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Abstract

Influence of the Nozzles in Intake Manifolds on

Performance and Exhausted Emission

Kim Man Jae
Advisor : Prof. Choi, Byung-Ky
Department of Mechanical Engineering,

Graduate school of Chosun University

Today, there are more than one car per household, and it has become an
indispensable necessity for our lives. However, the exhausted emissions after
burning on fossil-fueled vehicles have an adverse effect on the human body
which is polluting the atmosphere and causing many environmental problems.
Accordingly, countries are increasingly interested in environmental pollution
caused by automobile exhaust gas, and they are forcing regulations to be
tightened in exhaust gas. exhaust gas. In the EU, EURO 6 has been implemented
since 2014, which is more strengthened than the previous regulation on vehicle
emissions (EURO 1-5). Therefore, in this study, the nozzles were applied in order
to improve the flow performance of the intake manifold. First, the flow analysis
was performed on the intake manifold device using the nozzle. Based on the
analysis results, the experiment was performed at the best nozzle angle in order

to confirm whether the application of the nozzle affects the exhaust gas of the

- xii —

Collection @ chosun



automobile engine, the exhaust gas discharged from the engine was confirmed by
changing the engine speed in the no-load engine simulation system. After that,
we measured the engine power according to the application of the nozzle at the
chassis dynamometer with the gasoline vehicle of driven mileages 30,000 km and
180,000 km. Also, the effect of the nozzle was confirmed by measuring the
exhaust gas emitted from the vehicle in the ASM2525 mode, which is an actual
vehicle performance test mode.

As the results, the maximum air velocity in the intake manifold using the
nozzle was shown with decreasing tendency as the increasing nozzle angles (30° ,
45° and 60° ) at the engine rotating speed of 2000 rpm, 3000 rpm, 4000 rpm
respectively. And the maximum air velocity in the intake manifold inside was
shown at the nozzle angle of 30° . Also, the air velocity at nozzle diameter of
2.5 mm was shown higher than that of the nozzle diameter of 5 mm.

From the analysis results, the exhaust gas performance test was performed in
the engine simulator system based on the nozzle angle of 30 ° , which maximizes
the flow velocity of the air. As the nozzle inlet speed increased, the HC exhaust
gas of nozzle diameters of 2.5 and 5 mm was decreased more than that of
non-nozzle by 60.1% and 51.7%, respectively. In the engine with a driven mileage
of 30,000 km. the CO exhaust gas of nozzle diameters of 2.5 and 5 mm was
decreased that of non-nozzle by 51% and 41.5%, respectively. And the NOx
exhaust gas was decreased that of non-nozzle by 81.4% and 69.3%, respectively.
As the nozzle inlet speed increased, the HC exhaust gas of nozzle diameters of
25 and 5 mm was decreased that of non-nozzle by 60.3% and 35.6%,
respectively, in the engine with a driven mileage of 180,000 km. And the CO
exhaust gas was decreased that of non-nozzle by 49.6% and 35.6%, respectively.
Also, the NOx exhaust gas of nozzle diameters of 2.5 and 5 mm was decreased
more than that of non-nozzle by 21.3% and 30.3%, respectively in the engine
with a driven mileage of 180,000 km. The application of the nozzle to the intake

manifold reduced HC, CO, and NOx emissions caused by incomplete combustion in
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a no-load engine system.

Accordingly, it was conducted experiments on engine output performance of
30,000 km and 180,000 km of vehicles. The engine output for nozzle diameters of
2.5 and 5 mm in a vehicle with a driven mileage of 30,000 km was improved by
6.5% and 4.7% respectively compared to the case without nozzle. The engine
output for nozzle diameters of 2.5 and 5 mm in a vehicle with a driven mileage
of 180,000 km was improved by 13.3% and 3.3%, respectively, compared to the
case without nozzle.

