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ABSTRACT

In order to reduce the temperature in the marine engine cabin, improve the working environment of the staff
and meet the economy and emission requirements, the cooling system of the engine was experimentally
investigated in the present study. In this regard, water cooling and air-cooling schemes were studied and the
main indicators including engine torque, smoke-emission, and exhaust temperature were analyzed. The
obtained results indicate that the highest torque can be obtained from the air-cooling turbine case and
air-cooling exhaust pipe. As the applied torque decreases, the outlet smoke first decreases then increases and
decreases finally. Moreover, it is found that the water-cooling turbine case and water-cooling exhaust pipe
increase the smoke. When the turbocharger is equipped with a water-cooling turbine case and water-cooling
exhaust pipe, the higher the engine torque, the higher the turbine exhaust temperature and oil tank
temperature, and the greater the reduction of the exhaust temperature. The engine torque is in direct
proportion to the fuel consumption. The greater the torque, the higher the engine speed and the greater the
fuel consumption. The engine torque is inversely proportional to the fuel consumption rate. The greater the
torque, the smaller the fuel consumption rate. In cases with water cooling exhaust devices at 110% loading
speed, the temperature after the intercooler is higher than that with the air-cooling exhaust device. After the
intercooler, the pressure increases as the applied torque increases, and a higher-pressure ratio can be obtained
from the air-cooling exhaust device. The higher the engine torque, the higher the temperature of the turbine
exhaust, the higher the outlet temperature of the circulating cooling water, and the higher the temperature in
the cabin. It was concluded that the exhaust device of the air-cooling turbine case and water-cooling exhaust
pipe can reduce the temperature in the engine parts by up to 2°C, thereby improving the working environment
of the cabin staff, economic performance, and the emission index.

Keywords: Turbocharger; Water cooling; Air cooling; Exhaust devices; Engine cabin temperature.

1. INTRODUCTION emissions (Mezher et al. 2013), and improves
engine efficiency (Su et al. 2014). Recently, the
With the rapid developments in different industries ~ turbocharger has developed rapidly as an important
such as automobile, shipbuilding, aviation, auxiliary component of the engine. In this regard,
agricultural machinery, and construction machinery, ~ Many advances have been made in different fields
increasingly  strict  environmental  protection such as electronics and materials. Accordingly, the
regulations have been promoted remarkably. In this ~ turbocharger can be considered as a high-tech
regard, the turbocharger has attracted many scholars ~ Product integrating machinery (Zhao et al. 2015; Li
in diverse industrial fields and has been widely  etal.2021).
adopted as a standard engine configuration (Zhao  syygies show that the ship engine has one of the
and Li 2015). Studies reveal that applying  worst working environments mainly originating
turbocharging  technology improves the working  from space constraints. For example, once the ship
performance of the engine, reduces pollutant  gngine fajls, the maintenance staff should carry out
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maintenance in a confined space with high
temperatures and polluted air. In order to improve
this challenging working environment, many
investigations have been carried out on the cooling
and temperature control of the engine. In this regard,
Xin (2013) studied the heat dissipation and cooling
of diesel engines, applied the first law of
thermodynamics to the engine energy balance in the
engine, proposed the theory of engine miscellaneous
heat loss and heat dissipation, and calculated the
cooling performance, cooling capacity and coolant
temperature. Fontanesi and Giacopini (2013) applied
CFD and FEM methods to investigate engine
conjugate heat transfer and thermal loading cycle
and fatigue strength, and optimized the
water-cooling  turbocharger of an internal
combustion engine. Moreover, Hansen et al. (2013)
proposed two methods to control single-phase
marine cooling systems based on nonlinear robust
control models and then evaluated the performance
and robustness of the proposed methods.
Accordingly, it was found that both designs have
promising robustness to the variation of parameters,
while the nonlinear robustness design performs
better in terms of noise immunity. Zegenhagen and
Ziegler (2015) analyzed the application of an ejector
cooling system in a turbocharged gasoline engine to
cool the charged air and improve engine efficiency.
In order to improve the fuel economy of
turbocharged engines under full-loading knock limit
operation, Bozza et al. (2016) studied the exhaust
gas recirculation (EGR) of low-pressure coolant and
the water injection into the intake port of the
turbocharger. The obtained results showed the
introduction of inert gas into the cylinder reduces
the tendency of knocking, thereby promoting the
combustion performance, while reducing fuel
consumption. Further investigations revealed that
the heat subtracted by the water evaporation
intensifies this effect, thereby improving fuel
economy. In this regard, Li et al. (2017) and
Tornatore et al. (2019) demonstrated that cooled
EGR can reduce engine soot emissions. Wei et al.
(2017) found that water injection into the engine
cylinder can improve engine performance and
reduce NOx and soot emissions. They found that
cooling of certain parts of the engine can increase
the average effective pressure and efficiency. It was
found that the best engine performance can be
achieved when fuel is injected with 15% water.
Novella et al. (2017) studied the intake air cooling
of internal combustion engines. They proposed
theoretical models, performed  experiments,
improved the efficiency of the internal combustion
engine, and reduced pollutant emissions. Cipollone
et al. (2013, 2017) proposed a refrigeration unit to
cool the engine charge air and found that proper
installation of the refrigeration unit inside the intake
manifold can provide additional cooling, thereby
reducing fuel consumption and significantly
reducing pollutant emission. Mohamed et al. (2018)
integrated the heat discharge during the scavenging
cooling process by the exhaust gas in the steam
power generation cycle to improve the power
generation efficiency of the waste heat recovery
system in marine diesel engines. Wu et al. (2021)

