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Abstract: The structure of triple flame propagation in combustion systems,
containing uniformly distributed volatile fuel droplet was analyzed. The ana-
lysis was established for a one-step irreversible reaction with an asymptotic
limit, where the value of the Zeldovich number is large. Here, using unit Lewis
number, the analytical results for the triple flame temperature were obtained
considering two sections. In the first section, a non-vaporizing fuel stream was
studied and in the second section, a volatile droplet fuel stream was taken into
account. It is presumed that the fuel droplets vaporize to yield a gaseous fuel of
known chemical structure, which is subsequently oxidized in the gaseous
phase. Here two different cases are studied. In the first case, only the velocity
paralel to the reactant flow was considered; while for the latter one, the ver-
tical velocity was considered in addition. The energy equations were solved
and the temperature field equations are presented. The results are first pre-
sented for a non-vaporizing fuel and compared to the experiment results. In
addition, some other results of the temperature field for a vaporizing fuel
stream are demonstrated within the comparison between the above-mentioned
cases which reveded the effect of the considering the vertica velocity
component on the flame temperature field.

Keywords: triple-flame; volatile droplet; flame temperature.

INTRODUCTION

The importance of triple flames is now well established in applications in-
volving combustion phenomena, such as flame spread over solid or liquid fuel
surfaces, flame propagation in mixing layers, dynamic extinction of diffusion
flames and flame stabilization in reactive streams.

A flame propagating through a fuel/air mixing layer, mainly when the fuel
concentration is ranged from lean to rich, may display a triple flame structure,
which is composed of alean and a rich premixed flame wing with atrailing dif-
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1568 BIDABADI, BARARI and AZIMI

fusion flame, al extending from a single point. Mixing layers are frequently en-
countered in combustion problems, including two-dimensional (2-D) mixing lay-
ers, heterogeneous propellant combustion, opposed flame spread, jets and boun-
dary layers. The schematic of atriple flameis shownin Fig. 1.
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Fig. 1. Triple flame schematic; a) the assumed configuration for the present work;
b) the configuration which existed in reality.

The stabilization, propagation and instability of triple flames were studied by
Chung.1 The prospect of establishing a planar turbulent triple flame was consi-
dered in the work of Bray and Champion.2 The local flame speed of a two-di-
mensional methane—air triple flame in a rectangular burner was investigated by
Hirota et al.3 The effect of reversibility of the chemical reaction on triple flame
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TWO-DIMENSIONAL LAMINAR DROPLETS TRIPLE FLAME 1569

propagation was studied by Ali and Daou.# The effects of hydrogen enrichment
on the propagation of laminar methane—air triple flames in axisymmetric co-
flowing jets were numericaly investigated by Briones et al.5> A numerical study
of alaminar methane—air triple flame in two-dimensional mixing layers was per-
formed by Guo et.al.® The effect of flow strain on triple flame propagation was
investigated by Hong and Chen.” Flame spread in laminar mixing layers was in-
vestigated both experimentally and numerically by Kioni et al.8 The dynamics of
alaminar triple flame was numerically investigated for different degrees of mix-
ture by Dobrego et al.® The interaction of non-unity Lewis numbers (due to pre-
ferential diffusion and/or unequal rates of heat and mass transfer, was investi-
gated by Shamim.10

The aim of this work is to extend current knowledge of triple flames by
taking into consideration the influence of a vaporization term for the fuel drop-
lets. This aspect of the problem seems to have received no attention. The purpose
of this paper was to investigate how triple flames, and their propagation regimes,
are affected by the vaporization term of perfectly volatile fuel droplets in this
configuration. In addition, the influence of flow velocity components on the triple
flame temperature field was studied.

