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Abstract. Generate mechanical power with low cost and less emissions is great challenge for mechanical engineers
overall the world in our contemporary time. Mechanical power is the main reason for excessive fuel consumption and
increased CO, emissions problems as compensation from the overlay of air conditioning systems. Therefore, this arti-
cle presents various methods to overcome the problem. Ways to find new different resources for the mechanical ener-
gy reduce fuel consumption and reduce CO, emissions are achieved through the application of VCC and an absorption
system. This study also deals with Alternative control methods for air conditioning systems such as electric compres-

sors and shows power consumption as a function of speed of a conventional compressor and an electric compressor.
As a result, it turned out that the electric compressor consumes less power compared to a conventional compressor by
up to 18%. This is because there is less load on the car coming from the compressor and energy efficiency is improved.
Increasing the internal heat load will increase the fuel supply to both systems.

Keywords: mechanical power, undesirable mechanical loads, renewable energy, mechanical compressor, global

warming.

Introduction

The belt driven compressor is a mechanical type
compressor, which is the concept of a traditional car
air conditioning system. The compressor is connected
to the crankshaft of the engine by a belt system. The
compressor runs on the power of the engine. There-
fore, the engine subjected to work load due to the use
of this type of compressor in an A/C system [1-4].

The same authors in their works express the fol-
lowing idea:

This may reduce engine performance. In order
to overcome such a problem, replacing the power
supply for the AC system with an electrically driven
drive will greatly improve the reduction of fuel con-
sumption as well as increase the performance of the
engine [1-4].

More recently, scientists at the National Renew-
able Energy Laboratory (NREL) in the United States
were able to figure out that the United States could
save over $6 billion a year if all light vehicles in the
country reached a modest speed of 0.4 km/L (1-mpg)
improved fuel economy [2]. A study done Johnson,
V.H. also showed that the US uses 27 billion liters of
gasoline for air conditioning annually, equivalent to
6% of domestic 0il consumption or 10% of US import-
ed crude oil.

Thus, this article is an overview of an alternative

way to reduce fuel consumption in order to operate
the air conditioning system and reduce the tempera-
ture inside the car when the car is parked in direct
sunlight.

The Methods

There are serious effect of A/C system on the eco-
system, because of the amount of fuel burned during
the operation, some new way that use high technol-
ogies are used to reduce this effect are represented
in this research to compare the best way. This article
uses general scientific methods such as analysis and
synthesis, comparative, descriptive methods.

Influence of the air conditioning system on fuel
economy in a car with a gasoline engine.

The air conditioning system is the biggest addi-
tional load on a car. This means that the air condition-
ing system is a key component among all accessories
that reduces fuel economy. Therefore, it is important
to check the main parameters of the air conditioning
system components that affect fuel consumption. The
effect of each component of the air conditioning sys-
tem on the fuel consumption of a vehicle with a con-
ventional gasoline engine running at different engine
speeds. The air conditioning mode has been found to
increase fuel consumption by up to 90% compared to
running without air conditioning at idle. As the vehi-



cle speed increased, the proportion of fuel consumed
by the air conditioning compressor increased while
the proportion of fuel consumed by the alternator de-
creased. Other components, such as the supercharg-
er, cooling fan, and clutch, maintained near-constant
portions of torque distribution from the alternator
regardless of vehicle speed.

The impact of the air conditioning system on
fuel consumption has had two main effects.

The first is related to the indirect greenhouse ef-
fect due to increased fuel consumption. The second
reason has to do with user and market focus on fuel
economy as mentioned Benouali, J., et al. (2003) and
another research by Vishweshwara, Sudhir Chitra-
pady, J. Marhoon, and A.L. Dhali. (2013).

Reducing the heat load of a car's interior is essen-
tial for improving the fuel efficiency of a car [5].

Between 1995 and 1998, CENERG and ADEME
conducted two series of tests to determine excessive
fuel consumption due to air conditioning. Gasoline,
non-turbocharged diesel engines and turbocharged
diesel engines were tested. The tests were carried
out at the facilities of the Joint Testing and Assembly
Center (UTAC) according to the MVEG cycle for two
ambient temperatures: 30°C and 40°C. The results of
the study are presented in table 1 found by Benouali,
J., et al. (2003).
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Meanwhile, the National Renewable Energy
Laboratory (NREL) [6] reported that, excessive fuel
consumption due to air conditioning systems has
reached 35%. Benouali, ]., et al. (2003).

