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Abstract

The paper presents the effects of crank driven supercharger, turbocharger and electric supercharger called a Tri-
charger on a single-cylinder four-stroke diesel engine. Because the supercharger burns output power and the turbocharger has
turbo-lag, the tri-charged system is designed to alleviate the drawbacks of both the supercharger and the turbocharger. The
testing were carried out on a 1500 rpm constant-speed engine with varied load and compression ratios. The load increases
from 0 to 12 kg in 2 kg increments, with a compression ratio of 16 to 20. The results show a considerable gain in volumetric
efficiency as a result of super, turbo, and tri-charged boost air. Thermal efficiency, on the other hand, decreases at low and part
load owing to super and turbocharger for all compression ratios. Furthermore, when operating at half and full load capacity, the
engine equipped with a tri-charged boost enhanced thermal efficiency by 0.41 and 0.78 percent, respectively. The impact of tri-
charging on engine emissions, CO, HC, and NOX is decreased by 0.38, 0.73, and 0.53 percent, respectively, for CR18. As a result,
the tri-charger may be applied to a single-cylinder diesel engine without requiring any design changes, and engine performance
and pollution criteria can be met.

Keywords: Naturally Aspirated Engine, Supercharged Engine, Turbocharged Engine, Tri-Charged Engine, Engine Performance,
Emission Characteristics.