performed numerical simulations and experiments to
study the fuel and air systems of diesel engines and
analyzed the influence of different thermal
management processes on combustion, exhaust
temperature, and thermal efficiency. Accordingly, it
was found that compared with the fuel strategy, the
air system strategy has higher thermal efficiency.

Considering the high temperature of the exhaust gas
of the internal combustion engine, the turbocharger
bears high heat loads. Consequently, heat dissipation
performance greatly affects the service life of the
turbocharger (Jiagiang et al. 2016, 2018). In this
regard, Lu et al. (2021) studied the water-cooled
bearing body of turbochargers and analyzed the
influence of the flow rate and temperature of cooling
water and the surface roughness of the cooling
chamber on the cooling performance. Meanwhile,
Zhao et al. (2018) studied the effect of heat transfer
on turbocharger efficiency. Salameh et al. (2021)
considered the turbine, compressor, and bearing
body in the turbocharger as a thermal mass and took
the water-cooling bearing body as the thermal
barrier between the turbine and compressor. Then
they applied a heat transfer model for the analysis.
Since no coupling is considered in this method
between the compressor and turbine, the
calculations and complexity of the problem reduce
significantly. Serrano et al. (2015) studied the
internal convection of small turbochargers using the
convective heat transfer coefficient and found that
when the applied load is relatively low, the heat loss
at the turbine end increases as the enthalpy drops,
and all heat transfer is concentrated at the turbine
inlet. On the other hand, the heat transfer at the
compressor side concentrates at the compressor
outlet, which should be considered only under high
loads.

Reviewing the literature indicates that most
investigations on the turbocharger have focused on the
compressor and turbine performance. Moreover,
researches on water cooling turbochargers also mainly
focus on the heat transfer process from turbine to
compressor and the corresponding thermal fatigue. This
is especially more pronounced in water cooling bearing
bodies. On the other hand, a few investigations have been
carried out on the impact of the thermal radiation
generated by the turbine case and exhaust pipe on the
environment and the working conditions of the staff. The
main objective of the present study was to improve the
working conditions in a relatively closed space of the
marine engine cabin, which is sensitive to the
temperature effect caused by the exhaust. In the present
study, the water cooling and air-cooling experiments
were carried out on a marine engine turbocharger and
exhaust pipe to investigate the influence of water-cooling
devices, and provide a theoretical basis for future
designs.