The paper is structured as follows: the problem is first formulated for a non-
vaporizing fuel stream, as a one-step combustion process considering constant
density and constant conductivity properties as well as an equal ratio of mass
diffusivity to temperature diffusivity (unit Lewis number). The basic equations
are solved in terms of dimensionless variables with specified dimensionless boun-
dary conditions. The results are then compared to the experimental work.1! Then,
using the same approach mentioned above, a vaporizing fuel stream will be stu-
died for two different cases related to the flow velocity components. The results
obtained in both cases are described and compared.

FORMULATIONS FOR A NON-VAPORIZING FUEL STREAM

The problem addressed herein is the steady propagation of a non-premixed flame con-
sisting of fuel and oxidizer streams. All external forces, including gravitational effects, are
assumed to be negligible.

Other approximations introduced are that diffusion caused by a pressure gradient and
heat transport by radiation are negligible. The combustion process is modeled by a single,
irreversible, one-step reaction of the form vgF + vy X — vpP, where ve molecules of a fuel
(molecular mass mg) react with vy molecules of an oxidizer (molecular mass my) to form v,
product molecules (molecular mass my). At the first step in the analysis, the problem will be
solved within the approximations above. The reactants and products are assumed to be in the
gaseous phase. For simplicity and in order to be able to compare the results with the expe-
riments, in this paper, only the case of unity Lewis number, i.e., the rate of temperature dif-
fusivity and mass diffusivity of the two species are the same, will be considered.
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1570 BIDABADI, BARARI and AZIMI

Basic equations
The time evolution of the mass fractions of the two reactants, Yg (the fuel mass fraction)
and Yy (the oxidizer mass fraction) is described by:12

Pﬂ=DiV2Yi_Vimw @

Dt
wherel = For X, D/ Dt=9/ dt+uV isthe material derivative, p and u are the fluid density
and velocity, respectively, o is the rate of reaction in unit volume per unit time, and D; isthe

mass diffusivity of the speciesi. The time evolution of the temperature, T, is described by:
DT
pCth= DrVZT +Qo 2

where ¢, is the specific heat at constant pressure referred to unit mass of gas, Q is the amount
of heat released per reaction and D+ is the thermal conductivity. The Lewis numbers will be
assumed unity, thus:

De_Dx_ Dy
P P PuCp

where p,, is the density of un-burnt gas far upstream, which is assumed to be constant. There-
fore Egs. (1) and (2) become:

=k (©)]

DY
pﬁ:kpmVZYi—vima) (4)
and
pcp% =kp..coV2T + Qo (5)

For the reaction rate, the well known Arrhenius law will be applied by 12
@ = Ap"FNE Y xexp(—Ta [ T) (6)

where T, is the activation temperature, which is constant for a given reaction, and the expo-
nential factor A is assumed to be approximately constant and has no temperature dependence.

The problem is considered as a uniform flow aong the x-axis between x=(-,1), by U_x,
where U,, is the propagation speed of the triple flame far upstream. It is assumed that the fuel
mass fraction varies from Yg = 1 in the fuel stream (y—+L) to Yg = 0 in the oxidizer stream
(y—-L). Similarly, the oxidizer mass fraction varies from Yy = 1 in oxidizer stream (y—-L) to
Yy =0in fuel stream (y—+L), i.e.

y—)+L YF:]- Yx =0

y—)—L YF=O Yx=l (7)

such that for upstream:
Ye(=Ly) + Y (=1y) =1 ()

The fuel and oxidizer are assumed to be at the same constant temperature far upstream,
T = T,. Therefore, the boundary conditionsin alimited domain are:
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TWO-DIMENSIONAL LAMINAR DROPLETS TRIPLE FLAME 1571

x0)=0 ©

The fuel mixture fraction, Z, is then defined as:13
_ rYF —Yx +1
1+r

z (10)
wherer = vymy/Veme. Clearly, Z = 1 in the fuel stream, Z = 0 in the oxidizer stream and Z =
= Zs= 1/(1+r) under stoichiometric condition.

