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Aleksandras Stulginskis university, Kausademy, Lithuania
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COMPARATIVE PERFORMANCE OF A DIESEL ENGINE WITH AVIATION
JP-8 FUEL TREATED WITH CETANE IMPROVING
ADDITIVE AND RAPESEED BIODIESEL

The paper presents the test results of a DI diesel engine D -243 operating alternately with aviation -turbine
JP-8 fuel treated with 0.04.(J04), 0.08 (J08), 0.12 (J12), 0.16 (J16), and 0.24 (J24) vol% with the cetane
improving additive and 5 (J5), 10 (J10), 20 (J20), and 30 (J30) vol% rapeseed biodiesel (RME). The effects of 2 -
ethylhexyl nitrate and biodiesel on autoignition delay, heat release rate, in  -cylinder pressure, engine performance
efficiency, exhaust emissions and smoke provided for sound interpreta tion of the test results for 15%, 50%%, and
100% loads at the maximum torque speed of 1400 rpm and 10%, 50%, and 100% loads at rated speed of 2200
rpm. Reduction in ignition delay was achieved at all loads and speeds when using cetane additive - and RME -
treated JP-8 fuel, but the shorter ignition delay did not always result to better performance efficiency of an engine.
The fuel blend J12 developed brake thermal efficiency 1.4% higher at low 1400 rpm, whereas biodiesel -treated JP-
8 suggested 1.0% (J5) to 3.6% (J30) better performance of a fully (100%) loaded engine at 2200 rpm. The higher
CN rating of JP -8 fuel did not reduce the HC, CO emissions and smoke (soot) as could be expected due to the
limited a real time of each engine cycle to burn the fuel complet  ely, especially at a high speed.

Key words: Diesel engine, JP-8 fuel, cetane improving additive, RME, autoignition, combustion, heat
release rate, performance efficiency, emissions, smoke.

The relevance of the problem.In 2004, the North Atlantic Treaty Organisation Pipeline Committee
(NPC) adapted the NATO Single Fuel Policy (SPF) [1]. The aim of the Single Fuel Concept (SFC) was to
simplify the supply chain for petroleum products for all Hyaded military aircraft,idsetpowered vehicles, and
generators for the use by the army in the NATO nations. Using of a single fuel, nar8gll-3#) military jet
kerosene produced from the civil fuel JetlAallows to achieve maximum aircraft and ground equipment
interoperabity. This light distillate fuel consists of a mixture of complex hydrocarbons (HCs) suchG29&0
paraffins, 1620% aromatics, and 280% naphthenes [2]. Jet fuel also contains trace amounts of sulphur,
nitrogen, and oxygen containing hydrocarbon (HC) moumds, which arise from the raw crude oil, known as
hetero atoms [3]. The additives such as static dissipateiciagtiand lubricating additive 0.1 vol% with long
termaction corrosion inhibitors are used to improve quality eB J&el and satisfy redrements of the standard
ASTM-D 165513a [4]. Jet fuel often also includes antifreeze, antimicrobial agents, and corrosion inhibitors to
improve the performance of aeronautical engines, whose operate during flight at widely varying ambient
temperatures |5

The petroleum diesel standard ASTM D9&a specifies a minimum cetane number (CN) of 40 for fuels
D-2, as well as biodiesel standards prescribe a minimum of 47 for neat RME in ASTM-@#¥%hd a
minimum of 51 in European standard EN 14214 [6]. W viatiorturbine JP8 fuel has no minimum cetane
rating in standard ASTM D16583a because the ranking of turbine type fuels according to the cetane number
value was never used before. This is one of the problems to be solved for intended usBfuef iPa diesel
engine. Therefore, the engine test with the cetane number improving additives are important to shorten ignition
delay with JP8 fuel, improve cold starting properties, reduce smoke duringugtaaind exhaust emissions,
decrease the knoeig and noise, increase fuel economy, and improve overall durability of an engine [7].

Arkoudeas et al. [8] tested a singldinder diesel engine operating with neat8Jfiel blended with 10
vol% and 50 vol% of sunflower and olive oil to reduce envirortrpefiution. Researchers found that using of
both biefuels reduced PM emissions however the HC and CO emissions almost did not change due to the added
biodiesel. Nitric oxide NO and NCemissions decreased at low (10 vol%) additions, but thg dd@ssions
increased at high 50 vol% percentages of biodiesel in the fuel blend. Experiments with 3.8 kW PettABAV1
diesel engine showed that using of nea8 J&d to large wear scar diameter, however adding of animal fat derived
biodiesel, lubricity propertiesf which are excellent, improved situation [9]. The compatibility tests revealed that
biodiesel with short chain esters would be better alternative for mixing it with-Détidl rather than long chain
polyunsaturates [10]. To put more light on the sttbjihe research with aviation fuel-8Rreated with various
percentages of rapeseed biodiesel was performed to study combustion phenomenon, engine performance and
exhaust emissions [11].