2. EXPERIMENTAL STUDY

2.1 Determination of the Experimental
Scheme

To study the influence of the water-cooling turbine
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case and water-cooling exhaust pipe on the engine
emission and environment, the water path of the
engine is adjusted and three experimental schemes
are designed. Table 1 and Fig. 1 show the test cases
and test configurations, respectively.

Water inlet Water cavity

Compressor Exhaust gas
inlet
/1 ]
Oil outlet Water outlet

W. | ~\
ateroutlet > cavity

Case 1 Water cooling exhaust pipe and water-
cooling turbine case
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Oil inlet
T
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Exhaust gas K&
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Water cavity

Compressor|
inlet

T
m{_&“

Water outlet

Oil outlet

Air cavity

Case 2 Water cooling exhaust pipe and air-cooling
turbine case

Air cavity

inlet

on the engine test bench. Figure 2 indicates that the
test bench mainly consists of an engine,
turbocharging system, cooling system, dynamometer,
and control system, fuel system, lubricating oil
system, measurement, and data acquisition system,
and pipeline system. The compressed air enters the
engine cylinder and adjusts the fuel supply to
provide a complete combustion reaction. Then the
burned gas enters the turbocharger to promote the
turbine to drive the compressor to compress the air,
thereby increasing the air density. The pressurized
gas enters the engine cylinder after being cooled in
the intercooler and then participates in the
combustion process. The turbocharger turbine case
and exhaust pipes can be mainly divided into
water-cooled and air-cooled types. Then the exhaust
gas discharged from the turbine is monitored. The
experimental setup and the corresponding flow
diagram are shown in Fig. 2. Furthermore, the main
technical specifications of the diesel engine for the
test are shown in Table 2.

Table 2 Technical specifications of the engine

Engine model 12M26

Rated power / speed 551/1500 (kW/rpm)

Overloading power / 66211800 CkW/rpm)

Oil outlet
Case 3 Air cooling exhaust pipe and air-cooling
turbine case
Fig. 1. Different schemes of the turbocharger.

Table 1 Test cases of the turbocharger and ex-
haust pipes

Serial

No. Engine status

There is circulating water in the
exhaust pipe and turbine case (water
cooling exhaust pipe and
water-cooling turbine case)

Case 1

speed
Cylinder borexstroke 150150 mm
Displacement 31.8L
Compression ratio 14

Firing sequence 1-8-5-10-3-7-6-11-2-9-4-12

Maximum burst

There is circulating water in the
exhaust pipe and no circulating water
in the turbine case (water cooling
exhaust pipe and air-cooling turbine
case)

Case 2

<15 MPa
pressure
Temperature of die-

sel engine circulat- 75~85°C

ing water outlet
Oil temperature 90~95 °C
Turbine outlet ex- <500 °C

haust temperature

Oil pressure 400~600 kPa
Exhaust backpressure <3 kPa
Advance supply 27° CA
angle

There is no circulating water in the
exhaust pipe and turbine case (air

Case 3 . - - -
cooling exhaust pipe and air cooling

turbine case)

Remarks: When the engine is in the three states in
Table 1, the loading characteristic test of the rated

speed should be carried out according to the rated

working conditions (551 kW/1500 rpm) and 110%
overloading condition (662 kW/1800 rpm)

2.2 Experimental System

In the present study, experiments were carried out

2.3 Selection of the Turbocharger

During the experiment, H135 turbocharger is used.
It is a forward inclined turbocharger with a
backward-curved runoff impeller, 7 mainstream
blades, and 7 splitter blades. The inlet and outlet
diameters of impellers are 86.4 mm and 122 mm,
respectively. There is an intake bypass recirculation
system with a channel area of 1813 mm2 in the
compressor volute. Moreover, the inlet and outlet
diameters of the turbine are 106.4 mm and 99.1 mm,
respectively. The channel area is 2500 mm?.
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(a) Test schematic diagram and data acquisition point
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Fig. 2. Engine test bench and data acquisition points.
Table 3 Specifications of measuring instruments in the experiment
No. Meter Specifications Measuring accuracy
1 Hydraulic dynamometer 0-3300 kW +0.4 FS
2 | Engine measuring and controlling instrument NCK2000 +2%
3 Explosion pressure gauge 0-20 MPa 2.5 grade
4 Pressure gauge ZBY215-84 +0.5%
5 Thermometer 0-600 °C 1.6 grade
6 Thermometer 0-200 °C 1.2 grade
7 Five-gas measuring instrument FBY-200 +0.3%
8 Smoke meter FBY-201 +3%
9 Fuel flow meter SX-GF +0.5%
10 Turbocharger flow rate double button flow meter +1.5%
11 Turbocharger speed magnetic-electric tachometer +0.2%