It follows from Egs. (5) and (10) that Z evolves as a passive scalar:

p% =kp.V2Z (11)

By eliminating the source terms as well as the vaporization terms from Egs. (4) and (6),
it can be shown that the specific enthal py, which is defined below by Eq. (12), also evolves as
apassive scalar (Eq. (13)):

Hy =T+ (12)
vime,
DH;
=L —kp.V?H; 13
P ~ kP i (13

From Eg. (10) and (11) and the condition that T = T, far upstream, H; can be expressed
as alinear function of Z asH; = A; + BZ, where A; and B; are constants determined from the
conditions Yg = 1 in the fuel stream and Yg = 0 in the oxidizer stream. Thus, using the
definition of H;, the reactants mass fractions, Yg and Yy, may be expressed in terms of Zand T
asfollows:

YF=(T°°—T)%+Z (14)
YX=(T,X,—T)%—Z+1 (15)

Dimensionless system of the governing equations

In order to express the basic equations in terms of dimensionless variables, suitable
dimensionless parameters have to be identified so that the magnitude of the parameters will be
of the order unity. Thus, the dimensionless density @ =p/p,, and the dimensionless velocity
components (U,V)=(u/U,,v/U,.), as well as dimensionless coordinates (X,Y)=(x U, /Ky U,/K).
The maximum temperature is reached just behind the flame front along the stoichiometric
line, where the combustion is complete and neither fuel nor oxidizer are left in the product
stream. This “adiabatic flame temperature’, T, is obtained by substituting Z = Z5 = 1/(1+r)
and YE =0in Eq.(14):

e 1 +, Q
MeveCy 141 7 (Meve + vy )c,

The dimensionless parameter o characterizes the temperature rise, or the amount of heat
released in the flame:

Ts=T.+ (16)
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1572 BIDABADI, BARARI and AZIMI

-1
_T-T. { 1 (Meve + myvy )coT, } an

Q

Further, the dimensionless temperature, ®, and the Zeldovich Number, g, are introduced,
which are defined as:
T-T,

o= = (18)

p=a

T
Ta

T,

In terms of dimensionless variables, Eq. (5) may be written as:

2 2
_(Ua_@ Va_g) o’ o’
X oy’ ax? 32

(19)

9°0 et 2(2/25,9)@@{ ﬂ((xl(fc)@)} @

where X is defined by the following expression:13
Z(x,y) = (x= )" [@-x+r@-y]* (21)
and A is defined by:

kQA po‘:,F+VX -1

1
o Tt Wrryeo exp(-p/ a)@ (22)

The dimensionless boundary conditions therefore become:

@(O—l,y) =0
O(0, =1
@i(x,y(%) =0 (23)
O(x,—L) =0

Activation energy asymptotic

In order to obtain an analytical solution, some approximations are introduced, whereby
@ may be taken unity. In addition, itisassumed U = 1and V = 0.
Equation (20) thus becomes:
00 2%  0°0
o =yt tAZ(Z]Z;,0)ex 1-0 24
X " a2 Fayz HAE @1 Z0)ep-pu-6)] (24)
The Zeldovich Number, g, defined by Eq. (19) is considered large for many practica
processes. Thus, the basic dimensionless equations describing flames are studied in the
asymptotic limit of p—oo. Thislimit is known as the activation energy asymptotic (AEA). Itis
clear from Eq. (24) that the source term vanishes and becomes:

00 09%0 9J%0
_——=——
oX 9X?Z 9v?
Equation (25) is alinear homogeneous partial differential equation which is converted to

Helmholtz differential equation by changing the variable ® to w by the following sub-
gtitution: 14

(25)
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TWO-DIMENSIONAL LAMINAR DROPLETS TRIPLE FLAME 1573

OX.Y) =P XDy (X.Y) (26)
Hence, Eq. (25) becomes:
%y % 1
T4y =0 27
X2 ovZ 4 (@7)

Equation (27) is a two-dimensional homogeneous Helmholtz equation in the rectangular
Cartesian system of coordinates, which may be solved by the separation of variables method.
The boundary conditions a so become:

