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DETERMINATION OF THE FUEL CONSUMPTION FOR A PASSENGER CAR THROUGH THE
POWER AND SPEED ON IMITATION ROLLER STAND

Fuel consumption is one of the indicators that characterize the operational properties of road vehicles. In this
study, the main factors that affect on fuel consumption of vehicles during its operation were analyzed. Most operating
conditions can be repeated on the roller stand.

The main mathematical methods that are used to calculate fuel consumption in road conditions and during
bench tests were analyzed. It is indicated that for bench tests for fuel efficiency, it is important to correctly set and
control the force on the vehicle wheels.

The paper proposes a mathematical model for determining fuel consumption, which the amount of fuel
consumption is calculated through the load power mode and vehicle speed. The calculation method is based on
obtaining the efficiency of: indicator, mechanical, transmission and wheels, from which the overall vehicle efficiency
was obtained. The table shows the results of calculating fuel consumption, wheel power and overall efficiency, as well
as its constituent components. All parameters were defined for variable vehicle speed.

A general algorithm and results of calculating fuel consumption in road conditions and on a roller stand with
different power on wheels were given. The results of experimental studies were presented, where the fuel consumption
was determined for cars of the VAZ brand. Fuel consumption increases in the range of 6 to 11 1/100 km if the wheel
power varies in the range of 7 to 21 kW. This is in good agreement with the data calculated in the same range of
parameters. Calculations show an increase in fuel consumption if the power is reduced from 5 kW and below. This can
be explained by the fact that in this mode the vehicle moves in low gears of the gearbox. It was not possible to repeat
this mode during the experiment.

General conclusions and directions for further research were formulated.

Key words: car, fuel consumption, a roller dynamometer, mode of load, mode of speed, efficiency.

INTRODUCTION

In the process of designing and creating a vehicle structure, engineers lay down certain characteristics
that will be implemented during its manufacture and manifest themselves during operation. The new
machine has both operational and design characteristics. One of the main characteristics of performance
characteristics is fuel consumption.

Fuel efficiency depends on several factors, the main of which are: design features and characteristics
of the car; operational parameters of the vehicle; technical condition of the vehicle; driving mode and driver
class. For new cars, fuel consumption can be reduced by rationally choosing the optimal driving mode. To do
this, it is necessary to establish an analytical and experimental relationship between fuel consumption and
power-speed mode in the process of vehicle movement.

It is necessary to be able to calculate and provide the necessary test modes (stand speed, stand power,
etc.), so that the fuel consumption is identical (on the road and on the stand).

Adequate modeling of road conditions on a roller test bench makes it possible to take into account a
variety of design and operational factors that form fuel consumption for a car engine.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The theoretical foundations of mathematical modeling of the operational properties of a car were laid
by researchers in the first half of the last century. At that time, a dependence was proposed for determining
road fuel consumption through specific indicator fuel consumption and vehicle power. The principles for
evaluating the fuel efficiency of a car in real operating conditions were laid down by prof.
Govorushchenko M.Ya. [1]. Further development of the methodology for calculating fuel consumption
through various indicators is reflected in the following works: by specific indicators [2], by the efficiency of
the vehicle's power units [3], by the uneven movement of the car on the road [4], by the change in the
indicator fuel consumption [5] . The papers [5] and [6] present the practical implementation of a new
methodology for assessing and automotive diagnostics based on fuel consumption. The papers [6] and [7]
give a feature of determining fuel efficiency during bench tests on a roller bench. In works [2-7], fuel
consumption was determined from the speed of car on the road or the roller stand. The study of other
operational parameters in these works was not considered explicitly.

PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of this work is to obtain a mathematical dependence for definition of fuel consumption
through the power on the car wheels. It is necessary to compare the fuel consumption values, which are
obtained by mathematical modeling, with the experimental results of the study for bench tests of the car.
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RESEARCH RESULT
Fuel consumption in 1/200 km for road testing is calculated using the following formula

100-Q
Q=—~—+, 1
Va Py
where Q, — hourly fuel consumption, kg/h.;
V, — vehicle speed, km/h;
p, — fuel density, kg/l.
Hourly fuel consumption is determined through the indicator or effective engine parameters:
Ql = ge : Ne 1 (2)
where g, — specific effective fuel consumption, kg/kw;
N, - engine effective power, KW.
The specific effective fuel consumption in g/kW is related to the effective engine efficiency:
3600
9. = , ®)
H, -1,

where H,, — lower calorific value, kg/kJ;

Ne —engine effective efficiency.

The engine effective efficiency is a composite index that takes into account the indicator and
mechanical losses in the engine:

77e = 77i : 77411 ’ (4)

where 7, —engine indicator efficiency;
n, — engine mechanical efficiency.
The effective engine power is related to the wheels power for vehicle as:

N,=N,/17,,, ()

where N, — power that was brought to the vehicle wheels, kW;
n,, — transmission efficiency.
Fuel consumption on the road is determined by the formula, taking into account dependencies (2 - 5):

B 360- N,
Va'pt : HH '77i '77,11 '77”5(}

Q (6)

When the car is "moving" on a roller stand, it is convenient to create and measure power not on
wheels, but on the stand rollers. Then the formula for determining the fuel consumption of vehicle at the
stand, taking into account the loss of energy in the wheels, will be:

B 360- N,
Va 'pt : Hu '77i '77.11 .nmp .nk

Q ()

where 7, —wheel efficiency,
N, — power on bench rollers, KW. N, =N, /7,
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The components of 4 efficiency: for the engine, transmission and wheels, can be expressed in terms of
the general vehicle efficiency, i.e. , =7, -7, -7, -7, . Then formula (7) can be written as follows:

Q

360- N,

V,opcH,

(7)

In [8], there are calculated dependences for determining the engine indicator efficiency and engine
mechanical efficiency and the transmission efficiency and wheels efficiency, as well as the dependence for

determining the overall vehicle efficiency.

Table 1 shows the values of the efficiency of the car and its components, which were calculated for the
VAZ-2107 when the vehicle is moving on the road.

Table 1 — The results of calculating the fuel consumption for a VAZ-2107 car

Va: km/h i m e Hmp Mk Na PK! N NK! kW | Qv 1/100 km
25 0,300 | 0,380 | 0,214 | 0,910 | 0,480 | 0,050 | 261,95 1.819 11,24
35 0,304 | 0,460 | 0,240 | 0,870 | 0,517 | 0,063 | 299,30 2.910 9,04
60 0,311 | 0,569 | 0,277 | 0,770 | 0,660 | 0,090 372,27 6.211 6,3
90 0,320 | 0,728 | 0,233 | 0,730 | 0,452 | 0,077 | 473,83 11.846 7,38
120 0,330 | 0,788 | 0,260 | 0,737 | 0,292 | 0,056 | 671,24 22.375 10,2
150 0,340 | 0,783 | 0,266 | 0,757 | 0,228 | 0,046 | 836,70 34.862 12,26
The value of the force on the vehicle wheels was calculated by the formula:
P, =G, -w+0.077-kF -V, ®)
where G, — vehicle weight, N;
w — total road resistance coefficient;
kF — streamlining factor, N» s?/m?.
Values  and kF are recommended to be calculated using the following formulas:
001V .
=] 9)
Va
kF=k-«, -B,-H (10)

where V__ — maximum vehicle speed, km/h;

K — air resistance coefficient, N-s?/m*:
a, — frontal area fill factor;

B, — vehicle width, m;

H, — vehicle height, m.

If you know the power that is supplied to the vehicle wheels, you can calculate the power at the

vehicle wheels in watts.:

P -V
N — _Kk a 11
=36 (11)
Finally we get the power that is supplied to the vehicle wheels in kW:
N, =2.78-10*-(G, -0.01-V_, +0.077-k -, -B, - H, -V,*). (12)
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Table 1 summarizes the values of wheel force and wheel power, which were calculated using formulas
(8) and (12). The last column of table 1 shows the calculated values of fuel consumption for the VAZ-2107
when the vehicle was moving along the road in running order.