2.4 Experimental Requirements

The test equipment and instruments should be
calibrated before the experiment. During the test, the
bench air filter with a disposable filter is used.
Moreover, light diesel oil (No. 0 according to
GB252 standard), and Machine oil (15W/40 CD
according to GB11122 standard) with an appropriate
antifreeze (Mobil grade) that resists freezing up to

-45 °C is used. The flow rate of the cooling water is
set to 24 m3/h. During the test, all parameters are
measured after the stable running of the diesel
engine for 5 min. The test equipment and
instruments are shown in Table 3.

The experiment is conducted from a high-power and
high-torque operating condition to a low-power and
low-torque condition. During the experiment,
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several parameters, including ambient pressure and
temperature, engine speed, torque, power and smoke,
fuel consumption rate, turbine exhaust temperature,
oil tank temperature and return temperature of the
cooling water, and temperature and pressure of the
intercooler exhaust are monitored.

2.5 Experimental Error Processing Method

During the experiment, the effective power of the
engine is measured by the bench test. In this regard,
the effective torque and crankshaft speed are
measured by a dynamometer. Then, the effective
power output of the engine through the flywheel is
calculated by the following expression:

27 T.n
Pe=T,A6 ——x10°=—4
“ 60 9549 &9
where Pe denotes the effective power in kW, Tiq is
the effective torque in N-m, and n denotes the
crankshaft speed in rpm. The fuel consumption rate
of the engine can be calculated as follows:

_ Bx1000x9549 B x1000
TN Pe (2)

be

where be denotes the fuel consumption rate in
g/(kW-h, reflecting the fuel consumed by the engine
for each kW-h of effective output work. Moreover,
B denotes the consumed fuel per hour, kg/h.
Uncertainty of the experimental data results can be
adopted from the following expression (Moffat R J,
1988):

2 2 2
6R: @ 5)(124_ ﬂ 5X22+"'+ ﬁ 5Xi2+...
0%, oX, oX;

(€))

For the effective power and fuel consumption rate of
the engine, uncertainty expression can be rewritten
in the form below:

2 2
Ope = ope ST {ape) n’
Ty on
2 2
By = (abej 5BZ+(abeJ Pe’
oB oPe
2 2 2
= 6be] B2+ Lbe 5|'2+(abe on?
oB aT, ) Lén

3. EXPERIMENTAL DATA ANALYSIS

4

®)

In the present study, three groups of experiments are
carried out on the engine test bench to compare
engine  smoke, exhaust temperature,  fuel
consumption, and other indicators under different
conditions at the rated speed (1500 rpm) and 110%
loading speed (1800 rpm).

3.1 Smoke

Figure 3 shows the relationship between the engine
torque and smoke at different operating speeds. The
obtained results show that as the applied torque
decreases, the smoke decreases first, then increases,
and finally decreases once again. Moreover, when
the rated speed is 1500 rpm, the torque decreases
from 4000 N-M to 1750 N-M. When the torque is
1750 N-M, the smoke is about 0.45 FSN, and then
the smoke increases again to about 1400 N-M.
Meanwhile, the torque smoke increases to the
extreme value, and the smoke is about 0.6 FSN. As
the applied torque further decreases, the smoke
decreases again.