WE(;I,)V) =Ci
wlUy) =
p,(x0) =0 (29)
l//(X,—L) =0
Therefore,
oo K2 HUAX _ o[k 241 4(21+X)
v= 5 -2 sn(x ) el cosK,Y (29)
x,=1 L&}, 1— e2|\/1(‘n2+]f4
From Eq. (26) the triple flame temperature is obtained as:
w 1 K2 HUAX _ K2+ U421+ X)
0= 5 ™2 gn(e,L)| & el CoSK,Y (30)
Kn=1 Lx, 1_e2|\/l<'n2+1/4

where ;. - (21=Dr
L.
FORMULATIONSWITH VAPORIZATION

The problem presented here will undergo the same method as presented in the previous
section; however, here the fuel stream consists of uniformly distributed volatile fuel droplets.
It is presumed that the fuel droplets vaporize to form a known gaseous compound which is
then oxidized and the products are assumed to be in the gaseous phase.

Basic equations with vaporization
The kinetic of vaporization are presumed to be represented by the expression:15
W, = Bng(4n r2)T" (31

where W, is the mass of gaseous fuel vaporized per unit volume per second. The quantities B
and n are constants, which are presumed to be known, and T denotes the gas temperature. For
simplicity, it is assumed that the droplet temperature is approximately equal to the gas
temperature.

The time evolution of the temperature, T, is given by:

poo2 - =DIVAT +Qu-WQ, (32)

where W, is vaporization term described by Eq. (31) and Q, is the heat associated with a
vaporizing unit mass of the fuel. With the Lewis number unity, Eq. (32) becomes:

DT
P = kp..CpV 2T + Qu—W,Q, (33
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1574 BIDABADI, BARARI and AZIMI

Dimensionless system of governing equations

Following the same approach as in the preceding section, Eq. (32) may be written in
terms of dimensionless variables as:

_ 90 %0  9°© f— __Ba-9) | n
(Ua_x 8_Y)_E)X_2 aY—2+/1 Z(Z/ZS,Q)exp{ m 79°Q, (34
where y is defined by:
n-1
_Bny(4wr?)( Qzg (35)
& (Mg,

Activation energy asymptotic

Here, as in the previous section, @ is introduced and taken to be unity. Two cases are
studied, the first U = 1 and V = 0 and the second V = 1, U = 1, in order to study the effects
the flow velocity components on the flame temperature field.

Casel,U=1andV = 0: Eq. (34) becomes:

00 2% %0
5+t +AX(Z1Z;,0)ex 1-0 36
X oz vz (Z1Z5,0)exp -p(1-0) |- 0", (36)
and with the AEA assumption, one obtains:
90 82@ %0
2] 3
X oxz vz 7 37

where y* = yQ, . Equation (37) is alinear homogeneous partia differential equation which is
converted to a Helmholtz differential equation by changing the variable ® to w by the same
substitution, @(X,Y) =exp(l/ 2X)w(X,Y).
Hence, Eq. (37) becomes:
Py oy
— - = 0 38
Rl G )w (38)
Equation (38) is a two-dimensional homogeneous Helmholtz equation in the rectangular
Cartesian system of coordinates, which may be solved by the separation of variables method.
The boundary conditions are also similar to that of the case without vaporization:

_§ZSin(KnL) eXp(—,/Kn2+(7k+2)X]—exp[‘//(n2+(7/* +i)(2I+X)]
B n Lx, 1
1—exp[2| /K'%+(f+4)}

Therefore, the triple flame temperature is obtained:

inexp(EX) 2sin(x;,L) «
2 Lx

exp[—,}zrn2+(;/*+‘ll)XJ—exp( /K'n2+(}/k+i)(2|+)()] (40)
CoSkyY
1—exp[2| k2 +(r +411)J

cosk,Y (39)

