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Summary

Diesel Engine with its merits of high thermal efficiency, good fuel
efficiency, performance and durability is being widely used for automobile,
construction equipment, farm machine and industrial generator. Recently with
interest in environmental conservation and its rapid change of each country’s
environmental policy, we are in the point that requires the technological
development for clean environment by diminishing the emissions of pollutants
of particulate matter and NOx. Specially, many ways are being studied not to
lower the thermal efficiency of combustion but to diminish the emissions of
noxious gas, of which inter—cooler and turbocharger maximize the air intake
and improve its efficiency.

This paper based on this context experimented the use of air conditioner
used for the real automobile on summer time with its output(power) and the
change of exhaust gas(smoke) by automobile exhaust gas precise
inspection(Lug down 3mode).

We made a comparative analysis of output(power) and characteristics of
exhaust gas(smoke) either in injecting the forced cooling or not the way that
we put in action the diesel-used turbo charger inter—cooler automobile’s air
conditioner and connected some part of cooled air through interior evaporator
of inspiration line with its separate air conditioner line. We had its

experimental results as following.

1. When the air conditioner was on supercharging natural aspiration we
compared 1st grade with 4th grade that its average output(power) has been
reduced to 3.7%, and its average exhaust gas(smoke) has been increased to

18.4%.

2. When the aspiration line in supercharging natural aspiration was connected
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with the air conditioner line and supplied a forced cold wind, we compared
Ist grade with 4th grade that its average output(power) has been reduced to

3.1%, and its average exhaust gas(smoke) has been increased to 8.4%.

3. Both in cases that the air conditioner was on supercharging natural
aspiration and in supercharging natural aspiration in connection with the air
conditioner line and with a forced cold wind supplied, we made a mutual
comparison of 4th grade of air conditioner that its air intake temperature has
been reduced to 23T, maximum output(power) increased to 9.6% and

concentration of exhaust emission reduced to 42.8%.

As you've seen above, we knew that supplying a forced cold wind in
connection with air conditioner line to aspiration line in supercharging natural
aspiration results in the increased amount of compressed air supercharged, the
increased output through the improved combustion, and the reduced
concentration of exhaust emission. Also, we regard preventing the

turbocharger overheating as it would contribute to ensure its durability.
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Nomenclature

PM : Particulate matters
PAU : Power absorption unit
B/V : Ball valve
NOx : Nitrogen oxides
ACDT Coast-down measurement time (s)
cepT Coast-down computation time (s)
DIw Dynamometer inertia weight (kg)
Vi : Velocity when reducing from 45km/h to 35km/h (m/s)
Vi : Velocity when reducing from 75km/h to 65km/h (m/s)
IPS ] Indicated horsepower of arbitrary setting (ps)
PLPS : loss horsepower of arbitrary setting (ps)
Vs : 45km/h in the velocity (m/s)
Vs : 35km/h in the velocity (m/s)
ACDT,, : Actual coast-down time (s)
p Density (kg/mB)
Volume (m”)
M Mass (kg)
t Temperature (TC)
v, Volume of gas at temperature t'C (m?)
v, Volume of gas at temperature 0C (m®)
T Absolute temperature (K)
P, Compensation power (PS)
P, : Measurement power (PS)
K A standard state revised numerical value
f, : Air-fuel ratio coefficient
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~N N3

o~

Atmospheric pressure (kPa)

Atmospheric coefficient

Driving force (N)

Driving velocity of the roller chassis dynamometer (km/h)
Efficiency of power transmission

Smoke concentration
Light transmittance
Brightness of receiving (cd)

Brightness of emitting (cd)
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Table 2.1 Specifications of test vehicle

Item Content
Type 4 Cylinders
Fuel injection type IDI (Indirect injection)
Displacement 2,476¢cc
Maximum torque 23kg-m/2,000rpm
Maximum power 95PS/4,200rpm
Bore x Stroke 91.Imm * 95mm
Compression ratio 21 1
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(D Camera for shooting before-through inspection@ Sensory tester(LAN)

@ Exhaust gas collector @ Opacity meter

® 5 GAS Gauge and Chamber ® Engine cooling blow fan
(@ Main control room(LLAN) Driving supporter monitor
© Coolant and Oil collecting tank @ RPM meter & Chamber
@ Chassis dynamometer @ Reclaimed gas collector
@ Anchor-belt ring for vehicle safety 1 Sensory test pit

Fig. 2.1 Automotive inspection system
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Table 2.2 Specification of chassis dynamometer

General Lift beam
Nominal voltage 220V 50/60 Hz Construction one piece
Nominal current 20A Operation Pneumatic
Fuse protection 20A Slow Compressed air 6~10 bar
Axle load 5,500 kg Eddy-current Brake
Number of coils
Max. wheel pow 373KW 8
ASM
Max. tractive force 6,667N Max. current coil 2.0A
Roller set Voltage per coil 96V
200km/h Mechanical
Test speed 907+18kg
(124mph) flywheel mass
Roller diameter 217.5mm(8.6 in) Drive
Roller axle center ) Three-phase
_ 444mm(17.5 in) 2.5A
separation motor
Driving direction bi—directional Power 2.2KW
Operating .
1.7~43.3C Speed max. 50 km/h
temperature
Roller surface power—coated Weighing system
Weighing range \ 362~2,122kg
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Photo. 2.1 Chassis dynamometer
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\

Braking Braking
power power
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power

Rotating

plate

Rotating

axle

Fig. 2.2 Conceptual diagram of operation in an eddy current type braking

equipment
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Table 2.3 Specification of opacity meter