Conducted a series of tests to study the fuel con-
sumption of various types of vehicles and weather
conditions. Two series of tests, carried out in a cli-
mate chamber and on a test bench, showed that, the
excess fuel consumption due to the operation of the
air conditioner is from 1.0 to 2.45 1/ 100 km (21 to
53%) on the European MVEG cycle. That result found
depending on study by Alkan, Alpaslan and Murat
Hosoz (2010), and Wang M, Zima MJ, Kadle PS (2009).

Researchers have developed various methods to
reduce excessive fuel consumption due to air condi-
tioning. One of them made using a variable displace-
ment compressor (VCC) that used Wang M, Zima MJ,
Kadle PS. (2009).

Depending on Kaustubh Shete (2015), VCC pro-
duces a higher COP (coefficient of performance) than
a fixed capacity compressor (FCC) in a high-speed
compressor. Although the VCC performance of the
low speed compressor is slightly worse than that of
the FCC by Alkan, Alpaslan. VCC characteristics re-
lated to fuel consumption and CO, emissions have
studied [7]. For the air-controlled VCC, compressor
cycling provides a consistent reheat reduction that
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Figure 1 — Car thermal balance [6]

Relative excessive fuel consumption (%) for various vehicles, measured by CENERG and ADEME

Vehicle type Gasoline engine Diesel engine Turbo-diesel engine
Cycle 30°C 40°C 30°C 40°C 30°C 40°C
Urban 31% 38% 26% 28% 40% 42%
Outside the urban environment 16% 20% 12% 15% 28% 33%




B Tpyabl yHuBepcuteTta N23 (92) - 2023

saves 9 liters of gasoline per year and reduces CO,
emissions by up to 1.0 g/km. For an electronically
controlled variable compressor, selective cycling al-
lows the compressor to be switched off for an extend-
ed period, resulting in an additional savings of 3.5
liters per year and a reduction in CO, emissions of
0.4 g/km. The design of the pneumatic VKK shown
in figure (2).

Discussion

Overall efficiency of the air conditioning system

The overall efficiency of the air conditioning sys-
tem is affected by:

a. Type of compressor used. The electrically driv-
en compressor used in high-end vehicles is more effi-
cient than its mechanical counterparts.

b. Type of evaporator used — Tube type evapora-
tors have the highest efficiency.

c. Type of condenser used — Evaporative condens-
ers are more efficient than other types of condensers.

d. The type of coolant used — a coolant that has
a higher critical temperature, pressure, thermal con-
ductivity and latent heat of vaporization will result
in less stress on the engine. Almost all vehicles today
use R134a refrigerant.

e. Vehicle speed. The efficiency of air condition-
ing also decreases significantly with increasing vehi-
cle speed, especially in mechanically driven compres-
sors according to Kaustubh Shete (2015).

Conditions in the cabin

Internal conditions also play an important role in
determining the additional load on the vehicle's en-
gine. Example: — A higher peak temperature in the
cab will put more stress on the engine.
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Figure 2 — Pneumatic variable displacement
compressor

Interior conditions are also affected by latent heat
generation and sensible heat generation from various
heat sources both inside and outside the vehicle. The
auxiliary load is also affected by the number of pas-
sengers in the cabin by increasing the number of pas-
sengers in the cabin. In addition, the performance of
an HVAC system is affected by many determinants of
cab thermal comfort, such as angle of sunlight, glass/
glazing properties, ambient heat radiation, and air
velocity. Finally, changes in thermal loads on passen-
gers in terms of: thermal sensations, clothing, number
of passengers, metabolic rate reduce the reliability of
the system. Thus, automotive climate control systems
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Figure 3 — Diagram of relative humidity (RH) / temperature (T) depending on the comfort zone by Kaustubh Shete

(2015)
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suffer from previous clear problems as mentioned by | a COP value of 0.4 to 0.45. Another study of the ab-

Kaustubh Shete (2015). sorption system is also underway rely on Shrotri, A.
Alternative Control Methods for Air Condition- | (2015).
ing Systems The basic diagram of an A/C absorption system

Based on the study done by Guyonvarch, | shownin figure 4. Recently, an absorption system has
Gwénaél, et al. (2001). Most automotive air condi- | also developed on a ternary liquid [10, 12].

tioning systems operate on a vapor compression cy- Vasta, Salvatore, et al. (2012), with a water-cooled
cle. However, the requirements for engine efficiency | system that uses a cooling liquid circuit as a pow-
have developed in the absorption system [8]. er source (Figure 5), presented another absorption