X
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Case2.V=1,U = 1: Eq. Eq. (34) becomes:
00 , 00 _ 0’0 9%
—+——+ 221 Z,,0 1-© 41
X oy T oxE Fayr A2 Z.0)ed -p1-6)]- 10", (41)
Considering large activation energy, Eq. (41) becomes:

00,96 _2°60 9% _
X oy oxz ' ovz

(42)
Equation (42) is also a linear homogeneous partial differential equation, which is con-

verted to Helmholtz differential equation by changing © to w by the substitution
O(X,Y)=expl/ 2(X +Y))w(X,Y), giving:
0%y 821//

%2 Tayz (VS )W 0

(43)
Equation (43) is aso a two-dimensional homogeneous Helmholtz equation in the rec-
tangular Cartesian system of coordinates. However the boundary conditions here would
become:

Therefore, one obtains:

oxp(~ 5 )sin(iL)  3exp(—)

3
cos(x,L)+—
K 453 Sl ) 453
£+sin(/(nL)
o 2 4K,
y=3

(a4)
ep(~ (([K3+7"+2)X) —expl( [k + 7+ )(2 + X)
% 2 2

cosk;,Y
1- exp(ZI\/K,% +7* +%))

Thus, @ the triple flame temperature is obtai ned

exp(—)sin(inl)  3exp(- )

3
cos(xyL)+——
K 453 s(nl) K3
L sin(knL)
0o 1 2 4K'n
O =3 exp(-(X+Y))
n=1 2

(45)
exp(~ (K2 + 7 +2)X) - xp((y[ K + 7 +2)(@ + X)
% 2 2

cosk, Y
1- exp(zl\/zcn2 +y +%))
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RESULTS AND DISCUSSION

Some results may now be presented for variations of the dimensionless
flame temperature versus the dimensionless coordinates. The three-dimensional
diagram of the flame temperature for a non-vaporizing fuel stream versus the
coordinates X and Y is shown in Fig. 2. The results of the flame contour are
compared to experimental results,11 which are displayed in Fig. 3.

Fig. 2. Three-dimensiona dia
gram of dimensionless flame
temperature for non-vaporizing
fuel stream vs. the dimensionless
coordinates X and Y.

=4 Experimental

=fi—Theoretical

0.60 . 1.00

Dimensionless Coordinate Y

Dimensionless Coordinate X

Fig. 3. Comparison of the theoretical and experimental results of the flame contour.

As can be observed in Fig. 3, the trend of flame contour for the theoretical
solution presented in this paper is in good agreement with the experiments. In
order to simplify the solution of the current governing differential equations, it
was assumed that the location of the flame formation was at the origin of the
Cartesian coordinate axis; this assumption is applied to the equation by the boun-
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TWO-DIMENSIONAL LAMINAR DROPLETS TRIPLE FLAME 1577

dary conditions. While in reality the flame would be formed after mixing the fuel
and oxidizer. Therefore the location of flame formation would be dlightly shifted
and displaced through the reactant stream propagation, namely in the positive X-
-direction (see Fig. 1b). As aresult, referring to Fig. 3, it could be observed that
for small values of X (very close to the Y-axis), the discrepancy between the
theoretical and experimental resultsis quite significant, while it should be noticed
that in spite of the discrepancy at the values of X close to unity due to the effects
of the assumptions, in far upstream, the experimental results show more agree-
ment with the theoretical results. Since in reality combustion is an unsteady phe-
nomenon, flame propagation would be decreased in the places far from the stoi-
chiometric line, while the steady state condition was studied in the presented work.
The variation of temperature along the X-axis is demonstrated in Fig. 4 for
both sections of the non-vaporizing fuel stream and the volatile droplet stream. In
this diagram, it may be seen that the temperature increases moving along the X-
-axis. In the case in which the fuel droplets vaporized into the gaseous phase, the
curve of the temperature is located lower than in the case of the non-vaporizing
fuel stream, because vaporization heat is given to the fuel droplets in order to
convert them into the vapor phase. Therefore, the temperature has a lower value
than the case of the non-vaporizing fuel. Moreover, the stream temperature with
vaporization of the fuel droplets was studied under two fuel flow conditions; the
former diagram (case 1) in which only the velocity paralel to the reactant flow