The purpose of the researchwas to analyse and compare the effeft<CN improving additive 2
ethylhexyl nitrate and rapeseed biodiesel added to aviation tiypieelP8 fuel in various proportions (by
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volume) on the autoignition delay, combustion history, heat release characteristics, performance efficigncy, NO
CO, HC emissions, and smoke of the exhaust at the most common operating conditions.

Engine test facilities and research methodologylhe tests were conducted with a naturally aspirated,
four-stroke, fourcylinder diesel engine 243 with a swept volume of £7dnT and compression ratio of 16:1
produced at AMMZO in Belarus Republic. The irfjecti
CADs BTDC, which was the same for various loads, speeds, and fuel blends-gpéddghmultichannel AVL
indicatng system was used for recording, acquisition, and processing of fasaong@kgas pressure signals
taken from the first cylinder. The diagrams, which reflected over 100 engine cyclesvéraged itylinder
pressure versus crank angle and neagkede-valve lift history were in series recorded for everny’ CAD to
detect changes in ignition delay and net heat release rate. Emissions of NACN@O, and THC (ppm) were
measured with electrochemical cells installed into Testo 350 XL flue gas@nalhereas the exhaust smoke
was monitored with a Bosh RTT 110 opacity meter in a scale rangk08PR0.

The engine test resultsThe turbine type B fuel with widely differing chemical and physical properties
is almost exclusively extracted from theré&sene fraction of crude oil, which distillation points are between the
gasoline and the diesel fractions. The lower by nearly 16% spray tip penetration and a wideYdpyaybcne
angle of the JB fuel under the injection pressure of 30 MPa compaiittd the diesel fuel EN 590 fuel [12]
improve atomisation and contribute to a higher-aiemixing rate, resulting from shorter spray tip penetration
and a wider spray angle [13].

12 \ \
011 |n =1400 rpm|
0
mlo .--------!Llf _\\
) 00 —0= Go~, &
< 9 - ~ =
) $ AN
FR I .
o ° *— A
c 7 e,
c o
26
= —e—JP-8-04-24 —e—J5-J30 s DF
D5 ‘ ‘ ‘ ‘ ‘

41 43 45 47 49 51 53

Cetane number

Fig. 1. Dependencies of ignition delay on the cetane numb@&rfliel treated with CN improving
additive and RME for engine loads of bmep = 0.104, 0.376 and 0.752 MPa at speed of 1400 rpm

As Fig. 1 shows, the higher vapour pressure, faster evaporation andixing aha lighter JP8 fuel
with in-cylinder hot air charge did not contribute to sooner autoignition of tk&fael making delay even
longer as compared to normal diesel fuel (DF). This shows that ignition delay is more dominantly affected
by the low etane number of 3B fuel, rather than the superior vaporisation and faster mixing with in
cylinder compressed agharge. The difference in autoignition delay between DF arfdl fliels decreased
with the increase of load at low speed of 1400 rpm, whéréasreased with load at a higher speed of 2200
rpm. Adding of 2ethylhexyl in 0.04, 0.08, 0,12, 0.16, and 0.24 vol% proportions the CN rating improved
from 42.3 to 46.1 (J04), 47.6 (J08), 48.5 (J12), 49.4 (J16), and 49.8 (J24) enhancing the ignititiepiafp
JR8 fuel to adapt it for lanthased, diesgbowered transport. Adding the maximum 0.24 vol% of the cetane
improver to JPB fuel the ignition delay shortened by 13.5%, 12.8%, and 15.9% compared withal®,1
and 7.8 CADs measured for 15%, %) and 100% loads at speed of 1400 rpm. The greatest influenee of 2
ethylhexyl nitrate on the reactivity properties of&Ruel was found when using fuel blend J24 at full
(100%) load and speed of 2200 rpm.