At a 110% loading speed of 1800 rpm, the torque
decreases from 3750 N-M to 2000 N-M, and the
smoke decreases. The smoke in the Cases 1 and 2
scheme is about 0.6 FSN, while that in Case 3
scheme is about 0.45 FSN. It is observed that when
the applied torque decreases from 2000 N-M to 800
N-M, the smoke increases, reaching the maximum
value at 800 N-M. At this time, the smoke varies
within the range of 0.85~1.0 FSN. The smoke
intensity of Case 3 is the lowest at the rated speed of
1500 rpm, and only at the minimum torque point
(360 N-M), it is slightly higher than that of the other
two schemes. When the applied torque is less than
3500 N-M, the smoke intensities of Case 1 and

16 n
—®=— Case 1 Smoke
1.4 +  —®—Case 2 Smoke
—A— Case 3 Smoke
12|

10f // .
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(b) 1800rpm
Fig. 3. Power and smoke at different rated
speeds.
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Fig. 4. Temperature of the turbine exhaust and oil tank at different rated speeds.

Case 2 are the same. However, when the torque is
about 4000 N-M, the smoke intensity of Case 1 is
much higher than that of Case 2 and Case 3.
Furthermore, at a 110% loading speed of 1800 rpm,
smoke intensities of Case 1 and Case 2 are the same
and higher than that of Case 3 in the torque range of
3750 N-M to 1400 N-M, while the smoke intensities
of Case 1 and Case 3 are the same and higher than
that of Case 2 in the torque range of 1400 N-M to
350 N-M. This is because at the loading moment,
the fuel supply increases first, while the gas supply
is still insufficient. Consequently, the engine torque
and the smoke level are high in the initial moments
of the experiment. As the engine operates
continuously and reaches steady-state conditions
after several working cycles, the gas pressure in the
exhaust pipe gradually rises, the energy released in
the turbine increases, and the turbine speed increases,
so the mass of the compressed gas entering the
engine cylinder increases, and the smoke level
decreases; When the engine operates under the
low-torque condition, the air-to-fuel ratio decreases
due to the lag of the supercharger response, so the
combustion quality deteriorates, thereby increasing
the exhaust smoke level, further decreasing the

air-to-fuel ratio in the turbocharger, and reducing the
operating velocity. Therefore, the smoke level of the
engine working at 1800 rpm is higher than that at
1500 rpm when the engine works under low-torque
conditions. This may be attributed to the air-cooled
exhaust pipe and turbine case in Case 3, while the
exhaust pipe and turbine case are water-cooled in
Case 1 and Case 2 which increases the heat
dissipation. Therefore, the smoke content of Case 1
and Case 2 is higher than that of Case 3.

3.2 Temperatures of the turbine exhaust and
the oil tank

Figure 4. shows the relationship between engine
torque, turbine exhaust temperature, and oil tank
temperature at different working conditions.

It is observed that under the same scheme and the
same speed, the greater the applied torque, the
higher the turbine exhaust temperature and the
higher the oil tank temperature. Moreover, the
turbine exhaust temperature of the same scheme at
1800 rpm is lower than that at 1500 rpm, while the
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Fig. 5. Fuel consumption at different engine speeds.

oil tank temperature is not lower than at 1500 rpm.
The obtained results show that the lowest and the
highest turbine exhaust temperature are achieved
for Case 1 and Case 3, respectively. Under the same
working condition, the turbine exhaust temperature
in the two schemes is about 30 °C~50 °C. The
turbine exhaust temperature of Case 2 is between
the two, and the cooling efficiency at a low torque
is higher than that of high torque. It is observed that
the turbocharger is equipped with a water-cooling
turbine case and water-cooling exhaust pipe, which
can greatly reduce the exhaust temperature.

3.3 Fuel Consumption

Fuel consumption rate is an important index to
compare the economy of different engines. In this
regard, it is intended to compare the engine
performance under three cases in terms of fuel
consumption, so the economy of the three cases can
also be compared in terms of fuel consumption.
Figure 5 shows the relationship between engine
torque and fuel consumption and consumption rate
at different rated speeds.