The following initial data were adopted for the VAZ-2107 vehicle in the calculations of fuel
consumption, power to the wheels and efficiency of the vehicle: G,=10400 H; V,, =160 km/h; ¢, =0.9; k =
0.36 Hes’/m*; B, =1.6 m; H_=1.4m; p, =0.76 glcm®; H =44000 kJ/kg.

If we substitute the initial data in dependences (6), (8) and (12), then we can obtain simplified
formulas in relation to the vehicle VAZ-2107. Then the formulas for calculating the wheel force and wheel
power, as well as fuel consumption will take the following form:

— power on vehicle wheels P, , N:

_ 15600

P +1.13-V.%; (12)

a

— power, which is connected to vehicle wheels N, , KW:

N, =4.33+3.14.10*-V,°; (13)
— fuel consumption Q, 1/100 km:
o 0.0108-N, _ (14)
Va 'ni '77,11 'nmp

DISCUSSION OF THE RESEARCH RESULTS

A graphical dependence was built, which shows how fuel consumption changes depending on the
power supplied to the car wheels, according to the calculated data. The results of the calculation were shown
graphically in Figure 1.

As you can see from the graph, the power at the vehicle wheels has an ambiguous effect on fuel
consumption. In the wheel power range from 1 kW to 6 kW, fuel consumption decreases with increasing
power at the vehicle wheels. When the power at the wheels increases from 6 kW and above, the fuel
consumption increases almost linearly. For the VAZ-2107 vehicle, the value of the minimum fuel
consumption corresponds to the wheel power, which is 6 kW.
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Figure 1 - Theoretical dependence of fuel consumption on wheel power for a VAZ-2107 vehicle

Experimental characteristics were obtained for several vehicles of VAZ models. Figure 2 shows how
wheel power affects fuel consumption when cars are driven on a wheel stand. This makes it possible to
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compare the results of calculations by the mathematical model with the experimental results. The range of
power change from 7 to 20 kW was determined by the technical capabilities of the roller stand. Simulate
power less than 7 kW did not allow the design of the stand.
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Figure 2 - Graph of fuel consumption in 1/ 100 km, which varies with the wheel power on the vehicle

From Graph 2 you can see an almost linear fuel consumption versus wheel power curve for a car.
The deviation of the theoretical and experimental characteristics of the vehicle VAZ-2107 does not exceed
3 %. The intensity of change in fuel consumption from wheel power varies slightly for different vehicle
models.

CONCLUSIONS

The minimum fuel consumption is for the speed range from 60 to 90 km / h for the VAZ 2107
vehicle. When the VAZ-2107 vehicle is moving on the road, the minimum fuel consumption corresponds to
the wheel power when it is 7 kW. Then, at this power, fuel consumption will correspond to 6 1 / 100 km. In
the load range from 7 to 20 kW, the fuel consumption of vehicles increases almost linearly. The results of
these studies can be used to improve the methodology for rationing fuel consumption in transport.
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IO. T'op0ik, C. KpuBomamnoB. BusHaueHHs BUTpPaTH NaJMBa ISl JErKOBOr0 aBTOMOOiIsA 3a
NOTYKHICTIO i IIBUAKICTIO HA iMiTANIITHOMY POJIMKOBOMY CTEHAI

Butpara nanuBa - oJJMH 3 MMOKAa3HHKIB, 1[0 XapaKTEPU3yIOTh EKCIUTyaTalliliHI BIaCTHBOCTI JOPOXKHBO-
TpaHCTIOpPTHUX 3ac00iB. B po0OoTi Oynu mpoaHamizoBaHi OCHOBHI (pakTopw, IO BIDIMBAIOTH HAa BUTPATY
MajrBa aBTOMOOLTIB Y MPOIIeCi eKCIuTyaTaItii.