Whereas the added RME, CN rating of which ishhégough (53.4), the cetane number of fuel blends
J5, J10, J20, and J30 increased from 42.3 to 42.9, 43.4, 44.5, and 45.6, respectively. RME not only improved
the cetane number of BPfuel, but it also increased volumetric fuel delivery per engine ¢tgadempensate
for the lower heating value of biodiesel that extended the end of injection. The stoichiométrit itio of
RME is 15% lower than that of #Pfuel and biodiesel needs less atmospherib@in oxygen, but it is less
volatile than jet fiel, as specified by the higher flash point of £#Z8 Small amount of CN improving agent
did not change physical properties and injection / atomisation characteristic8 éddlPwhereas the higher
density, viscosity, surface tension, C/H ratio, antbiguition temperature (~36%) of RME may reduce
evaporation of the blend and extend the end of combustion. Sensitive interaction between many influencing
factors resulted in the combustion of biodieseated fuels starting up to £.320), 1.4 (J10) and 0.8 (J5)
later in an engine cycle than the respective values 8f 7.8, and 6.9 CADs BTDC measured with neat jet
fuel at 15%, 50%, and 100% loads and speed of 1400 rpm (Fig. 1). Whereas, at a high 2200 rpm, the
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combustion started 0.8.C° earlier for the highest CN rating having blend J30 than those values®adrid6
4.4 CADs BTDC measured with neat jet fuel at 10% and 100% engine loads.

140 : 10

n = 2200 rpm

120

100 +

2]
o
|

HRR [J/deg]
(2]
(=]
|
In-cylinder pressure [MPa]

5
Crank Angle [deq]

Fig. 2. The heat release rate aneciylinder pressure versus CADs for diesel fuel, nes® aRd fuel
JR 8 treated with the cetane improving additive for full engine load and speed of 2200 rpm

Replacement of the normal diesel fuel with a lighteBXetardedhe start of injection (SOI) by 1°0
CADs compared with the initial value of 18 ADs BTDC of a straight diesel operating at full (100%) load
and speed of 2200 rpm. The later SOl and a longer ignition delay shifted the start of combustion (SOC)
towards DC that considerably increased maximum heat release (HR#ecause of the faster vaporization
and superior mixing rate of #Pfuel with the incylinder air and thus more fuel premixed for rapid burning
at nearly constant volume combustion. This in teeduced ircylinder pressure, and relocated the following
diffusion processes and the end of combustion towards a bigger cylinder volume in the expansion stroke.
The autoignition delay and first maximum of heat release rate decreased and moved closer to t
position traditionally occupied by the combustion of normal diesel fuel due to the addeygi®xyl nitrate
to the JP8 fuel. As Fig. 2shows, the decrease in autoignition delay and the transfer of.&dRMvards
constant volume combustion occurrecbabdirectly proportional to the amount of the cetane improving
agent added to J® fuel. Whereas, the diffusion combustion almost did not responecthythexyl nitrate
adding to JF8 fuel and the second maximum of heat release emerged at a#bOADs after TDC for all
fuels tested. Maximum heat release rate and its location with regard to TDC did not change greatly due to a
small 5 vol% RME addition to 3B fuel too. It decreased only when operating with fuel J10 and blends with
higher CN ratings. Marmum heat release rate in the diffusion combustion changed little when using
biodieseltreated JF8 fuel blends and the second maximum of heat release took place at #b@ADS
beyond TDC. The higher HRR« in the premixed combustion phase did not resula higher ircylinder
pressure as could be expected [14]. Therefore at 2200 rpm, a fully (100%) loaded engine operated smoother
and quieter with 38 fuel compared to a straight diesel. The added CN improving agent (J12) and biodiesel
(J5) increased mxamum in-cylinder pressure, but using of fuel blends (J24) and (J30) with the highest CN
ratings tended to reduce maximum heat release rate -aytirider pressure for both engine speeds.

Small amounts of 2thylhexyl nitrate added to BPdid not have meh effect on the brake specific fuel
consumption, whereas bsfc progressively increased with the increasing percentage of biodieBdLigi JP
because of a lower heating value of RME. The brake thermal efficiency was a bit (0.9%) lower when using
J12 fuelat full load and 1400 rpm, but it converted to be 1.3% higher at rated speed of 2200 rpm than those
values of 0.337 and 0.305 developed by the combustion of n@&fu#P When using biodieséleated JF8
fuel, the brake thermal efficiency was from 0.3661.8% lower than that developed with neat jet fuel.
However, it progressively 1.0%, 1.6%, 2.6%, and 3.6% increased for fuel blends J5, J10, J20, and J30
against the reference value of 0.304 developed when using neat jet fuel at 2200 rpm. This shthves how
fuel-bound oxygen is important for burning of very Asomogeneous the air and fuel mixture at limited real
time available to complete combustion at a high speed.

