1

CONTENTS

J. Karimov, M. Shermatova, THE THERMODYNAMIC FORMALISM FOR CIRCLE MAPS WITH
ALGEBRAIC ROTATION NUMBER....................................................................................................... 7
A.S. Khalmukhamedov, J. Omarov, A. Anvarzhonov, ANALYSIS OF REQUIREMENTS FOR
WEIGHT AND DIMENSIONAL INDICATORS OF FREIGHT VEHICLES IN THE REPUBLIC OF
UZBEKISTAN .......................................................................................................................................... 12
E. Khaltursunov, TECHNIQUE OPTIMIZATION THE LOCATION OF SOME NETWORKS OF
SERVICE INSTITUTIONS ...................................................................................................................... 17
J. Mavlonov, S. Ruzimov, A. Mukhitdinov, CRITICAL REVIEW OF THE PERFORMANCE OF THE
BATTERY ELECTRIC VEHICLE AVAILABLE ON THE MARKET ................................................. 21
G.N.Tsoy, A.M.Nabiev, DEVELOPMENT OF A HIGHLY EFFICIENT MACHINE FOR
DEHYDRATION OF MOISTURE-SATURATED MATERIALS ......................................................... 25
S. Asanov, STRESS AND DEFORMATION ANALYSIS OF THE BRAKE PEDAL USING FINITE
ELEMENT METHOD.. ............................................................................................................................ 30
S. Asanov, ON THE PARAMETERS INFLUENCING THE BRAKE PEDAL "FEEL" IN
PASSENGER CARS................................................................................................................................. 33
U.Usmanov, THE EFFECT OF DIFFERENT REGIMES FOR PREMIXED TURBULENT
COMBUSTION TO THE BURNING SPEED INSIDE THE COMBUSTION CHAMBER OF A 2
LITER 4 IN-LINE CYLINDER SPARK IGNITION ICE.. .................................................................... 37
A. Azamatov, K. Rakhimqoriev, D. Aliakbarov, A. Nabijonov, CONFIGURATIONS OF LARGE
TRANSPORT AIRCRAFT: PROSPECT AND PROBLEMS ................................................................. 41
Ф. Умеров, ОБОСНОВАНИЕ ЭКСПЛУАТАЦИОННЫХ ПОКАЗАТЕЛЕЙ ДВИГАТЕЛЕЙ
АВТОМОБИЛЕЙ С МЕХАТРОННОЙ СИСТЕМОЙ УПРАВЛЕНИЯ ............................................. 48
Sharipov K.A. Zaynutdinova U.Dj., ASSESSMENT OF EFFICIENCY OF MARKETING OF
AUTOMOBILE ENTERPRISES.............................................................................................................. 61

-5-

Acta of Turin Polytechnic University in Tashkent, 2021, 30, 37-40

Published Online September 2021 in Acta TTPU (http://www.acta.polito.uz/)

The effect of different regimes for premixed
turbulent combustion to the burning speed inside
the combustion chamber of a 2 liter 4 in-line
cylinder spark ignition ICE.
Umidjon Usmanov
Department of Mechanical and Aerospace Engineering
Turin Polytechnic University in Tashkent,17, Little Ring Road street, Tashkent, Uzbekistan
Email: usmanovumidjoni@gmail.com

Abstract– This article describes different regimes for premixed turbulent combustion in gasoline internal combustion engines and the
way they enhance the burning speed of a turbulent flame comparing
with a laminar combustion. For this reason, we classify different
regimes and summarize them in a single diagram called Borghi plot
where it is possible to distinguish them and separately analyze depending on the characteristics of the turbulence. Finally, we can
determine the effect of each regime to the turbulent burning speed
of a premixed flame.

following table.
TABLE 1: E NGINE SPECIFICATIONS

Parameters of the engine
Bore
Stroke
Compression ratio
Cylinder number
Displacement

Property
84 mm
90 mm
10.35
4
1995 cm3

Key words– turbulent combustion, combustion diagnostics, premixed combustion, flame corrugation, Borghi plot.
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I NTRODUCTION

In SI engines the time for premixed combustion scales almost linearly with a rotational speed of an engine due to the
effect of turbulence, so on a crank angle basis the duration of
a combustion is almost constant which is the reason of why
SI engines can reach a much higher rotational speed compared to CI engines[1]. It is interesting to notice that while
some scales of turbulence are able to enhance the burning
speed of a premixed turbulent flame, others can even worsen
or destroy the flame front[2]. Analysis starts with a definition of a burning speed Sb and making a comparison with a
laminar burning velocity Sl . The question that worth making
the focus on is whether the burning speed is locally laminar and the enhancement due to the turbulence occurs due
to the flame corrugation effect or there are some modifications in the chemistry of the transformation of reactants to
the products inside the corrugated flame front, so altering
the local burning speed, which becomes different from laminar one. During this analysis, we will try investigate this
phenomenon. Main engine specifications are provided in the

B URNING SPEED IN ICE

Burning of a premixed air fuel mixture in internal combustion engines occur not under laminar condition due to the
corrugation of a flame front by the turbulence[3]. The black
wrinkled line indicates the corrugated by turbulence flame
front area and is indicated as Acorr (Figure 1). In order to
define burning speed Sb , we introduce a new hypothetical
area, called burning area Ab (Figure 1), such that the volume
of burned and unburned gas above and below both areas are
equal[2]. By assuming that locally burning speed is laminar,
which works only in specific scales of turbulence, we can
write
dmu
] = ρu Sl Acorr = ρu Sb Ab
(1)
dt
Where ρu -density of unburbed gas, Sl -laminar burning
speed, Sb -turbulent burning speed.
From this relation the turbulent burning speed is
[

Sb = Sl

Acorr
Ab

(2)
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broken reaction zones. The laminar flames regime is out of
consideration for combustion in ICE. In order to study the
effect of turbulence, it is important to analyze each regime
separately.
1

Wrinkled flamelets regime
In the wrinkled flamelets regime, the velocity at integral
0
scale vn is lower than the laminar burning speed Sl (Figure
3).