1. Introduction

Improving economy, power capacity, and lowering pollutants such as NOX, CO2, HC, and others
are significant challenges for vehicle manufacturers [1]. Because of the low decarburization of
combustible products, the transportation industry is the second-largest contributor to global
greenhouse gas emissions [2]. The greatest choice for implementing without modifying the engine
architecture is a multi-stage boosting system. The multi-stage boosting system employs more than two
chargers (boosting devices) in order to increase power and performance [3]. As a result, a tri-charged
boosting system is developed without modifying the engine's architecture. The term "tri-charged" refers
to multi-stage boosting. To alleviate the problem of turbo-lag, a crank-driven supercharger powered by
engine output provides an initial charge to the turbo driven on the exhaust. As the engine speeds up,
the exhaust gases produced are sufficient to power the turbocharger. The tri-charge boosting system is
completed with an electric-driven supercharger that supplies boost air [4] different arrangements for
putting boosting systems in place [5]. The exhaust from the engine impinges on the blades of two
turbocharger turbines in a parallel configuration, and compressed air is fed to the inlet at a single point.
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This configuration is applicable to multi-cylinder engines. HP turbine and LP turbine are connected in
sequence in a series type setup. It has better traction than parallel type but requires more difficult
installation, generates more heat, and the HP turbine consumes the majority of the exhaust gases [6].
The combined super-turbo setup is the third kind. The LP supercharger is positioned on the output shaft,
making maintenance and installation easier, whereas the HP turbocharger is powered by exhaust gases.
It produces a respectable result but uses engine power and suffers from turbo-lag [7-8]. Implementing a
tri-charged system addresses the issues of power loss and turbo-lag and is seen as a suitable solution. It
is critical to pick an adequate turbocharger for the engine's capacity [9-10]. If the turbo has a flow
capacity that is either too large or too little, it may cause variability in the engine's operation, resulting
in poor engine performance [11-13]. According to Feng Y. et al. [14], the intake pressure state is
transitory at low engine speeds of roughly 2000 rpm and steady at high engine speeds of around 4000
rom. However, using turbochargers alone at low engine speeds is ineffective. The turbo in a twin-scroll
system is heated to a high temperature and feeds hot air to the engine, resulting in increased NOX
emissions. It necessitates the use of extra cooling devices such as an intercooler, oil coolant, and
shielding [15-16]. More pipes are necessary as a result of the addition of an intercooler or radiator, and
engine construction becomes more difficult [17]. All of the systems stated above are found in the
turbocharger, and the largest issue with the turbocharger is turbo-lag. The turbocharger does not
operate because sufficient boosting pressure is not achieved [18-19]. To address the issue of turbo-lag,
Song K et al. [20] created a variable geometry turbocharger (VGT). In VGT, moveable vanes are replaced
with fixed vanes to optimise air and fuel consumption mass flow by altering angles on the turbine blades
to regulate exhaust gas flow [21]. Because of the wider flow area in VGT, the exhaust gas velocity is
reduced, resulting in lesser intake boost at low and middle engine speeds. Another disadvantage of VGT
is its slow acceleration from a standstill and higher total cost. VGT turbine expansion ratio rises with
power as intake pressure rises [23-24]. The turbocharger, in conjunction with EGR, removes or reduces
the need for boost to some extent, lowering fuel usage to produce boost air [25-26]. However, the EGR
system is only effective at a 5% rate of reduction in NOX emissions. [27-29], Thus, a supercharger is the
optimum choice to employ in conjunction with a turbocharger, and it may be installed in two ways: one
manually crank driven, and the other using electricity from a battery. The advantage of a crank driven
supercharger is that it has an excellent responsiveness to changeable loading situations since it works in
response to an increase or reduction in load with a stable compression ratio, resulting in no turbo-lag.
[30-32]. the mechanically crank powered supercharger, on the other hand, uses a large amount of
output power. It has a supercharging limit and frequent belt slide after more than 30000 km.
Experiments on the high-pressure multi-stage boosting system, i.e. turbo-super system at varied super
pressures, reveal that utilising a supercharger with optimal throttling circumstances improves efficiency
[33-35]. Zhu et al. [36] discovered that the supercharger, ASY turbocharger, and VGT are heavily
employed in S| engines to increase the speed and power of multi-cylinder engines. Zhu et al. [36]
discovered that the supercharger, ASY turbocharger, and VGT are heavily employed in S| engines to
increase the speed and power of multi-cylinder engines. Buchman et al. [37] devised a system for
turbocharging single-cylinder, four-stroke engines in which an air capacitor connected in series between
the turbocharger compressor and the intake manifold protects the product from the turbocharger
outlet [38]. Transportation vehicles consume more than 70% of fossil fuels and contribute to increased
air and noise pollution. [39] Koniuszy et al. The Indian government has begun to accelerate the adoption
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and manufacture of electric cars (EVs), with a goal of 30 percent (EVs) by 2030 and India being an all-EVs
market by 2040. Faster adoption of EVs is difficult due to several hurdles, including the fact that EVs are
more expensive than gasoline and diesel cars, and the battery is a vital component of an engine [41].
Currently, all EVs employ lithium-ion batteries, which are excessively costly and have limits in terms of
long-distance travel and a life span of four years. As a result, deploying EVs in India will take some time
since adequate charging station infrastructure is lacking [42]. However, when compared to e-tractors
and e-trucks, the adoption of e-bikes and e-cars is extremely feasible. The reason for this is that tractors
and trucks need torque of greater than 300-400 N-m to perform farm tasks such as ploughing,
harrowing, rotary harrowing, sowing, rolling, and so on. Along with vehicle electrification, about 8% of
mild hybrid electric cars (MHEV) and 20% of full hybrid electric vehicles (FHEV) are advantageous in
terms of PM and HC reduction [43]. As a result of the reduction in ignition delay, a turbocharger with tri-
charged technology can cut fuel consumption at part load by around 2% [44]. Much study has been
done on performance increase on multi-cylinder diesel engines employing stand-alone supercharger and
turbocharger or in a combination of super-turbo with varied layouts, as seen by the literature
referenced above. There is potential for creating a tri-charged system, particularly for a single-cylinder
engine suitable for tractor use, which improves brake power, decreases fuel consumption, and reduces
NOX emissions to meet demand. The current study compared the performance of a single-cylinder
diesel engine to that of a supercharged, turbocharged, and tri-charged engine at a constant speed of
roughly 1500 rpm with 0 kg, 2 kg, 4 kg, 6 kg, 8 kg, 10 kg, and 12 kg loading circumstances. Compression
ratios of 16, 18, and 20 are used to test emissions and engine performance for each adjustment. Figure
no.1 provides a revised summary of c-super, turbo, e-super, and tri-charged systems.

Figure 1: Modified layout of (a) Crank Supercharged (b) Turbocharged (c) Twin-charged (d) Tri-charged
Engine

(a) C-Supercharged System (b) Turbocharged System
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(c) Twin-charged System
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2. Experimental Setup and Processes

Figure 2. Layout C-Super, E-Super, Turbo and Tri-
Charged System
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Figure 3. Single Cylinder 4-Stroke VCR
(Computerised) Test Rig

Exhaust
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The investigations were carried out at the dedicated Research Associated Lab (RAL) at Apex

Innovations Pvt. Ltd. Sangali, Maharashtra, India. .