Replacement of diesel fuel with a lighter-8Ruel significantly reduced harmful engipellutants. As
can be seen in Figs. 3 and 4, the,d@issions and exhaust smoke (soot) were 11.6% and 31.0% lower than
the respective values of 1760 ppm and 68.0% of the normal diesel running at full load and a low speed of
1400 rpm. The added 0.12 vol%ethylhexyl nitrate the NOQemission increased by 5.1% compared with
neat JP8 fuel used at the same test conditions. Further increase of the cetane number to 49.4 (J16) and 49.8
(J24) tended to reduce production of N@/hereas maximum NGemission incresed by only 2.4% when
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running with biodiesel treated fuel J10 with a tendency to produce even lgsBadiOcombustion of a
higher J20 and J30 blends at the maximum torque speed of 1400 rpm.

- |
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a 1300 —
Z 1000 | n=2200 rpm |
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—e—JP-8-04-24 —=0=J5-J30 A DF
400 T T T T T
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Cetane number

Fig. 3. The effect of CN improving agent and RME added t@J&el on maximum
NOx emission for full engine load and speeds of 1400 and 2200 rpm
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Fig. 4. The effect of the cetane number on exhaust smoke for full engine load
at speeds of 1400 and 2200 rpm

The smoke opacity (soot) progressively8.7%, 13.4%, 20.5%, 28.4%nd 31.1% increasedwhen
running a fully (100%) loaded engine with CN treated fuels J04, J08, J12, J16, and J24 at speed of 1400 rpm
(Fig. 4). The exhaust smoke with CN treated fuels inegtas a high speed of 2200 rpm too. Similar smoke
behaviour was measured when using biodigeeited JFB fuel at both engine speeds. The higher was the
percentage of -2thyhexyl nitrate and RME added to jet fuel and thus the cetane number of the lidend, t
greater smoke opacity was produced at the same test conditions. Complicated interaction between the
autoignition delay period and proper mixing of the air and fuel vapours does not always improve combustion

and what ends up in the exhaust.
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Fig. 5. The effect of the cetane number on CO emissions for full engine load
at speeds of 1400 and 2200 rpm
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Fig. 6. The effect of the cetane number HC emissions for full engine load
at speeds of 1400 and 2200 rpm

As can be seen in Figs. 5 and 6, both &@ HC emissions increased to maximum values of 1148 ppm
(2.1 times) and 640 ppm (6.4 times) when running a fully (100%) loaded engine with J12 fuel at 1400 rpm with a
tendency to produce the CO and the HC emissions less from combustion of J16 ands J2#hfindher CN
ratings. The CO and the HC emissions increased even more intensively 2.2, 2.4, 3,6, 2.3 and 8.0, 12.2, 8.9, 7,1
times, respectively, when using biodiesel treated J5, J10, J20,-&fudPblends at the same test conditions.
This, probaby}, occurred because the biodiesel transition from the liquid phase to gas phase advanced slowly that
aggravated combustion and contributed to emergency of more unburpgeeucts in the exhausimilar HC
emissions behavior was registered at high spé@200 rpm however the CO emissions slightly reduced when
using J20 and J30 fuels with a higher CN ratings.

Conclusions Replacement of diesel fuel EN 590 with aviattarbine JP8 fuel resulted in a longer
autoignition delay, lower maximum-itylinder pressure and pressure gradient leading to overall smother engine
performance with less NOCO, HC emissions and smoke produced at the low speed of 1400 rpm. Using of 2
ethylhexyl nitrate for J8 fuel treatment proved itself as an effective measure tteshignition delay, relocate
the maximum heat release rate closer to constant volume combustion, inc@adiselén pressure, and engine
efficiency at slightly higher NQemissions. Small amounts cieghylhexhyl added to 3@ did not affect physical
properties of the fuel, whereas biodiesel increased density, viscosity, surface tension, initial/final boiling points,
autoignition temperature, fuekygen mass fraction of #blend. It was noted, if the autoignition delay is too
short, the premixed combtipon starts too early in an engine cycle that may convert teldstigg diffusion
combustion within a bigger cylinder volume with more HC and smoke (soot) produced by a fully loaded engine at
speed of 2200 rpm¥hereas, the NQemissions increased by1%6 with J12 fuel and 2.4% with J10 fuel blend
compared to operation with neat3Ruel at the maximum torque speed of 1400 rphe 5 vol% of RME added
to JR8 significantly improved lubricity properties of the fuel, brake thermal efficiency increasgéd-8y6%
when using biduels J5J30 at speed of 2200 rpm.
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Rybicka I., Dro Tdziel P.
Lublin University of Technology, Faculty of Mechanical Engineering

ANALYSIS OF SAFETY SYSTEMS DAMAGE IN PUBLIC TRANSPORT VEHICLES
ON THE EXAMPLE OF THE MUNICIPAL TRANSPORT COMPANY IN LUBLIN

The article presents the statistical analyzes associated with the repair of selected vehicle safety
systems of public transport vehicles. These include steering systems, brakes and suspension. The data
were obtained from the Municipal Transport Company in Lublin in the period of one year (2011r.). The
test vehicles were a group of public transport buses, such as: Neoplan N4020, Ikarus 280.26, Jelcz,
Solaris Urbino 12, Mercedes -Benz 0405N, Mercedes Benz 628 Conecto G i Mercedes Benz 628
Conecto 628 FL. The aim of this study was to determine how often the buses are subject to the above
mentioned systems failure.

