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Assessment of increased energy efficiency of vehicles
with a rational reduction of engine capacity
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Annotation. Problem. The tendency to reduce Engine displacement, which has emerged in recent years
in the global automotive industry, is due to the need to improve the environmental situation and energy
efficiency of vehicles. Goal. The aim of the study is to increase the energy efficiency of vehicles by
rationally reducing the maximum effective engine capacity. Methodology. In the paper authors used the
method of partial accelerations implemented in a mobile registration and measurement complex, which
allowed authors to obtain an improved formula for calculating aerodynamic drug. Experimental studies
of car aerodynamics were also conducted. Results. In the study presents the results of the authors'
research, which made it possible to prove the possibility of reducing the e internal combustion engine
capacity while maintaining the specified maximum speed and the specified level of indicators of the car
dynamic properties. Originality. The relationship between the use of maximum engine capacity and the
relative change in the effective specific fuel consumption of a carburetor gasoline engine, with direct
injection of gasoline and diesel were determined. Practical value. Calculations performed on the example
of the ZAZ-1103 "Slavuta" car showed that a rational reduction in effective engine capacity allows to
reduce fuel consumption by 9.5% for carburetor gasoline engine, and for an engine with direct injection
of gasoline by 6.7 % and for diesel engines, by 20.3%.
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Introduction

The tendency to reduce the capacity of internal
combustion engines, which has been observed in
recent years in the global automobile industry, is
due to the need to improve the environmental
conditions and energy efficiency of vehicles. In
the paper authors presents the results of the re-
search, which allowed them to prove the possibil-
ity of reducing the capacity of the internal com-
bustion engine while maintaining the specified
maximum speed and the specified level of indi-
cators of the vehicles dynamic properties. The re-
lationship between the increase in the degree of
use of the nominal internal combustion engine
capacity and the change in the effective specific
fuel consumption for a carburetor gasoline en-
gine, an engine with direct gasoline injection, and
a diesel engine is determined.

Analysis of publications

Energy efficiency is an operational property that
characterizes the rational use of engine energy
(or another source of mechanical energy) in the
process of vehicle operation. The energy con-
sumption of limited and high cross-country

vehicles during operation, on paved roads and
off-road, was determined in [1]. In the paper [2]
it is shown that the energy efficiency of a car is
largely determined by the degree of its aerody-
namics, which has become an attribute of almost
all recognized design solutions. From this, we
can come to the disappointing conclusion that
aerodynamic drag indicators are decisive
in evaluating the energy efficiency of vehicles.
The work [3] presents scientific and technical
developments dedicated to improving the
energy efficiency of vehicles.

In the paper [4] research is devoted to the
development of new indicators and criteria of
energy efficiency of vehicles. The need for a
new approach to energy efficiency assessment
is due to the appearance of vehicles with alter-
native energy sources. In the paper [4], itis pro-
posed to consider not fuel consumption, but en-
ergy consumption as indicators of the economy
of vehicles.

In the paper [5-7] studies are devoted to the
energy efficiency of vehicles using the indicators
and criteria proposed in [4], in which vehicles
with a mechanical drive, as well as hybrid vehi-
cles and electric vehicles are considered.
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At the beginning of the creation of automobile
theory [8] by experts in the field of aviation, a
calculation formula for aerodynamic drag was
proposed

Ry =PV, ®

where Cy is the coefficient of frontal aerodynamic
resistance; p is air density; F is the midel (frontal
area) of the vehicle; Va is vehicle speed.

Since that time, when calculating the aerody-
namic drag, engineers, taking the value of the in-
dex degree at V, equals 2, believed that the value
of Cyx should be chosen in the calculations de-
pending on the speed of the vehicle. But then,
everyone forgot about this and began to accept Cx
at some constant value of speed, spreading the
use of the specified value of Cy throughout the
entire speed range of the vehicle.

The well-known German scientist Alfred
Jante [9], who studied vehicles in detail in the
wind tunnel, recommended determining the Cy
coefficient at an air blowing speed equal to
10 m/s.

The papers [10-15] are devoted to the method
of experimental investigation of vehicles aerody-
namics. A huge amount of material was accumu-
lated to determine the constant value of Cx for
various vehicles.

The use of the method of partial accelerations,
implemented in a mobile registration and meas-
urement complex, allowed the authors of [16] to
obtain an improved equation to calculate the
force of aerodynamic drag, which has the form

Ry = PRV @

where Ay is the coefficient of regression corre-
sponding to the value of the coefficient of frontal
aerodynamic drag at Va=1 m/s.

