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ABSTRACT

This thesis is about the calculations and researches of the improved coolant system of turbocharged gasoline
engine, it introduces the basic concept of gasoline engine’s turbo technology, and shows the detailed information
and parameters of 486 turbocharged gasoline engine, established the formulas of the Otto cycle and its relevant
parameters, emphasized to analyze the influences of the intake air temperature on the engine’s Otto cycle. The
effects of the turbo gasoline intake temperature mainly contains 2 points: the outlet temperature of the turbo and
the temperature decline effect of the coolant system; This thesis compares the effects of gasoline’s Otto Cycle
which configures or not with a middle cooler, utilized a thermal dynamics calculation method to research,
calculate and analysis the parameters of the turbocharged engine’s Otto cycle, the results are corresponding with
the experiment(the thermal balance experiment), the property indices are included circulate thermal efficiency,
exergy efficiency and average valid pressure. Through the contrasts and analysis, it obviously shows that, with
the middle coolant, it has an advantage in the average valid pressure, intake temperature, and exergy efficiency.
Absolutely it is necessary and efficient configured with middle coolant on the turbocharged gasoline engine.
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INTRODUCTION

The maximum power that can be provided by a gasoline engine is mainly determined by the heat released by the
effective combustion of the fuel in the cylinder. The pressurization system allows the air to be compressed before
entering the cylinder, increasing its density. Under the same cylinder working volume, it has more new air to enter
the cylinder, which can increase the circulating heat absorption, that is, the oil supply, and obtain larger output
power[1][2].

Basic concept of gasoline engine turbo technology

Gasoline engine supercharging technology is now quite mature, and with the continuous improvement of the
automobile manufacturing industry, many high-performance gasoline engines are currently using supercharging
technology. Generally speaking, the turbocharged power can be increased by 40-60% or more than the original
machine, and the fuel economy and the average effective pressure can be improved, which is an effective way to
strengthen the gasoline engine.

STRUCTURES AND PRINCIPLES OF GASOLINE ENGINE TURBOCHARGER COOLING
SYSTEM
486 turbocharged gasoline engine overviews:

The development of the gasoline engine was carried out on the 486 turbocharged gasoline engine [2]. The relevant
parameters of the gasoline engine are shown in Table 1:
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Table 1 Relevant parameters of 486 turbocharged gasoline engine

MAodel 486 Turbocharged Gaszoline
Type 4 Cylinder 16V, DOHC
Turbocharged (hiddle
Coolant) Multiple zequential
injection: 1-3-4-1
Ezthaust Volurme 1.993L
Turbocharzad ratio 1.75:1
Cwlinder Dhamater =
B Travel 36 B
Eated Power’

Speed 125/5000

_ (Klpm)

Maxmmum Mat Torque/Spead 150/2000-4000
(o)
Low Spaed Torque AR
(1500rpm) 200N
External charactenstic
mmimum fuel consrmption L= ]
rate
Comprasz Batio g.5:1

Related with the table above, The turbocharger is an exhaust turbocharger system [2]: the compressor is co axially
connected with the turbine to form a turbocharger, and the turbine is driven by the exhaust energy to drive the
compressor to work to achieve intake boost. The gasoline engine exhaust turbocharger system includes [3]:
compressor, turbocharger, (middle cooler) and other components.

Turbocharger Coolant System

Turbocharger coolant system consists of the following aspects: mainly including cooling water pipes: connecting
water jackets and superchargers; air-cooled middle coolers, superchargers, etc. In Figure 1 is an middle cooler and
Figure 2 shows a turbocharger [4][5][6].

IMiddle Cooler]

Figure 1. Middle Cooler

Air Intake

Figure2. Turbocharger
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Equipped with a middle cooler, the high-temperature gas is cooled before being injected into the cylinder, and the
high-temperature and high-pressure air is dispersed into many small pipes, and the high-temperature air flows
through the normal temperature outside the pipe to achieve the purpose of cooling and improve the charging
efficiency [7].

METHOD OF THE RESEARCHES ON THE INFLUENCES OF THE INTAKE AIR TEMPERATURE
ON THE OTTO CYCLE

The Otto cycle refers to the ideal reversible cycle of constant volume heating of a gasoline engine: an irreversible
constant volume heat release, a reversible constant volume heat absorption and an ideal inner reversible cycle
composed of two degenerative processes. The intake air temperature has a fairly direct impact on the Otto cycle
of the gasoline engine. The maximum torque of the gasoline engine is the maximum torque speed, the natural
inhalation temperature is 290K, 17°C, without the middle cooler, the temperature of the pressurized air can reach
77°C, that is 350K, and in the case of equipment middle cooler, The intake air temperature can be reduced by
30°C, that is 47°C, 320K.Details are shown in table 2[8].