Key words: bus, safety, communication

Introduction

Public transport plays an increasingly important role in the mobility of society, especially the developed
countries, as an effective remedy for the increasing rate of motorization, perpetually crowded streets of towns
and urban road networks. Regardec asad that has a significant impact on road safety and communication.
Key areas of integration activities in the development of road safety, public transport is: security management,
monitoring, educational activities and activities for the developmennfadstructure. One of the major
problems that affect today Poland is a very low level of road safety for other European countries [2].

This article presents the an analysis of failures safety systems rolling stock Municipal Transport
Company in Lublin. Te first part includes a comparison of the number of failures between 2010 and 2011.
In the studied group of vehicles in brake systems, steering and suspension. While the second part presents a
summary of systems security divided into investigated byshuse

Types of failures of safety systems
The detailed requirements specified in the regulations [3] rideten.in: braking system, tires, seats
and seat belts. Types of damage to safety systems have been selected from the group failures that occurred
in a period of one year in public transport vehicles. These systems are divided into three groups:
1. braking system, which is divided into:
drums brake pads, brake discs and brake;
main brake valve;
brake actuator bridge;
valve handbrake;
ABS
Thesteering system, which consists of:
steering column;
steering pump
longitudinal rod steering;
tip rod steering;
filter steering.
The suspension which includes:
shock absorbers;
bolt shock absorber bridge;
hanger stabilizer;
stabilizer bar [1].

Too oo oo Too () Too Too Too To Too NI To To Jo To I

Analysis of the number of failures of safety systems

We analyzed the number of failures safety systems on selected brands of buses between 2010 and 2011.
The study group of vehicles consists of: Ikarus 280 2fieces, Jelcz M121M12 pieces, Neoplan N4020
11 pieces, Solaris Urbino 1212 pieces, Mercedes Benz 628 Conecto ILE pieces and Mercedes Benz 628
Conecto G 5 pieces.
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In Figures 1 to 6 are graphs showing the number of failures attributable to the individual safety system
for the bus model.
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Fig. 1. Summary failures safety system bus lkarus 280.26 [1].
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Fig. 1. Summary failures safety system bus Jelcz M121 [1].
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Fig. 3. Summary failures safety system bus Neoplan N4020 [1].

CYYACH! TEXHOAOM B MAUWKWHOBYAYBAHH! TA TPAHCMNOPTI, 2016, 2Z(6)



© Rybicka I., Dro Tdziel P. 2016

m Braking system m Steering system m Suspension

250
200
150

100

Number of failures
(&3]
o

2010 2011
Year

Fig. 4. Summary failures safety system bus Solaris Urbino 12 [1].
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Fig. 5. Summary failures safety system bus Mercedes Benz 628 Conecto LF [1].
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Fig. 6. Summary failures safety system bus Mercedes Benz 628 Conecto G [1].

Compared failures safety system bus lkarus 280.26 (Fig. 1) can be seen that the number ohfailures
2010 is much lower than is the case in 2011. The greatest number of failures in both cases the braking system

CYUACH! TEXHOAOM B MAWMHOBYAYBAHHI TA TPAHCMOPTI, 2016, Z (6)
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(respectively 128 and 206). In steering the 2011 number of failure compared to 2010 increased by 43 failures,
while the suspension has increddy only 10. In the case of Jelcz M121M (Fig. 2) in the brake system is the
number of failures at the same level (2016 300, 2011- 302). The number of failures in the suspension

of relief doubled compared with 2010 but the situation is differerhé steering system where the number

of failures in 2011. Is smaller. In the brake system and steering system of the vehicle the brand Neoplan N4020
(Fig. 3) The number of failures increased during the year by 136 for the brake system and 32 failts in t
steering system, and in case of suspension of the number of failures is higher in 2011 at 54. Figure 4 in the
statement

of safety systems in the bus Solaris Urbino 12 the number of failures in the brake system and suspension is
much higher in comparisowith 2010 (an increase of 155 malfunctions in the brake system and 67 suspended).
The steering in 2011, failure of the system is minimal (4 breakdowns). Failure safety system buses Mercedes
Benz 628 Conecto LF and Mercedes Benz 628 Conecto G (Fig. 6) asdcompared to 2010 deteriorated
significantly, where the brake increase was about 137 and 108 failures in the steering of 4 and 23 failures and
the suspension of 38 and 35 failures.