In order to confirm the influence of the exhaust gas of the vehicle applying
the nozzle on the intake manifold under the engine load condition, exhaust gas
was measured in the ASM2525 mode, which is a method of measuring the
exhaust gas of a gasoline vehicle. The HC exhaust gas of nozzle diameters of 2.5
and 5 mm was decreased than that of non-nozzle by 45.8% and 39.3%,
respectively, in the engine with a driven mileage of 30,000 km. And the CO
exhaust gas was decreased that of non-nozzle by 47.8% and 34.8%, respectively.
Also, the NOx exhaust gas of nozzle diameters of 2.5 and 5 mm was decreased
than that of non-nozzle by 71.9% and 53.8%, respectively, in the engine with a
driven mileage of 30,000 km. The HC exhaust gas of nozzle diameters of 2.5 and
5 mm was decreased than that of non-nozzle by 50.8% and 38.4%, respectively,
in the engine with a driven mileage of 180,000 km. And the CO exhaust gas was
decreased that of non-nozzle by 56.9% and 43.1%, respectively. Also, the NOx
exhaust gas of nozzle diameters of 2.5 and 5 mm was decreased than that of
non-nozzle by 34.4% and 27.1%, respectively, in the engine with a driven mileage
of 180,000 km. It was confirmed that the application of the nozzle improves the
output of the engine and drastically reduces harmful exhaust gases HC, CO, and
NOx.

— XIv —
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(a) Intake manifold modeling (b) Nozzle angle 30°

(c) Nozzle angle 45°> (d) Nozzle angle 60°

Fig. 2 Modeling of intake manifold using nozzles
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B gl AHg" F7] MiUZ == 2000 ccol 7H& Y AHES Jwto g MAA s o
o, 2t FP A AR 3 AS571 2000 rpm, 3000 rpm, 4000 rpm ¥ W, AFE=2}7F 2
&5 5 7|dko 2 40 km/h, 60 km/h, 80 km/h, 100 km/h, 120 km/hel] th3t 2}=F A
W EEE B 7o HEeAnh &8 e oA wEe S s

Zt%=E 30°, 45°, 60° = WHIAI|HA FEHAS FAFHH,
B AFoA H&3 a4 AL Table 1o JeERRSI

o=

el A NEAL fAe) GE AES MEOR k-e UF 2de Agsgon,
SEH WA oA BE BHAL o) §3te] AL QWS Aol 24
zre) 54 e (-9 go] AL 5 k. Sl 4] o] §8 md e FATHE Mesh

Mesh Fdol e sfxe] Ao Z JFFe Foh Skewness= 0.25 o],

Ao, 2(5)2} #Zo] £,

Table 1 Analysis conditions of intake manifold

[tem value
Working fluid Ideal gas(air)
Nozzle diameter (mm) 2.5, 5
Nozzle angle (° ) 30, 45, 60
Nozzle inlet velocity (km/h) 40, 60, 80, 100, 120
Engine speed (rpm) 2000, 3000, 4000
11 -
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-4 194 2] (Continuity equation)
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E‘f’ V(pU)—O (1)

-5 WA 2 (Momentum equation)

a(pU) n
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o714 7= S HHE A (Stress tensor)o] ™ ol e} o] HHS 4 Ut
T=U VU-i—(VU)T—%dV - U 3)

-of| 4 # WA 2 (Energy equation)

a<phtot) ap
T_ E‘f’v . (pUhtot) (4)

=V eAeVD+V « (Uen+U-« S,;+5,

-WHF &% o9 A (Turbulent Kinetic energy, TKE)
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(d) Intake manifold using ®5 nozzle

(c) Intake manifold using ®2.5 nozzle

Fig. 3 Photographs of manufactured nozzles & mounted on intake manifold
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Fig. 4 Photograph of engine simulator system
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Table 2. Specification of gasoline engines

Item

30,000 km engine

180,000 km engine

Model
Displacement (cc)
Number of cylinder

Cam shaft type

Series DOHC Theta?2
1,998
4

DOHC (4 Valve)

Series DOHC Theta?2
1998
4

DOHC (4 Valve)

Compression ratio 10.5+£0.3 : 1 10.5+0.3 : 1
Inside diameter (mm) 86 86
Stroke (mm) 86 86
Idle (rpm) 700£100 700100
Steps of ignition 1-3-4-2 1-3-4-2
Ignition time BTDC 6° +£5° BTDC 7° £5°
— 15 —
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&7t e 543871 fstel QROTECH ARe] QRO-401 A2 AHIE ARE
3t%Th QRO-4012 HIE&4bA el w2l& % CO, HC, CO2 Non Dispersive
InfraRed(¥] E4FA 9] A1) #2418 02 2 NOx + Electrochemical(#7]3}sh) b2l S
Agste] AT  AEF TFAH Utk Fig. 5ol & AF-ollA A& QRO-401

=74 Anle] ARRE Yell o™, Table 39 wi&E7tx =4 vl 4
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FYZE LA, & F Bol FAMAE LA B4 FHsE shx
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o
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Fig. 5 Photograph of emission measure equipment-QRO-401
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Table 3. Specification of emission measure equipments