1.00

0.90 =—#— With Vaporization, U=1, V=0

== With Vaporization, U=1, V=1

0.80 -
~e— Without Vaporization

0.70

0.60

0.50

0.40 -

0.30 +

Dimensionless Temperature ®

0.00 0.20 040 0.60 0.80 1.00

Dimensionless Coordinate X

Fig. 4. Flame temperature vs. X-axis, comparison between non-vaporizing and volatile fuel
streams; as well as the effects of the vertical velocity component of fuel flow.
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(V) is considered with the vertical velocity being neglected and the latter one
(case 2) in which the vertical velacity (V) was aso considered. Therefore the ef-
fects of this additional term were studied. From Fig. 4, it can be seen that the
inclusion of the vertical velocity in the energy equation affected a further shift to
theright of the flame temperature along the X-axis.

The temperature variation along the Y-axisisillustrated in Fig. 5 in the same
way as was the case for the X-axis. Here also, the effect of the additional term for
the vertical velocity of the fuel stream was studied. As can be seen from Fig. 5,
the flame temperature had its peak value at Y = 0, where the fuel and oxidizer
were mixed in stoichiometric amounts, while when considering the velocity per-
pendicular to the flow path, the flame temperature peak value moved to the right
and downwards. Thus, the extra momentum which is brought into the flow by
considering the velocity perpendicular to the flow path causes a decrease in the
maximum flame temperature and the location of the temperature peak is moved
to theright.

N
D
@

== With Vaporization, U=1, V=0
——With Vaporization, U=1, V=1

" ~—4— Without Viaporization

0:40—

Dimensionless Temperature @

-6:36—

0:20—

9:10—

a0
Bilt

-1.00 -0.50 0.00 0.50 1.00
Dimensionless Coordinate Y

Fig. 5. Flame temperature vs. Y-axis, comparison between non-vaporizing and volatile fuel
streams; as well as the effects of the vertical velocity component of fuel flow.

The flame temperature variations along the X- and Y-axis for particles of va-
rious radii are illustrated in Figs. 6 and 7, respectively. It can be observed that
increasing the particle radius results in a decrease in the flame temperature. The
smaller the particle, the higher would be the flame temperature due to the lower
burning surface.
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Fig. 6. Flame temperature vs. X-axis for various particle radii.
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Fig. 7. Flame temperature vs. Y-axis for various particle radii.
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The results shown are applicable to any triple flame configuration. Accord-
ing to the assumptions used in the present article, any volatile fuel particle could
be considered in this study. The overall flame configurations are the same, be-
cause the methods within which the fuel and oxidizer are mixed and as well the
governing equations are the same for different fuel droplets. The differences are
related to some constant parameters in the equations, such as fuel density, the
mixture fraction of the reactants, etc. Nevertheless the total schematic of the flame
asshowninFig. Lisstill valid. Therefore the presented results are not only appli-
cable to a specific flame, but can aso be applied to any triple flame configuration.

CONCLUSIONS

In this article, an analytical approach was developed for assessing the flame
structure and combustion properties of atriple flame containing uniformly distri-
buted volatile fuel droplet. The obtained results were compared to the results
obtained for non-vaporizing fuel particles. Furthermore, the role of vaporization
term was investigated in this research for two different approaches in which the
stream velocity along the flow and perpendicular to the direction of the flow
were considered. The calculated results were compared to the experimental data.
When the vaporization term for the fuel droplets was included, it was observed
that the temperature field of the triple flame was reduced compared to that for a
non-vaporizing fuel stream because of the heat removed from the flow. In addi-
tion, by studying the temperature field with flow velocity effects along horizontal
and vertical direction, it was demonstrated that the flame temperature was de-
creased due to the extra momentum brought into the flow comparing to the case
in which only the horizonta velocity component was considered.