Analysis of safety systems

Analyzed the failure of safety systentisat took place in 2011 in the public transport buses in Lublin.
The test group of vehicles is: 280.26 lkarus, Jelcz M121M, Neoplan N4020, Solaris Urbino 12 Mercedes Benz
628 Conecto LF and Mercedes Benz 628 Conecto G.The engine test results.
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Fig. 7.Summary safety system bus Ikarus 280.26 [1]
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Fig. 8. Summary safety system bus Jelcz M121M [1]
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Fig. 9. Summary safety system bus Neoplan N4020 [1]
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Fig. 10. Summary safety system bus Solaris Urbino 12 [1]
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Fig. 11.Summary safety system bus Mercedes Benz 628 Conecto LF [1]
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Fig. 12. Summary safety system bus Mercedes Benz 628 Conecto G [1]

Compared safety systems can observe the course of the failure models of buses operated in MPK
in Lublin. In the case (fig.)7Ikarus 280.26 failures are practically throughout the study period in all three
systems.The greatest number of failures has demonstrated the brake system while the smallest numbe
occurred in the suspension of decrease in failures during the holiday s8asnmary table (Fig. 8 and 9)
safety systems Jelcz M121M and Neoplan N4020 shows the failure rate within one year. You may notice
that the course of failure in both cases is similar, where growth failures occurs in winter periods while a
slight decreasdérom June to November. Faults in the steering (fig. 10, 11) in buses Solaris Urbino 12,
Mercedes Benz 628 Conecto LF is very low. The Solaris Urbino 12 failure of the aforementioned system is
minimal where during the year were literally 4 crashes affaildres in the month of March, May, August
and September. A similar process occurs in a Mercedes Benz 628 Conecto LF where after two failures
occurred and the beginning of the year (Janudarch) and at the end of the year (OctobBlovember),
while in the summer months, there were no failures. In Figure 12 the brake system showed the highest
number of failures in the autumn months. The steering and suspension in this model bus failures are rare.

Conclusions

The article presents an analysis of failures safety systems in transport commuters. In the analysis,
braking, steering and suspension fleet of vehicles used by the Municipal Transport Company in Lublin. The
analysis shows that most failures occurs in ttaké system of the vehicles the study.It should be noted that
during one year of operation of city buses the number of failures increased significantly with compared to
2010 but in some cases the level of failures was comparable as well happen thatkiée afuailures in
2011 was lower (eg. Steering). In the analysis of the results statement of safety systems, in the case of buse
Ikarus 280.26, Jelcz M121M and Neoplan N4020 failures have occurred over the whole period of time.
While failures in other veicles (Solaris Urbino and Mercedes Benz Conecto 628), the youngest of the
research group can be distinguished months with negligible as well as emergency work without these buses.
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AN ANALYSIS OF TRANSPORTATION TIMES AND THE LOADING OF THE
SELECTED LI NE OF URBAN COMMUNI CATI ON | N

As part of this article, on the basis of data
has been decided to analyze the transportatioes and the loading of the OB transportation line in particular h
and days of the week of the selected period of time.

Keywords: public transportiravel timestransport linebus stop.

Introduction . Travelling is an integral part of the da#ytivities of people in order to perform certain
activities. The city is a specific area, often characterized by-degisity housing with heavy transport needs
reported by its users. For most of these requirements, it is necessary to meet the traedgoandan the
case of a passenger transport such an operation should be determine as the concept of transportation needs
[3]. The continuous development of urban areas causes urban sprawl and an increase in the number of its
users, and subsequently arcrease in the intensity of different needs. The city transportation system is a
kind of "circulatory system". It allows the daily functioning of the city, the movement of people, goods or
information exchange. Improperly functioning communication systauses a number of difficulties and
delays in meeting the needs and performance of its duties. Therefore, it is essential to supervise traffic
constantly for the optimal management of the areas which show the need to repair or improve the currently
prevailing urban logistics solutions.

As part of this article, on the basis of data obtained from the test on public transport functioning in
Rzesz  w, it has been decided to analyze the trans|
in particula hours and days of the week of the selected period of time.