Use of thermal energy of exhaust gases to pow- | air-conditioning system. Testing is carried out by
er absorption air conditioning systems in passenger | installing an adsorption chiller on the cab of a truck
cars. This work was used, although it produced only | to confirm the performance of the prototype. This
a small efficiency, 0.8 to 0.9. The A/C absorption sys- | system is capable of producing 9°C air that passes
tem has also studied [9, 11]. The system is capable | through the evaporator, with an expected cooling ef-
of producing a cooling effect from 1 to 1.2 kW with | fect of up to 2kW.
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Figure 4 — Basic layout of the absorption air conditioning system build on Shrotri, A. (2015) research

Figure 5 — a, b. Adsorption air conditioning system mounted on the cab of an IVECO Stralis truck by Vasta,
Salvatore, et al. (2015)
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A new method of controlling the A/C compres-
sor to reduce the load on the engine has implemented
using turbocharging (Figure 6). According to Kumar,
S., et al. (2014) the kinetic energy and pressure of the
exhaust gases are used to rotate the blades of the tur-
boprop and then to rotate the air conditioning com-
pressor using a magnetic transmission. The main ad-
vantage of this method is that it can be easily applied
to low power motors and provide high power. This
method allows better use of exhaust gases and lower
fuel consumption.

Recently mentioned by Setiyo, Muji, and et al.
(2016), that the potential cooling effect of LPG-fuelled
vehicles to cool the vehicle interior has studied. Nu-
merical simulations have been performed to calculate
the potential heat absorption of an LPG evaporator.
The cooling effect potential that can be obtained from
a 2000 cc engine. See, rated at over 1 kW at 3000 rpm.
However, the results of this simulation have not been
carried out along with experimental studies to deter-
mine the actual cooling capacity that can be collected.

Conventional = compressor and  electric
compressor

Figures 7 (a) and (b) show the fuel consumption
versus vehicle speed of a conventional compressor
and an electric compressor. An electric compressor
consumes up to 18% less fuel compared to a conven-
tional compressor. This is due to the fact that there
is less load on the car coming from the compressor
and energy efficiency is improved. Increasing the in-
ternal heat load will increase the fuel supply to both
systems.

The experiment showed that the percentage of
fuel consumption reduction of an electrically driven
compressor in relation to a belt driven compressor is
from 5 to 14% [12, 13].

Conclusion
Several automotive air conditioning technologies
have developed to reduce fuel consumption and CO,
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Figure 6 — Turbo A/C concept eliminating the use of

belts and pulleys according to Kumar, S., et al. (2014)

emissions.

The use of a variable displacement compressor
shown has positive effects. An interesting idea is to
use the kinetic energy of the exhaust gases to drive a
compressor on a turbo air conditioning system. Other
technologies are an alternative system to replace the
existing vapor compression system. One of which is
absorption air conditioning systems that use the ther-
mal energy of exhaust gases, despite the low efficien-
cy. Meanwhile, extreme interior temperatures when
the car is parked in direct sunlight have become a se-
rious problem. The use of portable automotive cool-
ing systems and fans can increase comfort and reduce
the risk of damage to vehicle interior components. In
conclusion, a lower start temperature will shorten
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Figure 7 — Fuel consumption depending on vehicle speed; (a) 100 W internal heat load and (b) 400 W internal

heat load




the stretch time, so comfort temperature is reached
quickly.

Studies also show that the performance of an
electrically driven compressor is about 15% to 54%
higher than that of a belt driven compressor. The ex-
periment showed that the percentage of reduction in
fuel consumption of an electrically driven compres-
sor in relation to a compressor with a belt drive is
from 5 to 14%.

As aresult, the use of a DC compressor has a high
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probability of reducing the load on the engine system
and will lead to a higher coefficient of performance
and lower fuel consumption. This can help in fuel
economy of the car.