Description Specification
Model QRO-401
CO 0.00~9.99% vol
HC 0.00~9,999 ppm
Range
NOx 0.00~5,000 ppm
CO» 0.00~25.00% vol
CO +0.01% vol
Accurac HC =1 ppm
Hracy NOx +1 ppm
CO +0.1%vol
Method of . L
CO/MHC Non-dispersive infrared rays
measurement
Response 90% response with in 10 sec

Gas In

Power Light emitting J/ ‘

supply area Sensing sensor

«

P— |
’:®—\

A/D converter

Control circuit

Gas out

CPU

Fig. 6 NDIR Principle

4 Cathode f Electrolyte " Anode

Fig. 7 Principle of electrochemical method
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A 3 A AFA AN A S A

# G HAEA

&

B ATNME =29 #go] AFAe FHE of
317] $lstel AlAthel b WELE AZle] 4& ZYSAUh Fig. 8ol A4 thelut
W ulete] APAAL Uehion], Table o AATHOIFR wieke] AAAGL
e Sie,

AATeIGR HEbs AEake] wiHle] AR Y& shskel dAl m2e] AER

B4 20 ARFOEA A AFAE FAT 2AFAM AFT 5 A
RE Aotk F2 Wiwd dul 24 Aol wylzkz Z4lE Chassis

dynamo Single-Roll, Cradle-Roll (twin-roll), In-line, MIM o2 FA= o ot =
gAY Avle= 2= viFd AR HEFSeE Rolleri#3 ACEE|ZF EX)5ta

AC BEE F5317] 93 Power control fieldZlB1R)7} Uttt AFES o] &35+

a7 e Ahad AC RH 4L Aol & & AT 2F AAS ol&ao]
A% 4HE =UH" @ & ok

Table 4. Specifications of the chassis dynamometer (CCD HD, ASM-P)

Description Specification
Structure Integral type
Lifter Operation method Pneumatic type
Pressure air 6 ~ 10 bar
Maximum speed 200 km/h
Roller set Roller Diameter 217.5 mm
Roller surface Powder coating
Operational voltage 220V or 380V 50/60 Hz
General term  (perational current 16A
Allowable load 5,500 kg
Maximum power 500 PS
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Fig 8. Photograph of chassis dynamo measurement equipment
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Preheating mode Idling mode ASM2525 mode

CO, HC, A L 25 , CO, HC, NOx

Vehicle Speed (km/h)
8

40 _ 60 _ %

Time (sec)

Fig 9. Gasoline and gas vehicle exhaust gas test method(ASM2525)

Table 5 Non-load test conditions

Item value
Nozzle diameter (mm) 25,5
Nozzle angle (° ) 30
Nozzle inlet velocity (km/h) 40, 60, 80, 100
Engine speed (rpm) 2000, 3000, 4000

Table 6 Load test conditions

Item value
Nozzle diameter (mm) 2.5, 5
Nozzle angle (° ) 30
Nozzle inlet velocity (km/h) 40, 60, 80, 100
Measurement exhaust gas HC, CO, NOx
— 9] —
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Fig. 10 Maximum air velocity according to nozzle angle with the engine rotating

Maxmium air velocity (m/s)

50

5® nozzle angle (engine speed 2000 rpm)

[ 1300 45° = 60° .

40 7.
" =
30 = =
- V— = =
= 7 — = =
20 — = % % =
| = | = = | = | B
0 T E T E T T E T E T E

Non-use 40 60 80 100 120

Nozzle inlet velocity (km/h)

speed of 2000 rpm in nozzle diameter 5 mm

Table 7 Maximum air velocity data according to nozzle angle with the engine

rotating speed of 2000 rpm in nozzle diameter 5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 22.0333 m/s 22.0333 m/s 22.0333 m/s
40 24.8641 m/s 24.6312 m/s 24.5894 m/s
60 24.9885 m/s 24.7845 m/s 24.6862 m/s
80 25.0997 m/s 24.8577 m/s 24.7641 m/s
100 25.2388 m/s 24.9142 m/s 24.8224 m/s
120 25.2956 m/s 24.9492 m/s 24.8718 m/s
— 94 —
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-~ 5® nozzle angle (engine speed 2000 rpm) —
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Fig. 11 Turbulence kinetic energy according to nozzle angle with the engine