Publ i c tr ansRuzoerstz -iwn iRz etshze- w-easteq @dand, wath an greaiofll16t3%h e s «
km?, with a population of 184,106 inhabitants [4, 5]. The city is the capital of the Podkarpackie Province and the
major economic, commercial, industrial, cultural and academiccenter. The city is situated at the crossroads of
important traffic routes, close the borders with Slovakia and Ukraine. Rzeszow has a clearly shaped zone of
downtown development, witha radially and coaxial system, and the visibly distinct industrial and residential
districts. The city is divided into 29 settlements, the most popoloeiss NoweMiaste 14 962 inhabitants, while
the |l east peopl e -I8i6vie [i4n Milgo Tihre Ppetptull ameé mtn densi t
Poland, among the large cities. In the city there are a lot of recreational and greenhardafsbdnk part of
Rzesz-w has a more compact buildings, which are mai

I n December 2014 Rzesz-w public transport was ¢
3 night lines. The line 0B, analyzed in the paper, as one @ixHeelongs to the priority line, whose service
frequency at peak times is-1® minutes. Additionally,in the system of public transport one can extract the
basic lines which run every 28 minutes and complementary ones. Rzeszow public transport is
charaterized by two peaksin the morning from 6:30 8:30 and in the afternoon from 14:006:00. The
entities responsible for organizing public transport and service delivery are presented in table 1.

Tab. 1.Tasks of the selected entities in the pubtimsport market of the City of Rzeszow.

Entity Tasks
Public Transport Auth Organization of public transport
MPKTRzesz-w Sp. z o0.0. ( Providing services in public transport

In the area of the city theommunication lines of other carriers run as well. However, they focus
solely on getting passengers to Rzesz-w and it c a
needs of transport in the city.

Characterisctic of the tested lifEhe concernethe line is one of the most important public transport

lines in Rzesz- - w. Its course is shown in figure 1
center of the city. Its beginning and end are located adjacent to the main railway Alatigrits route there
are the main shopping centers of Rzesz:  w, t wo uni

industrial plant. On the route of the line there are 19 bus stops. The list of the bus stops is shown in table 2.
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Fig. 1.Thecourse of the OB line in the city along with the bus stops located within its route

Tab. 2.The list of bus stops with numbers assigned to their names.

No. of the bus No. of the bus

Bus stop name Bus stop name
stop stop
4B Pl . Kil i Eski 24A Powst.Warszawy Shell 03
2C PIl. WolnoSc 26A Powst. Warszawy Church 01
84A Rejtana Merkury Market 01 14A DNbrowskiegoThe |
144A Rejtana/Kustronia 03 12A DNbrowskiego P
82A Rejtana Uniwersity 05 10A DNbr ows ki e gHousdfOi e
80A Rejtana Millenium Hall 07 8B Lisa- Kuli Roundabout 02
78A Rejtana Nowe Miasto 09 6B Ciepli E&kieg
60A Powst. Warszawy Tesco 13 4C Pi gsudskiego Voi
58A Powst. Warszawy Nowe Miasto 1 2B The Main Railway Station 04
56A Powst.. War s za

Dormitory 09

The considered line is characterized by a unidirectional traffic. The opposite direction is supported by
the OA line. Both lines are serviced mostly by modernawie lowfloor buses.

Findings analysisin thefirst instance, on the basis of the available data the total number of people
getting on and off at the bus stop and the number of passengers carried between stops have been set. Tt
results of these operations are shown in the graphs in figures 2 and 3.

The courses presented in figures 2 and 3 relate to a single selected course. For more information on the
distribution of the stream of passengers throughout the day, the calculations have been performed for all
courses and then they have been merged favithdhl days. In figures 4 and 5 the graphs showing the
number of passengers transported in individual courses have been presented. The data in figures apply onl
to regular courses, i.e. those which are implemented by a bus from the morning until thg. edenfigures
do not include additional courses carried out during peak hours in the morning and in the afternoon.

In the second stage of the research it was decided to analyze the travel times throughout the whole
course of the same line. For the mesh 10 satellite receivers with integrated GSM module, which send data
to the main server [1, 2] were used. The data on the parameters of a single vehicle movement were recordec
in text files for each working day. The worked data from the period of M2@etApril 16, 2014 have been
presented in figure 6. For the data processing the program written in Matlab has been applied. The points
visible in the figures represent individual travel times throughout the route of a length of 9.2 km.