These methods contribute to the reduction of
emissions and fuel consumption, however, only in
small quantities. Thus, reducing the load of car air
conditioning on the engine is clearly the need of the
hour, making tomorrow's cars more fuel efficient
while maintaining passenger comfort.
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AHOamna. ToemeH KYHMeH #3He a3 WbIFapbIHObIAApPMeEH MEeXaHUKAsbIK Kyammbl eHOipy 6i30iH Kazipei yakbimma 6yKin
anemoezi UHHeHep-MmexaHUKmepeae ysaxkeH miHoem 60761 mabelnadsbl. MexaHUKAAbIK Kyam omelHHbIH WAMao0aH mbic
MymobIHbIAYbIHbIH HAHE ayaHbl KOHOUYUOHepney xylienepiHiH kabammacybiHaH 6onameliH ememakel pemiHoe CO,
WbIFapbIHObLIAAPbLIHLIH HOFAPLIAAYbLIHbIH Hezizei cebebi 60sbim Mabbinadsl. COHObIKMAH, 6ya MaKanada macesneHi
wewydin apmypni adicmepi ycbIHbIAFAH. MexaHUKAbIK dHepaUSsHbIH XaHa apmypsai pecypcmapsiH maby »#onoapol
OMbIH WbIFbIHbIH a3alimaodsbl #aHe CO, wbiFapbiHObLAAPbLIH a3alimadsi, VCC waHe CiHipy y#cylieciH KondaHy apKbisabl KOs
Hemekizinedi. byn 3epmmey coHbIMeH Kamap 31eKmp KOMIpeccopaapsl cusKkmeol ayaHel 6anmay xcylienepiH 6acKapy- [ 35 |
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O0blH basama adicmepiH Kapacmelpaods! #aHe Ka0iMai KOMMpPeccop mMeH 371eKmp KOMIIPeccopbiHbIH H#blA0AMObIFbIHbIH
hyHKUUACLI pemiHOe Kyam mymbiHyObl Kepcemeoi. HamuceciHOe anekmp KomMnpeccopsl KadiMai KOMIpeccopmeH ca-
AvicmelpraHda 18%-ra deliiH a3 Kyam mymsiHamolHbl 6eneini 60710bi. Cebebi KoMnPeccopOaH KenemiH KosiKKe HyK-
meme a3 6071006l HaHe 3Hepausa muimoiniei apmaosl. [WKi Hbiay HykmemeciH apmmeolpy eKi xcyliece 0e omoiH bepyodi
apmmebipadsil.

Kinm ce30ep: MeXaHUKAsbIK Kyam, Kaaaycbl3 MEeXaHUKAsbIK HYKmemenep, HaHapmolaamelH 3Hepaus, MexaHUKasbiK
KOMIpeccop, fanamobIK Hblaybl.
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AHHOmMayus. leHepayusa MexaHu4ecKol aHepauu ¢ HUSKUMU 3ampamamu U MeHbWUMU 8bI6pOCaMU A8/18emcs cepbes-
Hol 3ada4eli 015 UH¥EHepOo8-MexaHUKO8 80 8CeEM MUpe 8 Hawe cospemeHHoe spemsa. MexaHu4yeckas MouHocCmeo A8-
a17emca ocHo8Holl NpuYuHol YpeamepHo20 pacxoda mornausa u rnpobsaem ¢ nogelweHHoIM 8bibpocom CO, 8 Kayecmeae
KoMMeHcayuu om HAan0XeHUsA cucmem KOHOUYUOHUPOBAHUA 8030yxa. B cmamee npedcmasneHsl passnudHsie criocobbl
npeodoneHus npobsaemsl. [Tlymu nMoucka HOBbIX pecypcos 075 MexaHu4yecKol sHepauu, CHUXeHUA pacxodd monausa
u cokpauwjeHus sbibpocos CO, docmuzaromcs 3a cyem npumeHeHua VCC u abcopbyuoHHoU cucmemeol. Takxice paccma-
mpusaromcs anbmepHAmMuUeHble Memoodbl yrnpasaeHus cucmemamu KOHOUYUOHUPOBAHUSA 8030yXd, MAKUMU KAK 3/1eK-
mpuyecKue KOMIPeccopsl, U MOKa3aHo nompebreHue 3Hepauu 8 3a8UCUMOCMU OM CKOPOCMU 06bIYHO20 KOMrpeccopa
U 3/1eKmpu4ecKko20 KoMrpeccopa. B pesynbmame oKa3aa0cb, Ymo snekmpuyeckuli Komnpeccop nompebasem meHowe
3Hepa2uu Mo cpasHeHUr ¢ 06bIYHbIM Komnpeccopom 00 18%. Imo c8A3aHO ¢ MmeHbuwell Haepy3Kol Ha asmomobusas om
Komnpeccopa u rnossiweHuem sHep2o3ghekmusHocmu. YsenuyeHue sHympeHHel mernsao8ol Ha2py3KU yseauyum ro-
dayy monausa 8 obe cucmemoi.

Knrouesole cnosa: mexaHU4YeCcKaa MOUHOCMb, HeXenamessbHble MexaHuU4eckue Haz2py3Ku, 80306HO819eMas JHepeusA,
mexaHu4vecKull KomMripeccop, 2nobasnbHoe nomernseHue.

REFERENCES

1. Farrington R, Rugh J, Impact of vehicle air-conditioning on fuel economy, tailpipe emissions, and electric vehicle range. Earth
technologies forum; 2000.

