperature of evaporating fuel.
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