The crank driven supercharger, turbocharger and

electric supercharger combined assembly is shown in Fig.2. The setup consists of a single-cylinder, four-
stroke, diesel engine connected to an eddy current dynamometer, computerised model-224 shown in
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Fig.3. The test setup provided with necessary sensors for combustion pressure and crank-angle
measurements. These signals from respective sensors interfaced to the computer through engine
indicator for P-8 diagrams. The setup has a stand-alone panel box consisting of the air box, fuel tank,
water manometer, and burette as a fuel measuring unit. Rotameters are provided for cooling water and
calorimeter water flow measurement. The setup enables the study of engine performance for brake
power, indicated power, frictional power, BMEP, IMEP, brake thermal efficiency, indicated thermal
efficiency, Mechanical efficiency, volumetric efficiency, specific fuel consumption, A/F ratio and heat
balance. 'Enginesoft’ is used to interface the engine performance result and analysis. A computerized
diesel injection pressure measurement is also provided. The exhaust gasses emissions are measured by
exhaust gas analyser (AVL DIGAS 444N), respective parameters, measurement, and resolution shown in
Table 1.

Table 1: Exhaust Gas Analyser (AVL DIGAS 444N)

Parameters Measurement Resolution
co 0-15 % Vol 0.001 % Vol.
HC 0-3 % Vol 4 % Vol

Cco2 0-5 % Vol 6 % Vol

02 0-25 % Vol. 0.01 % Vol.
NOX 0-5000 ppm 1 ppm
Engine Speed 400-6000 rpm 1rpm

Oil temperature 09C-125 °C 12eC
Lambda (A) 0-9.999 0.001

The experimental setup was developed with the help of three main assemblies are as follows.

2.1 Crank Driven Supercharger

The crank driven supercharger is an air blower
attached to the crankshaft at the back of the engine
by a belt and pulley system that transfers power
from the crankshaft to the supercharger (Refer Fig
4). The torque generated by supercharging is
measured using a torque metre located at the
crankshaft pulley's end. The pressure gauge and
temperature measuring sensor were used to
measure the supercharger's inlet pressure and
temperature (IST AG platinum temperature sensors).
The mass flow rate fluctuates with the engine's
loading state and is monitored accordingly by the
manometer.

Crank
Supercharger

Figure 4. Crank Driven Supercharged Engine Setup
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The following mathematical equation expresses the relationship between supercharging
pressure and temperature.

1
Tz _ (p_Z)Y_V (1)
T1 p1

2.2 Exhaust Driven Turbocharger

A turbocharger is attached to the engine's

exhaust pipe using a specially designed clamper with
dimensions the same as the exhaust pipe (Refer Fig. 5).
The housing connects the turbocharger at the entry of
exhaust hot gasses and waste-gate to escape the
unwanted gases. The temperature and pressure after
the turbocharger were measured. After turbocharging,
the gases were allowed to pass through the
calorimeter. The turbocharger's efficiency is the
conversion of exhaust energy into work required for

Outlet of
Turbocharger

compression and is calculated using the following

expression.
Figure 5. Turbocharged Engine Setup
mco.e _Pco
p,Com TCIT
nTe=— ( lfTi) (1)
mTl.ep’EXp(TTim)
2.3 Electric-Supercharger T, : Gas

Analyzer

A supercharger runs through the power of

12V battery (Fig. 6). An orifice air control valve

controls the mass of air at around 50 % opening

optimum. The pressure gauge and temperature

sensor were attached after the valve to measure the

exit pressure and temperature of the electrically
driven supercharger.

Figure 6. Electric Driven Supercharged Engine Setup
2.4 Tri-charger

The tri-charged assembly (Refer Fig. 7) in this a supercharger (Air Blower) was assembled to the
crankshaft through the belt and pully mechanism. A turbocharger is attached to the exhaust pipe to run
on the exhaust gas, and an electric supercharger runs by 12V battery. The combined super, turbo and
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tri-charged boost air is maxed at a specially designed
Y join, further supplied to the intake. The pressure
gauges and temperature sensors are mounted at the
combined c-super, e-super and turbocharged Y pipe
exit. The corrected mass flow rate after the

Pressure
Gauge

combination of the tri-charged system is defined
using the following relation.