2. Kim S., Lee G., Lee J., Hong J. Prostoj proektnyj podhod dlja uluchshenija harakteristik vnutrennih sinhronnyh dvigatelej s
postojannymi magnitami dlja jelektricheskih sistem kondicionirovanija vozduha v GleM. Mezhdunarodnyj zhurnal avtomobil'nyh
tehnologij [A simple design approach to improve the performance of internal permanent magnet synchronous motors for electric
air conditioning systems in HEVs. International Journal of Automotive Technology]. —2010. - T. 11. — No. 2. — Pp. 277-282.

3. Makino M., Ogawa N., Abe Y., Fujiwara Y. Kompressor avtomobil'nogo kondicionera s jelektricheskim privodom: Tehnicheskij
dokument SAE [Automotive air conditioner compressor with electric drive]. Technical Paper, 2003.

4. Kaynakli O., Horuz I. Jeksperimental'nyj analiz avtomobil'noj sistemy kondicionirovanija vozduha [International communications
in heat and mass transfer] 2003.

5. Huang, K.D., Tzeng, S.-C., Ma W.-P., Wu M.-F. (2005). Intellektual'naja sistema avtomobil'noj ventiljacii na solnechnyh batarejah.
Prikladnaja jenergetika [Intelligent solar-powered automobile-ventilation system. Applied Energy]. — 2005. — T. 80. — No. 2. — Pp.
141-154.

6. Fayazbakhsh M.A., Bahrami M. Comprehensive modeling of vehicle air conditioning loads using heat balance method // SAE
technical paper. —2013. - T. 2013. — P. 1507.

7. Zima, M., Wang M., Kadle P.,, Bona J. Povyshenie toplivnoj jeffektivnosti mobil'nyh sistem kondicionirovanija vozduha s
kompressorami peremennogo rabochego ob#ema: Tehnicheskij dokument SAE [Improving the Fuel Efficiency of Mobile A/C
Systems with Variable Displacement Compressors. SAE Technical Paper]. — 2014.

8. Vicatos, G., Grizagoridis, J., Wang, S. Sistema kondicionirovanija vozduha avtomobilja, osnovannaja na absorbcionnom holodil'nom
cikle s ispol'zovaniem jenergii vyhlopnyh gazov dvigatelja vnutrennego sgoranija. Zhurnal jenergetiki Juzhnoj Afriki [A Car Air-
Conditioning System Based on an Absorption Refrigeration Cycle Using Energy from Exhaust Gas ofan Internal Combustion Engine.
Journal of Energy in Southern Africa]. —2008. —T. 19. — No. 4. — Pp. 6-11.

9. Tiwari, H., Parishwad G.V. Adsorbcionnaja holodil'naja ustanovka dlja ohlazhdenija kabiny gruzovyh avtomobilej // Mezhdunarodnyj
zhurnal novyh tehnologiji peredovogo mashinostroenija [Adsorption Refrigeration System for Cabin Cooling of Trucks. International
Journal of Emerging Technology and Advanced Engineering]. —2012. —T. 2. — No. 10. — Pp. 337-342.



10.

11.

12.

13.

Pasgen «MawwuHocTpoeHune. MeTtannyprusy» Bl

Krishnadasan, V.B., Mohammed Sajid, N.K., Shafi, K.A. Performance Analiz proizvoditel'nosti trojnoj sistemy absorbcii parov
zhidkosti s ispol'zovaniem vyhlopnyh gazov dvigatelja. Mezhdunarodnyj zhurnal peredovoj inzhenerii i nanotehnologij [Analysis
of a Triple Fluid Vapor Absorption System using Engine Exhaust Gas. International Journal of Advanced Engineering and Nano
Technology]. —2014. — Pp. 1-4.

Muji Setiyo, Sudjito Soeparman, Slamet Wahyudi, Nurkholis Hamidi Al'ternativnyj sposob upravlenija avtomobil'nym
kondicionerom, povyshenija proizvoditel'nosti i snizhenija vysokoj temperatury: obzor literatury [Automobile Air-Conditioning,
Improve Performance, and Mitigate the High Temperature: A Literature Overview, Periodica Polytechnica Transport Engineering].
—2018. — Pp. 36-41.

Zulkifli A.A., Dahlan, A.A., Zulkifli, A.H., Nasution, H., Aziz, A.A., Perang, M.R.M., Jamil, H.M. and Misseri, M.N. Impact of the
electric compressor for automotive air conditioning system on fuel consumption and performance analysis // IOP Conference
Series: Materials Science and Engineering. — IOP Publishing, 2015. —T. 100. — No. 1. — P. 012028.

Alahmer A., Omar, M.A., Mayyas, A. and Dongri, S. Effect of relative humidity and temperature control on in-cabin thermal comfort
state: Thermodynamic and psychometric analyses // Applied Thermal Engineering. —2011. —T. 31. — No. 14-15. — Pp. 2636-2644.