It is observed that the engine torque is in direct

proportion to the fuel consumption. The higher the
applied torque, the higher the fuel consumption.
Moreover, the higher the engine speed, the greater
the fuel consumption. At the maximum power and
torque, the maximum torque can be achieved from
Case 3, and the fuel consumption of Case 3 is the
same in Case 2 at 1500 rpm and Case 1 at 1800 rpm.
Figure 5 indicates that the engine torque is inversely
proportional to the fuel consumption rate. The
greater the torque, the smaller the fuel consumption
rate. When the applied torque varies within the
range of 1500 N-M to 4000 N-M, the fuel
consumption rate is gentle. When the engine runs at
a low torque, the fuel consumption rate increases
rapidly.

When the engine torque is set to 750 N-M, the fuel
consumption rate in the three schemes changes
significantly. At an engine speed of 1500 rpm, the
highest fuel consumption rate is achieved from Case
1, where the fuel consumption is about 2.5 kg/h
higher and the fuel consumption rate is about 15
g/(kW-h) higher than that of Case 2 and Case 3.
When the speed engine is set to 1800 rpm, the
highest fuel consumption is obtained from Case 3,
where the fuel consumption is about 2 kg/h  higher
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Table 4 Parameters at maximum power in the loading characteristic test.

Case 1 Case 2 Case 3
Parameters 1500 1800 1500 1800 1500 1800
rpm rpm rpm rpm rpm rpm
Maximum power/kW 618.4 705.9 620.7 703.5 650.6 723.1
Fuel consumption rate at maximum | 5n38 | 2037 | 2049 | 2051 | 1964 | 199.4
power/ g/(kW-h)
Smoke at maximum power/FSN 1.60 1.02 1.17 1.01 0.72 0.68
Turbine exhaust temperalture at maxi- 392 334 418 350 424 357
mum power /°C

and the fuel consumption rate is about 13 g/(kW-h)
higher than that of Case 1 and Case 2.

The obtained results from loading characteristic tests
at different engine speeds are presented in Figs. 3
and 5, and the comparison is shown in Table 4. It is
found that there is a slight difference between the
maximum power and the fuel consumption rate at
the maximum power of Case 1 and Case 2.
Moreover, higher power and lower fuel
consumption rate can be achieved from Case 3,
indicating that the circulating cooling water removes
part of the generated heat. Meanwhile, it is observed
that most of the energy loss occurs in the exhaust
pipe. The smoke intensity of Case 1 exceeds 1.5
FSN, which is higher than the requirements of
China's engineering indicators. The exhaust
emission causes serious environmental pollution, but
among the studied cases, it has the lowest turbine
exhaust temperature. Although the smoke intensity
of Case 3 is the lowest, the turbine exhaust
temperature is high, resulting in a too high
temperature in the engine cabin. The smoke
intensity and turbine exhaust temperature of Case 2
is between those of Case 1 and Case 3.

3.4 Temperature and Pressure After the
Intercooler

Figure 6 shows the relationship between the engine
torque, temperature, and pressure after the
intercooler at different engine speeds.

It is observed that at 1500 rpm, the temperature after
the intercooler in the three cases is almost 32 °C.
Moreover, when the engine speed increases to 1800
rpm, the after intercooler temperature in Case 1 and
Case 2 is almost 36 °C, while the after intercooler
temperature in Case 3 varies between 29 °C and
33 °C, and it increases as the applied torque
increases. It is found that the after intercooler
pressure in the studied cases increases as the applied
torque increases. The after intercooler pressure in
Case 1 and Case 2 are close to each other, and the
highest after intercooler pressure is achieved from
Case 3, indicating that the compressor pressure ratio
in Case 3 is the highest.

3.5 Temperature of Circulating Cooling
Water at the Pipe Outlet

Figure 7 shows the relationship between engine

torque and temperature of circulating cooling water
at pipe outlet at different engine speeds. It is
observed that the turbocharger speed has a slight
effect on the temperature of the circulating cooling
water at the pipe outlet. Generally, the greater the
engine torque, the higher the turbine exhaust
temperature and the higher the outlet water
temperature of the circulating cooling water.
Temperatures of the circulating cooling water at the
pipe outlet in Case 1 and Case 2 are close, and both
are higher than that of Case 3, indicating that the
dissipated heats by the circulating cooling water of
Case 1 and Case 2 are almost the same, while the
heat dissipation is relatively low in Case 3.
Consequently, the highest turbocharger efficiency
and pressure ratio and the lowest fuel consumption
rate can be achieved from Case 3.