Pr. & Tr. = Referential pressure in (bar) &
temperature in (°C) which is equal to the
atmospheric pressure and temperature

Pa. & Ta. = Actual pressure in (bar) &
temperature in (°C) which is inlet to the engine after
tri-charging at different modifications as super and
turbo

Figure 7. Tri-charged Engine Setup

_ Pr ’ T,
Meorrected = Mactual P_ T_ (2)
a r

Initially, the test was carried out on a conventional single-cylinder four-stroke diesel engine at a
compression ratio of 18, further modified to a supercharged engine with the same 16, 18 and 20 CR.
Similarly, supercharger replaced by turbocharger and test was conducted and lastly tested conducted on
combined tri-charged engine and results are compared for a different compression ratio of 16, 18 and
20 at variable load from 2 kg to 12kg.

3. Results and Discussion

This section compares the performance evaluation and emission analysis on the conventional
engine compared with the crank driven supercharger, e-supercharger, turbocharger, and tri-charger.
Experiments on single-cylinder conventional diesel engines are conducted first at a constant speed of
1500 rpm with 2 kg, 4 kg, 6 kg, 8 kg, 10 kg, and 12 kg of loading conditions. Then the conventional
engine was modified with a crank driven supercharger with the same speed and load, further modified
by turbocharger and tri-charger with the same speed and loading conditions.

3.1 Effects on Brake Specific Fuel Consumption: [BSFC]

Fig. 8 shows the variation of BSFC with a change in loading of the engine. The lowest value of
the BSFC represents that the engine is efficient. The experimental result shows a significant increment in
the BSFC compared to the naturally aspirated engine. At low load, BSFC increases from 0.91 Kg/kWh to
0.94 Kg/kWh average of all 16 CR, 18 CR, and 20 CR, operate with supercharger. The average increase in
BSFC is 0.93 Kg/kWh, slightly lower than the supercharger and further reduced to 0.896 Kg/kWh with tri-
charger when operating with a turbocharger. Whereas there is not much variation in BSFC found at a
partial load of 4 to 6 kg for turbo and tri-charger compared to the supercharger, the best operating
condition for partial load is observed at the turbocharged engine with a compression ratio of 18 for 6 kg
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Figure 8. Load vs. BSFC

load. For a full load, the best
operating condition is a tri-charger with CR
18 at 12 kg load. Therefore the tri-charging
technology tends to reduce the BSFC
compared to the conventional, super and
turbocharged engine.

3.2 Effects on Brake Thermal Efficiency:
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The engine thermal efficiency at
full load condition represents the heat to
power ratio of the engine. Through
experimentation, brake thermal efficiency
for CR 16, 18 and 20 decreases from 2.11 %
to an average of 1.86 % at supercharged
conditions. Further, BTHE decreases from
21.24 % to 21.09 % at turbocharged mode
and tri-charged from 28.32 % to 28.21 %;
thus, the power tends to increase capacity
with the penalty of fuel consumption for all

BTHE (%)

] 2 6 ] 10 12 14
Load (Kg)
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CR. When the engine operates at turbocharged boost air, there is a slight fall in BTHE at a low load of 2
kg, from 10.24 % to 9.66 %, whereas it is increasing at part and full load 21.41 % and 28.57 %,
respectively. Also, there is a significant increment in the BTHE when run at tri-charged modification to
10.47 %, 21.73 % and 29.03 % for CR16, CR18 and CR20. The best BTHE is 29.13 % at tri-charged with
CR20, whereas for all CR 16 to 20, the BTHE is higher than conventional, super, and turbocharged
modification due to reduction in ignition lag and optimized boost charge. (Fig.9)

3.3 Effects on Volumetric Efficiency: [VE]

Figure 10. Load vs. VE

The volumetric efficiency of the
engines is associated with the mass density of
the air-fuel mixture drawn into the cylinder.
Like a supercharger, turbocharger and tri-
charger provide boost air to the engine.
Therefore, there is a significant increment in
the volumetric efficiency when operating at
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low, part and full load capacity with variation in compression ratio. For 12 kg of full loaf capacity, the VE
increases from 81.17 % to 96.77 % for super CR16, 115.65 for turbo CR 16 and 121.88 % for tri-charged
CR 16.Thus the higher value of VE at a compression ratio of 16 for super, turbo, and tri-charged engine
(Fig. 10).