The equation (2) under consideration corre-
sponds to the law of change of the coefficient of
frontal aerodynamic drag, which has form

A _A
Cx Van ! (3)

where n is the index of degree (regression coeffi-
cient).

In the paper [18], using the method of partial
accelerations and a mobile registration and meas-
urement complex, conducted experimental studies
of 9 models of passenger cars. As a result, the co-
efficients Aw and n were determined (Tabl. 1).

Table 1. Results of determining Ay and n [18]

Car brand Aw The index of de-

green

VAZ-2170 3.60484 0.977252

«Priora»

VAZ-2110 2.697116 0.877632

VAZ -2111 11.41 1.298592

VAZ -2115 8.000009 1.124172

VAZ -2121 5.401333 0.947272

ZAZ-1103 3.837434 1.151153

«Slavuta»

Toyota Corolla | 2.385834 0.903548

E110

Daewoo Lanos 1.822555 0.808

VAZ-2107 1.897 0.866

Graphs of dependence (3) for 9 passenger car
models studied in [17] are presented in Fig. 1

By the co-authors of the article Podrig-
alo M.A. and Tkachenko A.S. were previously
obtained equations to determin the maximum
power of the engine with the traditional calcula-
tion of the force of aerodynamic drag according
to equation (1) and with the refined calculation
according to equation (2). The ratio between the
calculated maximum effective power of the en-
gine, calculated according to the traditional
method using equation (1) and the refined one
proposed by the authors, has the form

N;max = Nemax -MV:max X

8
A e 4)
C,(1-0.25n) * ™

My XN XAN

where N, is the maximum effective engine ca-

pacity, which is determined by the traditional calcu-
lation of the force of aerodynamic drag according to

equation (1); N, the maximum effective engine

capacity, which is determined by the refined calcu-
lation of the force of aerodynamic drag according to

equation (2); m,>',n, " are instantaneous efficiency
of the transmission and wheels of the vehicle;
AN is the ratio of the effective power of the engine
ne developed at a given speed Va to Ne max-

By the co-authors of the article Podrig-
alo M.A. and Tkachenko A.S. were previously
obtained equations to determin the maximum
power of the engine with the traditional calcula-
tion of the force of aerodynamic drag according
to equation (1) and with the refined calculation
according to equation (2).

ABTOMOOiABHHI TpaHCcHOpPT, Bun. 51, 2022



28

Motor vehicles

= Daewoo Lanos

i Toyota Corolla E110
3— VAZ -2115
4— VAZ-2110
5— VAZ -2121
S _vaz 1

ZAZ-1103 «Slavuta»

2 -VAZ-2170 «Priora»

VAZ-2107

~)

S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Va, mis

Fig. 1. Dependence of the coefficient C, on speed [18]

The ratio between the calculated maximum ef-
fective power of the engine, calculated according
to the traditional method using equation (1) and
the refined one proposed by the authors, has the
form

Ne:max :Ne;max-%\/aamax X

Ad (4)
C,(1-0.25n) *™

AN

where N, isthe maximum effective engine ca-

pacity, which is determined by the traditional cal-
culation of the force of aerodynamic drag accord-

ing to equation (1); N, the maximum effective

engine capacity, which is determined by the re-
fined calculation of the force of aerodynamic
drag according to equation (2); ng>,n:> are in-
stantaneous efficiency of the transmission and
wheels of the vehicle; AN is the ratio of the ef-
fective power of the engine n. developed at a
given speed Va to Ne max.

Regardless of whether the calculation of the
necessary maximum engine capacity was carried
out using the traditional or refined method of de-
termining the force of aerodynamic drag, the ac-
tual consumption of engine capacity when the ve-
hicle is moving at maximum speed will be the
same. Only the degree of utilization of the maxi-
mum effective capacity of the engine will differ.
Suppose that in the case of a refined calculation
of the maximum effective power of the engine,
an increase in the degree of its use at the

maximum speed of the vehicle, a decrease in fuel
consumption will occur.

Purpose and Tasks

The aim of the study is to increase the energy ef-
ficiency of vehicles by rationally reducing the
maximum effective capacity of the engine.

To achieve the goal, the following tasks must
be solved:

— to determine the relationship between the
degree of use of the maximum effective engine
capacity and the effective specific fuel consump-
tion;

- to evaluate the reduction of fuel consump-
tion of the vehicle with a rational reduction of the
maximum effective engine capacity.