rotating speed of 2000 rpm in nozzle diameter 5 mm

Table 8 Turbulence kinetic energy data according to nozzle angle with the engine

rotating speed of 2000 rpm in nozzle diameter 5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 2.25949 m?/s’ 2.25949 m?/s’ 2.25949 m?/s’
40 41,0848 m?/s? 52.5911 m?/s’ 58.551 m?/s?
60 45.4865 m?/s® 57.5317 m?/s’ 61.8358 m?/s’
80 59.5993 m?/s’ 73.0408 m°?/s’ 73.1427 m?/s’
100 64.9858 m?/s’ 83.7308 m?/s’ 96.4216 m?/s’
120 75.1896 m?/s’ 99.5411 m?/s’ 128.159 m?/s’
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Fig. 12 Outlet maximum air velocity according to nozzle angle with the engine

28
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rotating speed of 2000 rpm in nozzle diameter 5 mm

Table 9 Outlet maximum air velocity data according to nozzle angle with the

T
120

engine rotating speed of 2000 rpm in nozzle diameter 5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 22.0333 m/s 22.0333 m/s 22.0333 m/s
40 22.2179 m/s 22.2147 m/s 22.2163 m/s
60 22.3178 m/s 22.314 m/s 22.3183 m/s
80 22.4019 m/s 22.3979 m/s 22.3962 m/s
100 22.504 m/s 22.4997 m/s 22.4967 m/s
120 22.5902 m/s 22.5866 m/s 22.5815 m/s
— 926 —
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2. 3000 rpm 34 A3}
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Fig. 13 Maximum air velocity according to nozzle angle with the engine rotating
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Table 10 Maximum air velocity data according to nozzle angle with the engine

rotating speed of 3000 rpm in nozzle diameter 5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 46.7026 m/s 46.7026 m/s 46.7026 m/s
40 55.4964 m/s 55.0224 m/s 54.5352 m/s
60 55.6904 m/s 55.4611 m/s 54.0257 m/s
80 56.0398 m/s 55.9683 m/s 53.5033 m/s
100 56.6695 m/s 56.6058 m/s 53.4122 m/s
120 57.2522 m/s 57.1928 m/s 53.3812 m/s
— 929 —
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Fig. 14 Turbulence kinetic energy according to nozzle angle with the engine

rotating speed of 3000 rpm in nozzle diameter 5 mm

Table 11 Turbulence Kkinetic energy data according to nozzle angle with the engine

rotating speed of 3000 rpm in nozzle diameter 5 mm

Nozzle angle(® )
Nozzle inlet 30 45 60
velocity (km/h)
Non-use 4.66949 m?/s? 4.66949 m?/s’ 4.66949 m?/s?
40 164.059 m?/s’ 174.349 m?/s? 228.324 m’/s’
60 175.968 m?/s? 186.313 m%/s? 230.216 m?/s’
80 195.405 m?/s’ 206.491 m?%/s’ 255.811 m%/s’
100 205.082 m¥/s’ 215.771 m?/s? 278.734 m?/s’
120 219.42 m?/s? 246.446 m’/s’ 289.981 m’/s’
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Fig. 15 Outlet maximum air velocity according to nozzle angle with the engine
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Table 12 Outlet maximum air velocity data according to nozzle angle with the

f
120

engine rotating speed of 3000 rpm in nozzle diameter 5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 46.7026 m/s 46.7026 m/s 46.7026 m/s
40 50.844 m/s 50.4352 m/s 50.3209 m/s
60 50.9983 m/s 50.5318 m/s 50.4124 m/s
80 51.137 m/s 50.621 m/s 50.5282 m/s
100 51.2827 m/s 50.7053 m/s 50.6614 m/s
120 51.3778 m/s 50.8213 m/s 50.7577 m/s
~ 3] —
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Fig. 16 Maximum air velocity according to nozzle angle with the engine rotating

speed of 4000 rpm in nozzle diameter 5 mm

Table 13 Maximum air velocity data according to nozzle angle with the engine

rotating speed of 4000 rpm in nozzle diameter 5 mm

Nozzle angle(® )
Nozzle inlet 30 45 60
velocity (km/h)
Non-use 70.1959 m/s 70.1959 m/s 70.1959 m/s
40 83.4976 m/s 83.4123 m/s 80.2406 m/s
60 83.6029 m/s 83.4763 m/s 80.7195 m/s
80 83.6711 m/s 83.6331 m/s 81.2998 m/s
100 84.1619 m/s 84.0002 m/s 81.6587 m/s
120 84.6549 m/s 84.3992 m/s 82.0871 m/s
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— 5® nozzle angle (engine speed 4000 rpm)
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Fig. 17 Turbulence kinetic energy according to nozzle angle with the engine