4. Emission Analysis

4.1 Emission Characteristics: CO

Figure 11. Load vs. CO

The variation of CO produced from the 015  —s—Conventional  —m—Super-CR1G Super-CR18
conventional engine compared with —*—3uper-{R0  —¥—Turbo-CR16 Turbo-CR1B

h q boch q q ) Turbo-CR20 TRERIE _y—=TRI-CR18
supercharged, turbocharge an tri- A——— 5 1u
charged engines in (Fig. 11). Boosting air 01 | . ’ 'l;.:-_-_*_"_'_'__.----l"
affects the air-fuel ratio, density, and **.'."_'_'.'.'.--E--..__.“ E
atomization of fuel; thus, CO emissions are ;? F Jﬁ;'_iﬁ: _M —--"'_'_'_::"- -

N . ~ 005 il e

reduced significantly. The CO is reduced ¢ b g
significantly when the engine operates at
modifying a supercharger, turbocharger, ]
and tri-charger for all compression ratios. ) ) . ; ; 10 1 "
At a low load of 2 kg, CO reduced from 0.09 Load (Kg)

% vol. to 0.04 % vol. at super, turbo and tri-
charged mode for compression ratio as 20. Similarly, CO emissions are reduced at part load from 0.11%
vol. to 0.07 % vol by a supercharger, 0.06 % vol. Due to turbocharging and 0.05 % vol by tri-charging. A
significant change in CO emissions is observed when the engine operates at full load capacity, and the
CO is reduced from 0.13 % vol. to 0.08, and 0.05 % vol. at super, turbo and tri-charged engine. Thus
based on the obtained results, the CO emissions of diesel engines can be reduced by the boost tri-
charging.
4.2 Emission Characteristics: HC

Figure 12. Load vs. HC

At three different compression 50 - —+—Conventional  —@—Super-CR16 Super-CR18
ratios, the influence of tri-charged boost o | +$:F§::EE§S _'_IETDEREEIE _ﬂ___};fg&iglg
pressure on the HC emissions index was TRI-CR20 _—
studied. The rise in UHC at decreasing 02 :a“
concentrations is typical of this dilution- :\;
controlled LTC regime [11, 12]. UHC =:
emissions are generally lower with larger =
loads, with the exception of when the global
equivalency ratio approaches or surpasses 1.

(Fig. 12) compares the HC emissions of a 0 2 4 6 B 10 12 14
regular engine to those of a supercharged, Load (Kg)
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turbocharged, and tri-charged engine operating at varied loading circumstances and compression ratios.
The results show a considerable decrease in HC as a result of supercharging, turbocharging, and tri-
charging technologies. At 2 kg loading condition, the HC was lowered from 16 ppm to 11 ppm by
supercharger at CR 20, 8 ppm by turbocharger, and 7 ppm by tri-charger. Due to super, turbo, and tri-
charging, HC was lowered from 26 ppm to 19 ppm, 17 ppm, and 16 ppm at part load, respectively. HC
was also lowered from 42 ppm to 31 ppm at full load, indicating that boosting air density as a boost
charge is effective in lowering HC emissions.

4.3 Emission Characteristics: NOx

Figure 13. Load vs. NOx

Load Vs, NOx emissions 2000 - —s—Conventional — —m— Super-CR16 Super-CR18
characteristics, are shown in Fig. 13. —*—Super-{R0  ——Turbo-CR16 Turbo-CR18
. . Turbo-CR20 TRI-CR16 ——TRI-CR18
There is not much variation in NOy at the 1500 L TRI-CRI0 -
no-load condition for CR 16, whereas, at - .
part load capacity, the NOx reduced E 1000 |
significantly from 887 ppm to 532 ppm, E 7
557 ppm, and 411 ppm when operatingat z so0 | P
super, turbo and tri-charged mode. An i
excellent change in NOx was observed -
0 . . . . |
when operates at the super, turbo and
0 2 4 6 8 10 12 14

tri-charged modification from 1466 ppm
to 977 ppm, 866 ppm and 775 ppm for CR Load (Kg)
20. Thus increase in boost pressure and compression ratio results in a reduction in NOX emissions.