Determination of the relationship between the
degree of use of engine capacity and effective
partial fuel consumption

To solve the problem, let us use the load character-
istics of carburetor gasoline and diesel engines
given in [18]. In Table 2 shows the main indicators
of a carburetor engine at throttling [18].

Analysis of the data in Table 2 [18] shows that
throttling of a carburetor gasoline engine (CGE)
leads to a decrease in the indicator and effective
capacity. At the same time, the capacity of me-
chanical losses remains unchanged, and the spe-
cific fuel consumption increases.

Let us enter the notation:

N = N, the degree of use maxi-
oN, = N mum effective engine (5)
capacity;

emax
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g, relative change in the
89, = g,  cffective specific en- (6)
eN gine fuel consumption

where N, g, are the current values of effective
capacity and specific fuel consumption; g, the

realizing the maximum effective capacity of the
engine.
In Table 3 shows the calculation of parameters
ONe and 6g. for the CGE presented in the Table 2
In Figure 2 shows the graph of the dependence
of the relative change in the effective specific fuel

consumption on the degree of utilization of the

effective specific fuel consumption when maximum effective capacity of the CGE.

Table 2. The main indicators of the carburetor engine during throttling [18].

Throttle position
Parameters
Open on 100% Gradual reduction of opening Idling
Intake pressure, kg/cm? 0.88 0.8 0.7 0.6 0.5 0.4
Fuel consumption, kg/h 5.0 4.4 3.7 3.0 2.2 15
Capacity, hp:
Indicator 23.0 19.7 15.3 10.9 6.5 2.2
Effective 20.8 175 13.1 8.7 4.3 0
Mechanical losses 2.2 2.2 2.2 2.2 2.2 2.2
Specific fuel consumption, g/(kWh)
Indicated 217 223 241 275 338 680
Effective 240 252 282 345 512 0
Mechanical efficiency 0.9 0.89 0.86 0.8 0.66 0

Table 3. Calculation of parameters 5N, and 8g. for CGE.

Parameters Throttle position
Open on 100% Gradual reduction of opening Idling
Effective capacity Ne, KW 15.29 12.87 9.63 6.40 3.16 0
Efficient fuel consumption ge, 0.091 0.095 0.107 0.130 0.193 0
SNe 1.000 0.842 0.630 0.419 0.207 0
8Qe 1.000 1.043 1.176 1.429 2.121 0
S Table 4. Estimation of the approximation error of the
- . dependence 8ge (5N.) for CGE.
. SNe 1| 1.043 | 1.176 | 1.429 | 2.121
1 i———— N 8ge 1 | 0872 | 0.630 | 0.419 | 0.207
5, 1 |1.081 | 1.233 | 1.482 | 2.041
! SN,
) 0 0.1 0.2 d(m 0.4 fu‘s 0.6 nif 0.8 0.9 1 11 Relative
Fig. 2. Dependence of g. (3Ne) for CBD error of o | 36 48 37 38
approxi-
To approximate the obtained dependence, it is mation, %

advisable to use a response function of the form Table 5. The main parameters of a tractor diesel accord-

ing to different cycle fuel supplies[18].

S ée = (5|\|e )"‘1 . @) Cyclic fuel Meanef- | Specific effec-
Mode consumption fective tive fugl con-
Gmeycle, pressure pe sumption ge
Using the method of least squares, the optimal __|mg/(cyclel) |kg/sm? | % |gi(kWh)| %
regression coefficient n1=0.453 was determined. Economi-
In Table 4 shows the results of the estimation ga;rfg(;'.r)“s 35 5 |75] 205 | 127
approximation error.
In Figure 3 shows diesel engine load Pog;’ﬁtrsﬂj:
characteristics at the angular speed of the g‘;d ) 60 6.7 1100} 260 | 100
crankshaft o, = 136 s [18]. _ Effoctive
In Table 5 shows the main parameters of the (points 3 50 64 |96 | 220 | 107
tractor diesel under different cyclic fuel supplies. and 3"
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Fig. 3. Diesel engine load characteristics (w. =136 s) [19]

The results of the processing load characteris-
tics for diesel engine, taken from the work [18],
made it possible to obtain the dependence

approximation for 5 points is 5.47%, which is ac-
ceptable. Figure 4 shows the dependences of
8ge (6Ne) and for diesel engine presented in [18].