Item Specification
Model CSM-2500
Operating voltage AC 220V (50/60 Hz)
Operating temperature -10~40C
Humidity 0~90%

Warm-up time

< 3 minutes

Dimensions

40Wx17.3D*26.3H cm

Weight

8 kg

Measuring technology

Partial flow opacity meter

Port RS232C
Resolution 0~99.9% (0.1%)
Display Hand terminal (LCD)*PC controller
Effective path length 215 mm
Light source Green LED (565 mm)
Detector Photodiode

Photo. 2.3 Opacity meter

Collection @ jeju
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Fig. 2.3 Operating circuit of opacity meter
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UHE (An extra monitor)
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Photo. 2.7 Smoke inhalation equipment

(4) 7 Yz-8 %% 7](Engine cooling blow fan)
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Photo. 2.9 Safety devices
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Photo. 3.2 Test result of turn on the air conditioner 1 step(Ball valve open)
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Photo. 3.4 Test result of turn on the air conditioner 2 step(Ball valve open)
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Photo. 3.6 Test result of turn on the air conditioner 3 step(Ball valve open)
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Photo. 3.8 Test result of turn on the air conditioner 4 step(Ball valve open)
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Table 3.1 Average test result of power and smoke when turn on the air

conditioner
Blower speed
step(s) Item Ball valve close | Ball valve open
Smoke(%) 43.3 32.0
! Power(ps) 61.6 63.3
Smoke(%) 50.0 32.0
’ Power(ps) 61.6 63.6
Smoke(%) 52.0 32.6
’ Power(ps) 61.0 65.3
Smoke(%) 51.3 29.3
! Power(ps) 59.3 65.3
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Fig. 3.1 Average power of turn on the air conditioner to blower speed steps
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Fig. 3.2 Average smoke of turn on the air conditioner to blower speed steps
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Table. 3.2 Test result of power and smoke when turn on the air conditioner

Blower speed
Item Ball valve close | Ball valve open
step(s)

1 Mode 42 32

I Smoke(%) 2 Mode 45 33

3 Mode 43 31

Max power(ps) 63 64

1 Mode 51 33

5 Smoke(%) 2 Mode 49 32

3 Mode 50 31

Max power(ps) 64 66

1 Mode 51 35

3 Smoke(%) 2 Mode 53 33

3 Mode 52 30

Max power(ps) 63 66

1 Mode 49 29

4 Smoke(%) 2 Mode 49 32

3 Mode 56 27

Max power(ps) 62 68
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Photo. 3.9 Test result of temperature variation

Table. 3.3 Intake air temperature variation of turn on the air conditioner to

blower speed steps

Collection @ jeju

Temperature(C)
Blower speed step(s)
Ball valve close Ball valve open
1 90 83
2 92 82
3 95 79
4 98 75
—_ 45 —_




1

== (lose ball valve
==0pen ball valve

A

I=]

79} “Eeln 7

3

blower speed steps
ATEHAYE “HE g b7

Blower speed step(s)
ol A7

Gl

T

0]
pul

1l

HoEs uj
o ¢

=
A
I=]

=

120 7
100

=]
(=]

7l &

20 -

Fig. 3.5 Intake air temperature variation of turn on the air conditioner to

arL
o

{D)aunieaadma)

o] A

=
=

Mo

g o]®m

-

o
ok

=

EE)

3

o A A 2

<
B

e

7kl FH vl An) &5 =9

=

EE_:]]Q <)

Ao

AA oz

=

FHE
o

]‘;]_‘5)76)718)

™
vAO

o]

e

el

R

+

—

O

N

el

4
)

_46_

Collection @ jeju

DINEEE!



Mo

%

X

X

ﬁo
B

i

To!
oF
el

ﬁo
B

Al et

-
U

o] A Fo] &7

7§

] dHZHS} H57]=

o

el
o

el
o
Mo
o
.F_H

)

719

a3l

44

down 3mode) S =

.F_H

el

A= 2] oo

=R

s

5 A8

Odds

ol
TH

-—

il

Pyl
!

B

—~
fite)

X
i)

B

el
el
wjr
B

0

=K

ol

ol

\.—_mﬂo

At

mf e 18.4% 57}

Ho

tol AA= W

B

Mo

Fo} A=

Mo
el

Ho

_47_

Collection @ jeju



T

A

_48_

Collection @ jeju



Abstract

A Study on Characteristics of Power and Smoke by
Improvement of Suction Air Line when the Air
Conditioner using in Turbocharger Inter—cooler

diesel engine

Hoon Pyeon

Department of Mechanical Engineering
Graduate School of Industrial

Jeju National University

Supervised by Professor Ki—-Rin Kwon

In the case of turbocharger inter—cooled vehicles which uses diesel as fuel,
some cooled air is manually suppled in the suction system through the

evaporator and then the power (output) and smoke characteristics are analyzed.

1. If the air conditioner is turned on during normal driving, and a comparison
is made between first step and fourth step, the power(output) decreases by
3.7% and smoke increases by 18.4% at the fourth step.

2. If the air conditioner is turned on when a separate line is connected to the
suction air system, and a comparison 1s made between first step and fourth
step, the power(output) increases by 3.1%6 and smoke reduces by 8.4%.

3. Through these two experiments in the suction air system, which works by
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connecting a separate air line, the temperature of suction reduces by 23C and
the power(output) increases up to 9.6%6. moreover, emission levels reduces by
up to 42.8%.

it's expected that it will be helpful for durability guarantee the turbocharger, and
Average of the power is increased because of being good at burning state by treated
the enough air due to be raised up to the air density into intake line overly. And then
raised up to the air density, it is expected that will be increasing power that was good

at burning state and will decrease the smoke.
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