5. Combustion Analysis
5.1 Engine Details

IC Engine set up under test is research diesel engine having power 3.50 kW @ 1500 rpm which is
single cylinder, four stroke , constant speed, Cylinder Bore 87.50(mm), Stroke Length 110.00(mm),
Connecting Rod length 234.00(mm), Compression Ratio 18.00, Swept volume 661.45 (cc)

5.2 Combustion Parameters

Specific Gas Const (kJ/kgK): 1.00, Air Density (kg/m#3): 1.17, Adiabatic Index: 1.41, Polytrophic
Index: 1.05, Number of Cycles: 10, Cylinder Pressure Reference: 5, Smoothing 2, TDC Reference: 0

5.3 Performance Parameters

Orifice Diameter (mm): 20.00, Orifice Coefficient of discharge: 0.60, Dynamometer Arm Length
(mm): 185, Fuel Pipe dia. (mm): 12.40, Ambient Temp. (Deg C): 27, Pulses Per revolution: 360, Fuel Type:
Diesel, Fuel Density (Kg/m”3): 722, Calorific Value of Fuel (kj/kg): 38850. The measuring instrument,
range, and accuracy.
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Table 4 Measuring instrument, range and accuracy

Measuring instruments Range Accuracy

Piezo sensor:

Make PCB USA, Combustion 350 bar +1bar
Speed sensor:

Make Kubler Germany, 0-5500 rpm +1 rpm
Resolution 12

Temperature transmitter:

Make ABUSTEK USA, Type two 0-100 eC +1°C
wire, Input RTD PT100, 4-20 mA +0.5mA
Thermocouple,

Load sensor:

Make VPG Sensotronics 0-50Kg +0.5Kg
Fuel flow transmitter:

Make Yokogawa Japan, DP 0-500 mm WC +1.5 mm
transmitter)

Air flow transmitter:

Make Wika Germany, Pressure 0-250 mm WC +1 mm
transmitter,

Rotameter & Calorimeter: 40-400 LPH +5 LPH
Make Eureka, Engine cooling, 25-250 LPH +5LPH
Smoke analyser

AVL 437 Smoke Meter, Opacity Capacity +0.1m—3

0.1 %, Operating 0-100 %
Temperature:52C to 502 C

All the tests were carried out at six different
loads viz. 2 kg, 4 kg, 6 kg, 8 kg, 10 kg, 12 kg, and at a
constant speed of 1500 rpm with a suitable
combination of intake pressure and temperature and
exhaust backpressure. To understand the overall
effect of tri-charged with different boost devices and
compression ratios was investigated. It is found that
the engine tends to knock at 55 2 BTDC fuel injection
timing and is unstable beyond 62 2 BTDC fuel
injection timing. The exhaust backpressure was
maintained at 240 kpa with a tri-charged boost of
CR20. The diesel supply was set at 3.8 g/min, and the

Figure 14. Variation of Cylinder Pressure

Cylinder Pressure [bar]
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measurement accuracy data is shown in Table. 4. To identify knock limits, engine knock tests were

conducted at full load conventional and tri-charged engines at maximum compression ratio of 20. The

cylinder peak pressure was found 72.3 bar at 52 cylinder volume at tri-charged mode CR20. Combustion
ends at 20 @ ATDC, 2.33 kJ heat release at 201 ¢ ATDC and net heat release at 78 J/deg. The gas
temperature was recorded at 1358 2C in a tri-charged engine at 1.6 bar pressure shown in Fig.14.
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Fig. 15 shows the heat release rate

70
60
50

concerning crank rotation at different
operating conditions of load and pressure.

The highest heat release peak, the more 3 0
advanced start of heat release, which result g 20
increase fuel conversion efficiencies. The 3 20
HRR of the conventional engine was found at ;5

6 2 BTDC, which is around same for super, 2
turbo, CR16 mode, whereas 1-2 2 advances -10
at tri-charged CR18. The maximum HRR is -20
observed at tri-charged CR-20. The start of -30

heat release at 42 CA and is 63 J/deg from
increasing boost pressure at tri-charged, BTDC at
compression ratio 18 to 20.