8ge (6N.) (Table 6, Figure 4).
Table 6. Determination of the dependence of dge (6N¢)

dg. : for diesel engine.

| SNe 015| 030 [075]0.96]1.0
'8 50e 1.92 | 115 |0.79]0.85] 1.0
16 5@,9 1.92 | 097 [0.79]0.95] 1.0
14 \ Relative er-

\ | rorofap-\ 5 | 4565 | o |11.7] 0
12 proxima-

tion, %

\\ SEAaN) |
X
N

0.8 o O As a result of approximation by three points
&, (&) (6Ne=1.0; 8Ne=0.75; 8N.=0.15) a response func-
06 ‘ tion was obtained, which has the form
0.4 ‘\
~ - -158

o 89, =0.063"" -(3N,) (8)
2 N For engine with direct gasoline injection, we

0 0.2 0.4 0.6 0.8 1 1.2

use the load characteristic obtained by professor
A.A. Prokhorenko and associate professor
O.P. Kuzmenko.

In Table 7 shows the results of the calculation
of the parameter 6g. at the angular crankshaft
velocity o, =419 s

Fig. 4. Dependencies of 8ge (SNe) and Sae (3N,)
for diesel engine [19]

Table 6 shows the results of estimation of the
approximation error. The average error of

Table 7. Calculation of the parameter 8g. depending on 8N. for an engine with direct gasoline injection at o, =419 s™.

ONe 0.185 0.298 0.400 0.519 0.653 0.795 0.891 0982 | 1
80e 1.557 1.227 1.107 1.009 0.960 0.916 0.906 0.888 | 1
89, 1.463 1.268 1.161 1.074 1.002 0.945 0.913 0.887 | 1

Relative error of
approximation’ 0% -6.0 3.3 49 6.44 4.4 -3.16 0.77 -0.11 0

Automobile transport, Vol. 51, 2022
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In Figure 5 shows the dependence graph of
80e (ONe), made according to the calculation
results given in Table 7.

The analysis of the course of the curve pre-
sented in Figure 5 shows that with 3N.=1 point of
the curve falls out and the curve 8ge (8N¢) has a
break. And here a partial-linear approximation is
proposed, i.e.

A 1-when 6N, =1,
©)

$a =
. A-(8N,) ™ —when 8N, <1.

Construction of the response function by se-
lecting one nodal point 6N =0.982 (see Table 7)
and selecting the degree n allowed to obtain
A=0.882 and n;=0.3, i.e.

A 1-when 8N, =1;
89, = ) 10
: 0.882-(3N, ) ** —when 8N, <1. 10)
og.
1.6
\
1.4 A A
' &.[eN,)
1.2 w\
1 \:;5
08 EICH
0.6
0.4
0.2
0
oN.

0 0.1 02 03 04 05 06 0.7 08 09 1
Fig. 5. Graph of dependence 6ge (6N¢) for an en-
gine with direct gasoline injection

Calculations of values & ée for different val-
ues of oN. are given in table 7. There is also an

estimate of the calculation error based on the ap-
proximating dependence. Table 7 shows that the
maximum error of calculation exceeds 6.44%.

Figure 5 shows the dependence aée(SNe)

graph for an engine with direct gasoline injection.

A comparative analysis of the course of the
8ge (8Ne) curves for different types of internal
combustion engines shows (see Tables 3, 6, 7)
that for the CGE, a decrease in the degree of uti-
lization of the maximum effective engine capac-
ity 6N causes an increase in the effective specific
fuel consumption 8ge. A different situation with
diesel engine and the engine with direct gasoline
injection. In a diesel engine at N, = 0.3-0.96.
Value 6Ne<1. In an engine with direct gasoline
injection, dN.<1 at 8ge =0.653-0.982.

Estimation of fuel consumption reduction
with a rational reduction of the maximum ef-
fective engine capacity

Given that with a rational reduction of engine ca-

pacity N_ <N, let us determine SN, from
equation (4).
3N, = Ne;max 1. CXPFYaamax o
Nemax 8N e
AV (12)
~ C,(1-0.25n)

e N

Let us evaluate the fuel consumption reduc-
tion for the car ZAZ-1103 "Slavuta" with a ra-
tional reduction of engine capacity. The initial
data for the calculation are given in
Table 8. When the car ZAZ-1103 "Slavuta"
moves, the power consumption both with in-

stalled engine with N, __ =45kW and the engine
with N, isthe same and equal N, -

But in the second case 8N.=1, and in the first
case ON<1.

ax

Table 8. Initial data for calculating the reduction of the effective specific fuel consumption of the car ZAZ-1103.