3.6 Temperature in the Engine Cabin

In order to cool the engine cabin, two fans are used
for ventilation. The rated power and flow rate of the
fans are 2.2 kW and 9000 m3/h, respectively. Fiure.
8 shows the temperature distribution in the engine
cabin of the three studied cases. It is observed that
the temperature in the cabin increases as the applied
engine torque increases. When the engine speed is
set to 1500 rpm, the cabin temperature is relatively
higher than that at 1800 rpm. Moreover, as the
engine torque increases, the temperature difference
between the two speeds increases. Among the three
cases, the lowest temperature in the engine cabin
can be achieved from Case 1. At an engine speed of
1500 rpm, the temperature in the engine cabin varies
within the range of 35.2 °C~ 45.3°C, while such
variation at 1800 rpm is in the range 35.5°C ~
41.1°C. For Case 2 and an engine speed of 1500 rpm
and 1800 rpm, variation of the temperature range in
the engine cabin is in the range 35.4°C~ 46.3°C and
35.9°C~ 43.1°C, respectively. The highest
temperature in the engine cabin is achieved from
Case 3, where the variation range of the engine
cabin at 1500 rpm and 1800 rpm, is 36.1°C~ 47.9°C
and 36.2°C~ 43.2°C, respectively. At 1500 rpm, the
temperature difference between Case 1 and Case 3
subjected to a torque of 2105 N'M is 3.2°C. When
the applied torque reaches 2630 N-M, the
temperature difference between the two cases is
maximized and reaches 3.4°C. Moreover, when the
torque approaches 2630 N-M, the temperature
difference between Case 1 and Case 2 is the largest
and approaches 2 °C.
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In order to reduce the temperature in the engine
cabin and improve the working environment of the
staff, three cases are considered in the present study,
and different indicators such as engine power,
exhaust smoke, and fuel consumption are
considered in this regard. The obtained results
demonstrate that the highest performance of the
exhaust device can be achieved from Case 2.

4, CONCLUSION

In the present study, the water cooling and
air-cooling exhaust devices of the turbocharger
were studied. Based on the obtained results, main
achievements can be summarized as follows:

(1) As the applied torque decreases, the smoke first
decreases then increases, and decreases finally. The
water-cooling turbine case and exhaust pipe will
increase the smoke. At the same speed, the greater
the engine torque, the higher the turbine exhaust
temperature and oil tank temperature. The
water-cooling turbine case and water-cooling
exhaust pipe in the turbocharger greatly reduce the
exhaust temperature.

(2) The engine torque is in direct proportion to the
fuel consumption. The greater the applied torque,
the greater the fuel consumption. Meanwhile, the
higher the engine speed, the greater the fuel
consumption. The engine torque is inversely
proportional to the fuel consumption rate. The
greater the applied torque, the smaller the fuel
consumption rate.

(3) At the rated speed, temperatures of the studied
cases after the intercooler are close. However, at
110% loading speed, temperatures of Case 1 and
Case 2 after intercooler with water cooling exhaust
device are close and higher than that in the
turbocharger with an air-cooling exhaust device.
After the intercooler, the pressure increases as the
applied torque increases, and a higher-pressure ratio
can be obtained from the air cooling exhaust device.

(4) The turbocharger speed has a negligible effect
on the outlet temperature of circulating cooling
water. The higher the engine torque, the higher the
turbine exhaust temperature, the higher the outlet
temperature of the circulating cooling water.
Moreover, the temperature in the engine cabin
increases.

Based on the performed analyses, parameters of the
exhaust device of air-cooled turbine and water
cooled exhaust pipe can be optimized to reduce the
temperature in the engine parts by up to 2°C,
thereby improving economic performance of the
engine, improving the working environment of the
staff, reducing emission indicators.
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