6. Conclusions

Figure 15. Variation of Heat Release Rate
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The present study compares a naturally aspirated engine performance and emissions with
supercharged, turbocharged, and tri-charged mode at different compression ratios. An experimental
trial was carried out to analyze and understand the combustion, performance and emission. From the

results obtained following conclusions were made.

e As the orifice valve position of the tri-charger and quantity of fuel increase, the intake pressure
and airflow rate increase. However, the efficiency of the compressor decreases because the
compression ratio approaches the surge line, this result in a reduction in engine efficiency

e Due to combined tri-charging, the combustion pressure increased, which is why IMEP and BMEP
increased. However, BSFC reduced from 0.33 Kg/kWh to 0.31 Kg/kWh at tri-charged CR18
operating conditions compared to conventional engine operating at CR 18. Some optimization is
needed considering the correlation with an engine to improve performance.

e If an optimized compression ratio and tri-charged boost air are maintained, CO and HC are
reduced. This is possible when there is fuel atomization by increasing the swirl motion in the
combustion chamber by increasing boost airflow charge into intake due to tri-charged

technology.

e The tri-charged technology is a fissile solution to power consumption by the supercharger and
turbo-lag by the turbocharger as it provides initial power to turbocharger from the crank driven
supercharger. However, there is a need to find the overall power produced and consumption by

the tri-charged

3233



Nat. Volatiles & Essent. Qils, 2021; 8(4): 3222-3239

In order to improve the performance and reduce emissions, a tri-charged technology gives
better results at a compression ratio of 18 with optimized boost air.

The use of tri-charged at PPO-20 boost pressure tends to highest brake thermal efficiency at the
engine's half and full load capacity.

Thus, in real-life applications, using tri-charged technology at a compression ratio of 18 would
be more beneficial for the engine performance at part and full load capacity.

In this study, the change in engine emissions and efficiency of diesel engines at a compression

ratio of 18 is analyzed and compared with a tri-charger, which combines a crank driven supercharger, a

turbocharger and electric supercharger, which was not investigated out in the previous study. Operating
the tri-charger and adjusting airflow quantity improves the engine load carrying capacity, and the tri-
charged technology is expected to have good advantages concerning fuel efficiency and emissions.
Based on the present study results, future studies should be conducted to improve engine efficiency by

optimizing intake air flow rate and temperature.
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Highlights of the Paper
1. A tri-charged technology is the best solution over the problem of power consumption and

turbo-lag.

A tri-charged technology can be implemented successfully on single cylinder four-stroke diesel
engine.

Tri-charged technique improves the engine performance and reduced emissions.

The tri-charging boosting gives best performance when engine operates at 18 compression
ratio.

Nomenclature & Abbreviation

rpm Rotation per minute

BSFC Brake Specific Fuel Consumption (g/kWh)
BMEP Brake Mean Effective Pressure (bar)
IMEP Indicated Mean Effective Pressure (bar)
BTHE Brake Thermal Efficiency (%)

VGT Variable Geometric Turbocharger

EGR Exhaust Gas Recirculation

A/F Air Fuel Ratio

HP High pressure

LP Low pressure

BP Brake Power

N Speed (rpm)

co Carbon Monoxide
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Cc02 Carbon Dioxide
HC Hydrocarbon
NOx Nitric Oxide
VCR Variable Compression Ratio
w Load (Kg)
Tl Temperature of inlet/ ambient air (°C)
T2 Temperature of outlet gasses/ after compressor (°C)
T3 Temperature of cooling water inlet (°C)
T4 Temperature of cooling water outlet (°C)
T5 Temperature inlet to calorimeter (°C)
T6 Temperature outlet to calorimeter (°C)
F1 Fuel flow rate
F2 Air flow rate
F3 Cooling water flow rate (Rotameter)
F4 Exhaust gas flow rate (Calorimeter)
Subscripts
Super Supercharger
Turbo Turbocharger
EVs Electric Vehicles
Lab Laboratory
Vol Volume
Psc Crank driven Supercharger Pressure
Pse Electric driven Supercharger Pressure
Pt Turbocharger Pressure
Greek
Ratio of specific heat capacities, 1.4 for air
density
P-6 Pressure- Crank angle
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