Parame- N ’ Vama, Aw

ters keW P g/m3 F, m? ;{7; (m/S)n Cx n ﬂ{?gn n?gn Nn
Parame- 45 1.225 1.753 | 40.83 | 3.837 |0375|1.151| 085 | 09 |0.85
ter values

The calculation according to equation (11)
showed that for the car ZAZ-1103 "Slavuta” with

serial engine capacity N, =45 kW, the
level of its use is 5Ne =0.818.

Inthis case, the increase in effective specific fuel
consumption (compared to SNe =1) is: 5§, =1.095
— for CGE; 8¢, =0.937 — for direct injection of
gasoline; &g, =0.831 —for a diesel engine.
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The analysis of the calculation results shows Conflict of interests
that with a carburetor gasoline engine, a rational
reduction of the maximum effective capacity
allows to reduce the effective specific fuel con-
sumption by 9.5%. This value is proportional to
the absolute fuel consumption (if the effective
capacity of the engine is equal). It follows that 1. Byxapun, H. A., TIposopos, B. C., & Illyxnn, M.
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Ouinka nmixBUIIEHHS eHeproed)eKTHBHOCTI
aBTOMOOLIIB NPH PAliOHAJILHOMY 3HUKEHHI
NMOTYKHOCTi ABUTYHIB

Anomauin. npoonema. Tendenyis 00 3meHUeHHS PO-
601020 00'€My 08ULYHIB GHYMPIUHBLOSO 320PAHHS, WO
HAMIMUNACA OCMAHHIMU POKAMU Y CBIIMOBOMY A8MO-
Mobinebyoysanni, 06ymosneHa HeoOXiOHicmI0 nOKpa-
WeHHs eKoN02iYHOI 00CcmanoeKy ma enepeoedexmus-
Hocmi asmomobinbHozco mpancnopmy. Mema. Me-
MO0 00CTIONCEHHSL € NIOBUWEHHSL eHeP20eqheKMUBHO-
cmi agmomMoOiNi6 WISIXOM PAYIOHATLHO20 3MEHULeHHS
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MAKCUMANLHOL eqheKmUeHOI NOMyMICHOCME 08UZYHA.
Memooonocia. Y pobomi euxopucmano memoo nap-
YIanbHUX NPUCKOPEHb, Peanizo8aH020 8 MOOIIbHOMY
PeECMPayiiiHO-UMIPIOBATLHOMY KOMNIEKCI, Wo 00-
3807UNO ABMOPAM OMPUMAamu yYOOCKOHANEHY ¢hop-
MYRY 01 PO3PAXYHKY CUNU AEPOOUHAMIYHO20 ONOpY.
A makosic npogeodeHi eKCnepUMEeHMAIbHi OO0CTi-
OvicenHsl aepoOuHamixu aemomodins. Pesynomamu. Y
cmammi HA8eoeHo pe3yibmamu 00CHIONCEeHb A8MOo-
Pi8, Wo 00360aUNU 00BECIU MONCTUBICTND 3MEHULEHHSL
nomyoichocmi /B3 npu 30epedcenui 3a0anoi maxcu-
MANbHOL WBUOKOCMI Ma 3A0aH020 Di6HA NOKA3HUKIB
OUHaMIYHUX eracmueocmeti asmomooinie. Opucina-
abHicms. Busnaueno e3aemoss’sazox migwe cmynenem
BUKOPUCIMAHHA MAKCUMALLHOT NOMYICHOCHIE 08USYHA
ma BIOHOCHOIW 3MIHOW0 eeKmusHoi numomoi eu-
mpamu naaueéa KapowopamopHozo 6eH3UHO08020 08U-
2yHa 3 Oe3nocepeOHiM YNOPCKYBAHHAM OeH3UHy ma
ouzens. Ilpakmuyuna yinnicms. Bukowawni Ha npux-
nadi asmomobina 343-1103 «Cnasymay pos3paxynxu
NOKA34U, WO PAYIOHATbHE 3HUICEHHS epeKmueHoi
nomyoicnocmi 0osgonsie 0132 KB/ na 9,5% suuzumu
sumpamy nauuea, a Ol 08ucyHa 3 Oe3nocepeoHim
VHOPCKYBAHHAM DEeH3UHy ma Ou3enis, ye npu3eo0ums
00 30inbenns sumpamu naauea Ha 6,7% ma 20,3%
8i0N08ioHo.

Kniouosi cnosa: enepeoepexmugnicms, agmomooiny,
08USYH GHYMPIUHBO20 320PAHHSA, AePOOUHAMIYHUL
onip, eumpama nauuéd.
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