Basic Formulas
(1) Cycle Heat Efficiency
---4Only for Otto Cycle Q)

nt =TT
gC

(2) Average Valid Pressure of the Cycle

P 1Qs ( 1 ) @
P, CVTa k-1 gc_l

(3) Exergy and Exergy Efficiency
Heat Exergy in Heat Absorption Capacity Q, : e 0=Qz—-a,,= (1_L)QB =Q, —T,As, (3)
X, n, T

im

Average Temperature of Heat Absorption:

Qe
==t )
im ASl
Exergy Efficiency:
w
nex — net (5)
€0

Among: €, , - Heat Exergy, ki/kg; @, - Heat Anergy, ki/kg; T, - Average Temperature of Heat Absorption,
K; Qg - Cycle Heat Absorption Capacity, kJ/kg ; T0 - Environment Temperature, K; AS, - Entropy Increase
during Heat Absorption Process, kJ/(kg.K); W, -Efficient Exergy(Cycle Work), kJ/kg ;

Exergy Loss:
i= Tosg = To (Asz + Aso) = To (_Asl + %) = Qz —d 0= Qz _TOAsl (6)
0

Among them: i-Exergy Loss, ki/kg ; S, -Entropy Generation, kJ/(kg.K) ; AS, - Environment Entropy Increase

during Exothermic Process, kJ/(kg.K) ; Q, -Cycle Heat Release, kJ/kg ; AS, -Entropy Increase during
Exothermic Process, kJ/(kg.K)

RESULTS OF THE RESEARCHES ON THE INFLUENCES OF THE INTAKE AIR
TEMPERATURE ON THE OTTO CYCLE

Boundary Conditions And Research Results

Table 2 is the air intake temperature condition.
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Table 2 Air Intake Condition

Intake Temperature Temp. before Temp. after

Turbocharzed Turbocharged

without hiiddle Cooler 290K 350K

with Middle Cooler 290K 320K

The article mainly researches and analysis the cycle heat efficiency, cycle average valid pressure and exergy
efficiency in the Otto cycle with and without middle cooler.

Figure 3 and figure 4 show p-v and T-s charts of the Otto cycle, among them, the number with a >’ refers to be
with a middle coolant, without a <> refers to be without one. Thus, it will lead the air charging efficiency increase,

at the same time, acquire larger output power.

There are several relevant parameters below:

Compression ratio€,=8.5 @)
Constant Entropy index: K =1.4 (8)
¢, =0.718kJ / (kg[K) 9)

c, =1.005kJ / (kg[K) (10)
Without middle cooler, point 1 state:

p, =1.75bar (11)

T, =350K (12)

With middle cooler, point 1 state:

p, '=1.75bar (13)

T, '=320K (14)

Highest pressure:

p, = p, ' =80bar (15)

Comment: 1—1" Entropy Increase:

As, =c, IR In P =1.oo5|n(@j = ~0.09kJ / (kg'K) <0
T Py 350 (16)
Therefore, 1—1’ Entropy Increase is minus value, point 1’ is at the left down side in T-s chart(Figure 3).

P

() v
Figure 3. p-v chart of Otto cycle
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Figure 4. T-s chart of Otto cycle

From formula (2) could be concluded that the cycle heat efficiency 7,is only related to the compression ratio &,
so the cycle heat efficiency is equal whether the middle cooler is configured. Substituting data, 77, =57.5% (18)

Calculation of the Cycle Heat absorption Q,
1—2 constant entropy process, Tzvz'“f1 :Tava’“’1 (19)
k-1
Then, T,=T.e, (20)

Substitute relevant data, T, =824K  (21)
Through p2V2K — paVaK (22)

Substitute relevant data,

P, =P, = P,&" =35bar @)
23 reversible constant volume =~ Pz _ Pz (24)
T3 T2

Substitute relevant data , T, =1883K (25)

T,'=1721K (26)
Q;=¢,(T,-T,)=0. 718x (1883—724) =760.4kJ / kg @7

=¢,(T,"-T,)=0.718x (1721—-753) = 695.0kJ / kg
(28)

Cycle average valid pressure
Substitute relevant data to formula (2),
P = 8.63bar (29)

p,'=8.73bar > p (30)
It is worth mentioning that in the theoretical calculation, the average valid pressure of the,cycle is equal whether

or not equipped with an middle cooler; but in actual experiments, the intake air temperature will rise due to the
absence of the middle cooler, and the time will cause the intake pipe seal softened, the intake seal will be not tight,
and a small amount of gas is leaked, resulting in the average valid pressure  of the cycle kging lower than the
average valid pressure  of the cycle equipped with the middle cooler. The specific experimental conditions can
be referred to the reference [8][9].