rotating speed of 4000 rpm in nozzle diameter 5 mm

Table 14 Turbulence Kkinetic energy data according to nozzle angle with the engine

rotating speed of 4000 rpm in nozzle diameter 5 mm

Nozzle angle(® )
Nozzle inlet 30 45 60
velocity (km/h)
Non-use 8.65949 m?/s’ 8.65949 m?%/s? 8.65949 m?/s’
40 421.007 m?/s® 468.633 m’/s’ 601.554 m’/s’
60 421.341 m?/s? 480.822 m?/s’ 604.729 m?/s’
80 443.106 m?/s 488.206 m’/s’ 608.811 m?/s’
100 468.233 m?/s? 505.508 m?/s? 625.613 m%/s’
120 536.36 m%/s? 572.918 m?/s’ 635.367 m?/s’
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Fig. 18 Outlet maximum air velocity according to nozzle angle with the engine
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Table 15 Outlet maximum air velocity data according to nozzle angle with the

engine rotating speed of 4000 rpm in nozzle diameter 5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 70.1959 m/s 70.1959 m/s 70.1959 m/s
40 76.0374 m/s 75.386 m/s 75.2128 m/s
60 76.0545 m/s 75.5229 m/s 75.3694 m/s
80 76.2007 m/s 75.6418 m/s 75.4864 m/s
100 76.3878 m/s 75.7805 m/s 75.7 m/s
120 76.5114 m/s 75.8822 m/s 75.8 m/s
— 35 —
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Fig. 19 Maximum air velocity according to nozzle angle with the engine rotating
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Table 16 Maximum air velocity data according to nozzle angle with the engine

T
120

rotating speed of 2000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 22.0333 m/s 22.0333 m/s 22.0333 m/s
40 26.2037 m/s 25.914 m/s 25.8086 m/s
60 26.7801 m/s 26.1597 m/s 25.8677 m/s
80 31.3383 m/s 31.3314 m/s 31.3087 m/s
100 39.178 m/s 39.0816 m/s 39.0699 m/s
120 45.5971 m/s 45.5518 m/s 45.422 m/s
— 38 —
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Fig. 20 Turbulence kinetic energy according to nozzle angle with the engine

rotating speed of 2000 rpm in nozzle diameter 2.5 mm

Table 17 Turbulence Kkinetic energy data according to nozzle angle with the engine

rotating speed of 2000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )
Nozzle inlet 30 45 60
velocity (km/h)
Non-use 2.25949 m?/s’ 2.25949 m?%/s? 2.25949 m?/s’
40 46.4922 m?/s? 43.4291 m?/s’ 59.3681 m’/s’
60 46.562 m?/s? 50.9338 m%/s? 64.9955 m?/s’
80 47.7213 m?/s® 67.7177 m?/s’ 89.2776 m?/s’
100 62.4141 m¥s’ 92.8762 m?/s? 124.178 m?/s?
120 75.4468 m?/s’ 113.009 m?/s? 152.572 m?/s?
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Fig. 21 Outlet maximum air velocity according to nozzle angle with the engine
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Table 18 Outlet maximum air velocity data according to nozzle angle with the

1L 130°] 45° = 60°
= e 2|72 | 7A
7= B= = / = / = : =
Non-use 40 60 80 100 120

engine rotating speed of 2000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 22.0333 m/s 22.0333 m/s 22.0333 m/s
40 25.4921 m/s 25.3795 m/s 25.3542 m/s
60 25.509 m/s 25.3944 m/s 25.384 m/s
80 25.5182 m/s 25.4122 m/s 25.3966 m/s
100 25.5279 m/s 25.4381 m/s 25.3975 m/s
120 25.5232 m/s 25.4543 m/s 25.4065 m/s
— 40 —
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Fig. 22 Maximum air velocity according to nozzle angle with the engine rotating
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Table 19 Maximum air velocity data according to nozzle angle with the engine