Binpmricte  yMOB ekcrutyaTamii MOXYTh OyTH TIOBTOPEHI Ha pOJHMKOBOMY CTErHi 3 OIrOBHMH
Oapabanamu. [IpoaHanizoBaHO MaTeMaTH4YHI METOJM PO3PaxXyHKY BUTpaTH MANMBA y JOPOXKHIX yMOBax Ta
CTEHIOBUX BHUIPOOYBaHHAX. BKa3zyerbcs, MmO Uil CTEHIOBHX BHUIPOOYBaHb Ha MaJMBHY EKOHOMIUHICTH
Ba)KJTUBO MPABUIILHO BCTAHOBIIIOBATH 1 KOHTPOJIIOBATH HABAHTAXKEHHS Ha KOJIecax aBTOMOOLIIS.

Y poboTi 3ampomoHOBAaHO MaTeMaTWYHy MOJENb BWU3HAYEHHS BUTPATH IalMBa 4Yepe3 PEeKUM
HaBaHTAXEHHS Ta MIBHIKICTH pyXy aBTOMOOLIs. Po3paxyHkoBuil meron 3acHoBanuii Ha orpumanHi KK/I:
IHAMKAaTOPHOT0, MEXaHIYHOT0, TPAHCMICIi Ta Koiic, 3 akux Oyno otpumano 3aranbHuil KK TpancrnopTHOTro
3aco0y. YV TaOIuIll HaBeJIEHO Pe3yIbTATH PO3PAXyHKY BUTPATH NAMBA, KOJNICHOI MOTYXHOCTI Ta 3arajbHOro
KK/, a takoxx #oro ckimamoBux ejeMeHTiB. Bci mapamerpu Oynu BU3Ha4YeHi IJisi Pi3HOI IIBHAKOCTI
aBTOMOOLIIS.

HaBeneHo anroput™ Ta pe3ysibTaTH PO3paxyHKy BUTPATH MMajMBa Ha JIOPO3i Ta HAa CTCHI 3 OIrOBUMU
OapabaHaMu 3a pi3HOI MOTYKHOCTI Ha KoOJIecax aBTOMOOUIS Ta pOJHMKax CTeHAy. HaBeneHo pes3ynbTaTv
EKCHEPUMEHTAIBHUX JIOCIIKEHb IIOA0 BU3HAYEHHS BUTpATH NanuBa A aBTomoOiuniB BA3. Burtpara
najuMBa 3pocta€e B fiama3oni Big 6 g0 11 1/100 kM, SKIIO MOTYXHICTh Ha KOJIeCaX 3MIHIOEThCS Big 7 10
21 kBt. Lle no0pe y3rojKyeTbcsi 3 PO3PaXyHKOBUMH JaHUMH y TOMY K Jialla3oHi 3MiHM TapaMeTpiB.
Po3paxyHKHM MOKa3ylOTh 301/IbIIEHHS] BUTPATH MajHBa, SKIIO MOTY)KHOCTI 3HWXKYETbCA Bl 5 KBT Ta HIXKUe.
Ile MOXHa TOSCHUTU TUM, IO y LBOMY PEXUMI TPaHCIOPTHHUH 3acid pyxaeTbcs Ha HM3BbKHX Iepeaad
KopoOku nepenad. [ToBTOpUTH TIeHt peKUM y MPOTIeCi EKCIIEPUMEHTY OYII0 HEMOKIIHBO.

CdopmMynp0BaHO BUCHOBKH Ta HAIPSMH HOAAIBIINX JT0CITIKEHb.
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KuaruoBi ciaoBa: aBTOMOOLTb, BUTpaTa TNaNWBa, CTEHA 3 OiroBuMu OapabaHamu, pPEKUM
HaBaHTKCHHS, IIBUAKICHUH pexxnm, KK]I.
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