3—4 constant entropy process,

k-1 _ k-1
TV, 7 =T\,

(31)
k-1 (32)
1
T, [_j
gC
T, =800K
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Substitute relevant data, (33)
T,'=731K (34)
Heat Release,
Q, =c¢, (T, —T,) = 0.718x (850 — 350) = 323.1kJ / kg (35)
=¢,(T,'-T,")=0.718x(731-320) = 295.1kJ / kg (36)
Efficient Exergy,
=Qz —Q, =760.4—323.1=437.3kJ / kg 37)
=Q;'-Q,'=695.0—-295.1=399.9kJ / kg (38)

Entropy Increase durlng Heat Absorptlon Process:

A523:cvlnT—+R In— 0.718In %2 — 0718In(1:28j) 0.593k] / (kg K) = As

2 TZ

(39)
Heat Anergy in Heat Absorption Capacity:

a, o =TS, =290x0.593=172.0k /kg =2, ,"

Heat Exergy 1 Ggat Abgospi60Capdci3.0 = 588kJ / kg
€0 =Qs'—a,,'=6950-172.0=523kJ / kg (41)

(40)

(42)
Average Temperature of Heat Absorption:
Q, 7604
= =1282K
™= As,, 0593 Eﬁ;
= QB _8950 4175k
As,, 0.593
Exergy Efficiency:
LW 399.9
=1L =——=76.46% 45
e, o 523 (49)
e:%:4373_74370/ (46)
* e, 983

The above situation is inner reversible; however, the system's constant heat release process is irreversible: its
average exothermic temperature T, is larger than the ambient temperature T, , and there will be an exergy loss,
the same below.

Exergy Loss:
i=T,s, =Q,~a,,=3231-1720=1511k) / kg (47)
i —Ts =Q,-a,,'=2951-172.0=1231kJ /kg ~ (48)

Table 3 is the contrast of the Otto cycle research results, under Otto cycle, in addition to the lifting compression
ratio g, all the measures to improve the theoretical cycle thermal efficiency  of thejgasoline engine, and increase
the inlet pressure  of the gycle starting point, reduce the intake air temperature , and infiprove the charging
efficiency are all beneficial to the increase of the cycle average effective pressure , the effigiency of the exergy
and the outplfjeE power.

In addition, the turbocharged gasoline engine equipped with an middle cooler has an intake air temperature and a
circulating average valid pressure and exergy efficiency also have certain advantages.

Table 3. Contrasts of research results of Otto cycle

Middle Thermal Heat Average | Exergy
coolant Efficiency | absorption | valid p. | Efficiency
N 57,5% 760.4kJ/kg | 8.63bar | 74.37%
Y 57.5% 695.0kJ/kg | 8.73bar | 76.46%

Experiment Comparison
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Table 4 shows the contrasts of the calculation results and the experiment result, through the thermal balance
experiment, the basic data is corresponding with each other, it can be concluded that the calculation method and
results are convincing and corresponding basically.

Table 4. Comparison of the calculation results and thermal balance results

Parameter(rated Calculatio | Experime | Error
speed) n nt Rate
Intake Pressure 1.75bar 1.85bar 20%
Outlet Pressure 1074mbar | 849mbar 15%
Water Intake Temp. 105°C 92.7°C 11%

Water Outlet Temp. 109.2°C 99.1°C 12%
Difference ~ Temp.
between Water inlet | 4.2°C 6.4°C 25%
and outlet

Through the table above, there are still some error rates between the calculation and experiment results, they’re
mainly caused from the situation of the experiment, however, the rates are basically within the limits of the
acceptance and reasonable, could be ignored[9].

Additional Introductions

The above are the effects and advantages of the middle cooler on the turbocharged gasoline engine; in addition to
the advantages of improving the power and economy of the gasoline engine, the turbocharging technology itself
also reflects:

1) The quality and design size of the turbocharger are relatively small compared with that of the gasoline engine.
When the turbocharged pressure can make the total mass and volume of the gasoline engine basically unchanged,
the output power is greatly improved, the power is increased, the specific power is The specific volume power is
greatly improved, which can reduce the cost per unit of power and enhance the utilization rate of materials;

2) Compared with naturally aspirated gasoline engines, the exhaust gas can be further expanded in the turbine to
reduce exhaust noise[10][11][12];

3) After the gasoline engine is turbocharged, it is beneficial to the power recovery under the condition of thin air
in the plateau, so that it can reach or approach the lower altitude performance, more stable, enhanced and efficient.

CONCLUSIONS

The concepts of the gasoline engine turbocharged system and the structure and working principle of the 486
turbocharged gasoline engine turbocharged system are introduced. The difference in structure and working
principle of the gasoline engine turbocharged system equipped with the middle cooler and without middle cooler
is after calculation and experimental research, the intake air temperature, exergy efficiency and average valid
pressure of the gasoline engine Otto cycle are obtained. The calculation and experimental results show correction
of the calculation process, and the middle cooler has the intake air temperature and the exergy efficiency.

And the average effective pressure has certain advantages; introduce the advantages of the gasoline engine
turbocharged system on all aspects of the gasoline engine;
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