The calculation method used in this article is based on an analytical ap-
proach in which al the governing equations were derived according to the related
energy equation in terms of temperature and the equations were written in the
non-dimensional form by using dimensionless variables. In the analytical ap-
proach, no attention was paid to the analysis of the triple flame. However, experi-
mental results were compared with the results of this study, and the terms of
agreements and discrepancies are described in the discussion. Hence, the ap-
proach employed to follow the steps of combustion within a tripe flame is not a
numerical method; however, there are many such methods, e.g., discretization of
the equation within afinely meshed domain, which may be used to verify the results.

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS

@080

EW MG MO




TWO-DIMENSIONAL LAMINAR DROPLETS TRIPLE FLAME 1581

U3BOA

AHAJIMTUYKO UITUTUBABE EQEKTA UCITAPJBUBOCTU HA TPOCTPYKH
IJIAMEH CA IBOAUMEH3MOHUM KAIIJBMLIAMA

MEHDI BIDABADI, GHAZAL BARARI u MILAD AZIMI

Combustion Research Laboratory, Department of Mechanical Engineering; Iran University of Science
and Technology, Tehran, Iran

HcnuTHBaHa je CTPyKTypa TPOCTPYKOT IUIAMEHa KOjH IPOIarupa y CHCTEMHUMa ca caropena-
BEM H KOJU Caap)Ku AUCTPUOyHpaHe YeCTHUIIe UCTIApJbHBOT TOpHBA. AHaNN3a je U3BPILCHA 33 jel-
HOCTEIEHY MPEBEP3UOUIIHY PEaKinjy ca aCHMIITOTCKOM IpaHuIioM, riae je Bpeanoct Zeldovich-
-oBor Opoja Benuka. Kopumhewem jenuaudHor Lewis-or 6poja, OCTaBbEH je MaTeMaTHYKH MO-
JIeJT 1 T0OMjeHO je aHAIMTHYKO PEelIeHe 3a TEMIepaType Y TPOCTPYKOM IUIaMeHy, AHalu3a je ypa-
hena y nBa mena. Y mpBOM Jemy je TpeTHpaHa HEHCHApJbHBA CTPYja TOPHBA, JAOK je Y APYyTroM Jeiy
y3eTa y 003HMp MCIapJbUBOCT KallJbHIa TOpuBa. IIpeTnocTaB/beHo je Jla Kaljbulle ropHBa uchapa-
Bajy ¥ IONPHHOCE TaCOBHTOM TOPHBY IO3HATE XEMHUjCKE CTPYKTYpe, KOje ce 3aTUM OKCHAHWILE Y
racoBuToj ¢aszu. OBe cy pa3MaTpaHa JiBa ciiydaja. Y MpBOM Cliy4ajy, y3uMma ce y 003up camo Op-
3MHa MapajeliHa ca TOKOM peakTaHTa, JOK Ce Y JPYroM Cliydajy pasMmaTpa M BEpTHKalHA Op3uHA.
JenHaunHe eHepreTcKor OuaHca Cy pelieHe U NPEICTaBIbEHE Cy jeJHAYMHE TEMIIEPATyPHOT 110Jba.
IIpBo cy npHKa3aHK pe3yaTaTH 3a HEHCIIApJbUBO FOPHBO M yHopeljeHH ca ekcriepuMeHTHMa. Pesyir-
TaTH TEMIIEPaTYPHOT I0Jba 33 UCIIAPJEMBO F'OPHBO Cy Takohe NpUKa3aHu y OKBHUPY mopehema rope
MOMEHYTHX Clly4ajeBa, IUTO MOKasyje eekTe pa3Marparma BEPTHKaJIHE KOMIIOHEHTE Op3HHE Ha
TEMIEpaTypHO MOJbE.

(Mpumsbeno 13. aBrycra 2010, pesuanpanol0. janyapa 2011)
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