For comparison ofqgurneys times carried out during working days and weekends the appropriate
polynomial approximation was conducted. The degree of the polynomial was selected as a result of repeated
attempts. The primary criterion in the selection was to achieve the besirve. The resulting lines are
soothing and omit points which significantly deviate from the course due to random cases. The courses
comparing travel times on weekdays are shown in figure 7.




k, M. Dobrza ®Bka, P. Dobrza G&ki 2016

Smiesze

© M.

d¢-ov

- 499

g9 - 48

98- dot

€0T - 9¢T

gzt - vl

arl - voL

V9T - Vit

Ve - vIs

VoS - ¥8S

V86§ - W09

V09 - V8L

V8L - V08

V08 - VI8

VI8 -Vl

the t VB €

peopl e-busnt d hed bausurn e t dfe

of

number

Fig.2.T he

starting at 13:49 on 18.11.2014

m The total no. of passengers getting on and off

25

4B 2C 84A144A82A 80A 78A 60A 58A 56A 24A 26A 14B 12B 10B 8B 6B 4C 2B

Fig. 3.The comparison of the number of people getting on and off for the OB line for the course starting at

158

157

78

74

60

102
92

120

61

87

95

85

76

56

g1

a2

108

139

134

73

117

1
+H

9699

153

37

1

105

1

13:49 on 18.11.2014

104
79

88

72

104

70

77

54°°

71

95
83

Q.
82

25

180

160

140

120
100

80

60
40
20

Te.et
5581
EFI8T
ST:8T
TO:8T
SEUT
61T
95:91
EF:9T
221
E1:9T
€551
ST
£2:5T
£0:5T
95k T
PEIWPT
vt
02:rT
OPET
BEET
0Z:ET
TOET
oF:ZT
0Z:ZT
B6SITT
or:1T
02:11
B0:TT
95:01
9€:0T
0€:0T
ET:0T
85:60
860
E€:60
81:60
00:60
Zt:80
0£:80
6¥:£0
B8e:0
¥0:L0
05:80

Fig. 4. The number of passengers carriedl8rl11.2014 by the OB line
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Fig. 6. Travel times across the whole route of the OB line in each days of the week

In case of weekdays the most of the travel time is in the range betwed® 3dinutes. There are two
peaks. The first one is between 7:00 and 8:30. In this range, the average travel time reaches the value of 3!
minutes, and rarely exceeds 40 minutes. 3émond peak is between 14:00 and 16:00. Here, depending on
the day of the week, the averagetravel times range from 37 to 44 minutes. The maximum travel times reach
the value of 55 minutes. This applies especially to Thursdays and Fridays. In these diafsoaon
Mondays the travel times at the afternoonpeaks are greater by about 5 niihetesurses of travel times
for weekends are shown in figure 8.

Saturday and Sunday are characterized by smaller differences. Most of the travel time is in the range
of 25 - 33 minutes. The maximum travel time values different for the working days are between 12 and 2
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p.m. But there is no significant deviations. Assuming that during the working days the travel time
amounting to 25 minutesgaamndnd 606olbedlocikni nh-¢ hev enn
the basic the bus can achieve for the set route, then in the morning peak time there is an the increase of 40%,
and in the afternoon of 80%. In absolute terms it accounts for 10 and 20 minutes. Daisiregkends these
differences are much smaller and do not exceed 30% assuming the travel time of 23 minutes on Saturday.
Sunday morning is characterized by even lower average travel time in the morning. Here, the time is almost

20 minutes. With a route letigof 9,2 km it gives the average speed of about 27 km /h.
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Fig. 7. The omparison of travel times during
working days of the week

Fig. 8. The omparisonof travel times during
weekends

Conclusions.The study framework, where an analysis of more courses was done, allows to draw from
two groups of proposals on the number of passengers. The first relates to the loading of individual courses.
Maximum passengers loading does not coincide with the peak bbtravel times. Between courses there is
considerable nonniformity in the passengers loading. The observed-umiformity may have three
reasons. The first is the overlap of the lines following the same section of the route. The second reason may
bethe result of significant delays resulting from the random cases and traffic. In the last part of the research
regarding the number of passengers it should be considered if a constant supply of travel capacity is properly
correlated with the changing needis the case of the second group of proposals concerning the loading of
individual bus stops, one should consider the introduction of changes to skip the bus stops which are not
popular and to establish in this place the stops on demand. This issuegdgtther research, where one
should also check the other lines exercising their routes on common parts with the OB line.

Rzeszow as other cities of similar population records the declines of passenger transport by public
transport. One of the main reasois an increase in the number of vehicles and the degree of saturation of
these vehicles. The increase in the number of vehicles and the degree of saturation is the effect of the
deterioration of traffic conditions at selected times of the day. Tramektin the peak hours increase from
40 to 80%. This is particularly evident in figure 7 which compares travel times on working days of the week.
This situation is a significant nuisance for the residents of the city. Separation of the respective lanes and
preference of public transport will allow an increase in average speed and the reduction of the travel time of
buses. Having a choice between being stuck in a traffic jam in a car or travelling faster by means of public
transport, a significant number oégple will surely return to the latter option. Another factor which induces
people to use public transport is an increase of comfort during the travel. New means of transport purchased
in recent years, have air conditioning, wide doors and low floor.
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