Fig. 1: Premixed combustion

The burning speed is enhanced by the turbulence by a
factor which is proportional to the ratio of corrugated and
burning areas by assuming that locally flame propagates with
laminar burning velocity [3].
III

Fig. 3: Inertial subrange for wrinkled flamelets

Where η–Kolmogorov length scale, Li – integral length
scale, vη – Kolmogorov’s velocity scale.

P REMIXED TURBULENT REGIMES DIAGRAM

We will consider regimes of premixed turbulent combustion in terms of velocity and length scale ratios proposed by
Borghi (1985) [4].

Fig. 4: Wrinkled flame front

Fig. 2: Borghi plot

This diagram (Figure 2), where x axis indicates the ratio of
integral length scale of turbulence and length scale of flame
0
front vn /Sl and y axis indicating the ratio of velocity at integral scale and laminar burning speed l/lF , distinguishes 4
different regimes for premixed turbulent combustion: wrinkled flamelets, corrugated flamelets, thin reaction zones and

Provided higher turbulence content, the fast revolutions of
the eddies tends to corrugate the flame front (Figure 4), but
the intensity is not enough that he only effect is a wrinkling
of a flame front. Still, the combustion is locally laminar and
the enhancement of the burning speed is almost negligible
[5]. Thus, in the wrinkled flamelets regime, the turnover velocity of the largest eddies is not enough to compete with the
advancement of the flame front. Laminar flame propagation
dominates over flame front corrugation by turbulence.
2

Corrugated flamelets regime
The borderline separating wrinkled and corrugated
0
flamelets is characterized by vn /Sl = 1. Therefore only in-
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tegral scale turbulence is able to substantially corrugate the
0
flame front. Above this line the ratio is vn /Sl > 1 and the
Karlovitz number Ka < 1. From the difinition of Karlovitz
number, we have
Ka =

v2η
tf
l2
= F2 = 2
tη
η
Sl

(3)

By summarizing all the equations, we have
 0
vn


>1
 0



( 0
Sl


v
 n >1
v
vn > Sl > vη
η
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< 1 ⇐⇒
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η > lF
l
Ka < 1




l

 F <1
η

(4)

Fig. 6: Corrugated flame front
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Fig. 5: Inertial subrange for corrugated flamelets

Where lG is the Gibson length scale, above which there
are vortices that are faster than flame front and below which
there are vortices that are slower than flame front. However,
Kolmogorov length scale is larger than the thickness of the
flame front (Figure 5).
Since η > lF , the entire reactive-diffusive flame structure
is embedded within eddies of the Kolmogorov scale, where
the flow is quasi-laminar. Although the eddies larger than
the Gibson length scale cause a substantial corrugation of
the flame front, the flame structure is not perturbed by turbulent fluctuations and does not change it’s structure.(Figure
6) Therefore, the flame front locally propagates with laminar burning velocity, and the enhancement occurs only due
to flame front corrugation [5].
Thin reaction zones regime
Thin reaction zone regime is characterized by Ka > 1 and
Kaδ < 1. Therefore

(5)

Where Kaδ is the second Karlovitz number, lδ – thickness
of inner layer of reaction zone.
Velocity at Kolmogorv Scale is larger than laminar burning velocity, therefore any scale of turbulence can substantially corrugate the flame front (Figure 7). Moreover, Kolmogorov scale is less than flame thickness and higher than
the thickness of inner layer of reaction zone. As a result, eddies can enter into the preheat zone and increase mixing of
radicals. These eddies during their turnover time might interact with the advancing reaction front and transport preheated
fluid from a region in front of the reaction zone over a distance corresponding to eddy size. In addition, the heat transfer is enhanced from inner layer to preheated zone of flame

3

Fig. 7: Inertial subrange for thin reaction zones
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front [5]. However, such eddies cannot penetrate into the inner layer because Kaδ < 1. Therefore, the enhancement of
burning speed occurs not only due to corrugation effect but
also due to better kinetics of chemical reactions happening
in the flame front[6]. The local burning speed is no more
laminar. The burning speed is now
0

Sb = Sl

Acorr
Ab

(6)

0

Where Sl - enhanced local burning speed, which is different from laminar one.
4

Broken reaction zones regime

Second Karlovitz number is less than one for broken reaction zones [7].

4

IV

C ONCLUSION

In conclusion, turbulent flow field could be intensified
through several approaches, like bowl-in piston, directed or
deflected intake wall ports, helical inlet port and etc. However, although turbulence seems to enhance burning speed at
any scale, it is evident that substantial amplification occurs
only at corrugated flamelets and thin reaction zones regime
0
and at a specific zone where vn /Sl > 1 and Kaδ < 1. Furthermore, local speed of propagation of the flame front remains
laminar in case of corrugated flamelets regime and improvement occurs at the expense of increased flame front area.
Nevertheless, local burning speed becomes different from
laminar in case of thin reaction zone regime due to improved
chemical reaction kinetics inside the flame front. Enhancement in this case occurs both from increased flame front area
and local burning speed. Finally, concerning the application
field, it can be claimed that by properly tuning the turbulence
level and matching the burning speed enhancement zones inside the gasoline combustion chamber across all the range of
engine rotational speeds, it is possible to further increase the
limit of engine revolution speed of a particular engine.
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Fig. 8: Inertial subrange for broken reaction zones

Kaδ < 1 ⇐⇒ η < Lδ

(7)
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