rotating speed of 3000 rpm in nozzle diameter 2.5 mm

74kl wet 30° o =

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 46.7026 m/s 46.7026 m/s 46.7026 m/s
40 57.0055 m/s 56.9404 m/s 56.3643 m/s
60 57.2202 m/s 57.033 m/s 56.9031 m/s
80 57.2925 m/s 57.193 m/s 57.0438 m/s
100 57.4305 m/s 57.3456 m/s 57.2484 m/s
120 57.6738 m/s 57.568 m/s 57.4318 m/s
— 49 —
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Fig. 23 Turbulence kinetic energy according to nozzle angle with the engine

rotating speed of 3000 rpm in nozzle diameter 2.5 mm

Table 20 Turbulence Kkinetic energy data according to nozzle angle with the engine

rotating speed of 3000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )
Nozzle inlet 30 45 60
velocity (km/h)
Non-use 4.66949 m?%/s® 4.66949 m?/s® 4.66949 m’/s’
40 173.449 m?/s’ 219.165 m?/s’ 226.264 m’/s’
60 173.495 m?/s’ 219.465 m?/s’ 228.115 m%/s?
80 180.896 m?/s’ 227.123 m’/s’ 227.658 m?/s’
100 188.226 m%/s? 246.334 m%s’ 246.338 m%/s?
120 239.285 m?/s’ 275.203 m?/s’ 275.262 m’/s’
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Fig. 24 Outlet air maximum air velocity according to nozzle angle with the engine
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Table 21 Outlet air maximum air velocity data according to nozzle angle with the

T
120

engine rotating speed of 3000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 46.7026 m/s 46.7026 m/s 46.7026 m/s
40 51.1804 m/s 51.0127 m/s 50.9832 m/s
60 51.3308 m/s 51.1815 m/s 51.1294 m/s
80 51.471 m/s 51.21 m/s 51.1191 m/s
100 51.5776 m/s 51.224 m/s 51.1208 m/s
120 51.7678 m/s 51.2255 m/s 51.1559 m/s
— 44 —
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Nozzle inlet velocity (km/h)
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velocity according to nozzle angle with the engine rotating

Table 22 Maximum air velocity data according to nozzle angle with the engine

rotating speed of 4000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 70.1959 m/s 70.1959 m/s 70.1959 m/s
40 84.50792 m/s 83.4934 m/s 80.2645 m/s
60 84.42555 m/s 83.4759 m/s 80.8054 m/s
80 84.63332 m/s 83.4368 m/s 82.3567 m/s
100 85.18381 m/s 84.1606 m/s 82.88358 m/s
120 85.67922 m/s 84.9249 m/s 83.47207 m/s
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Fig. 26 Turbulence kinetic energy according to nozzle angle with the engine

rotating speed of 4000 rpm in nozzle diameter 2.5 mm

Table 23 Turbulence Kkinetic energy data according to nozzle angle with the engine

rotating speed of 4000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )
Nozzle inlet 30 45 60
velocity (km/h)
Non-use 8.65949 m°?/s’ 8.65949 m?/s’ 8.65949 m?/s’
40 432.95 m?%/s? 522.194 m%s’®  697.11556 m?/s’
60 454.949 m?%/s* 582.437 m?/s®  737.47468 m?/s’
80 473.833 m?/s? 639.821 m%s®  788.36983 m?/s’
100 541.671 m?/s’ 666.273 m¥s’®  797.04892 m?/s’
120 606.34 m%/s’ 713.204 m?/s®  844.85474 m?/s’
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Fig. 27 Outlet maximum air velocity according to nozzle angle with the engine

rotating speed of 4000 rpm in nozzle diameter 2.5 mm

Table 24 Outlet maximum air velocity data according to nozzle angle with the

engine rotating speed of 4000 rpm in nozzle diameter 2.5 mm

Nozzle angle(® )

Nozzle inlet 30 45 60
velocity (km/h)
Non-use 70.1959 m/s 70.1959 m/s 70.1959 m/s
40 76.38877 m/s 75.68189 m/s 75.46792 m/s
60 76.69831 m/s 75.81754 m/s 75.60441 m/s
80 77.07701 m/s 75.93607 m/s 75.64365 m/s
100 77.16254 m/s 76.07475 m/s 75.8595 m/s
120 77.39434 m/s 76.17505 m/s 76.0359 m/s
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Nozzle diameter (engine speed 2000 rpm, angle 30°)
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Fig. 28 Maximum air velocity in the intake manifold with the nozzle diameter as

the engine rotating speed of 2000 rpm
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Fig. 29 Outlet average air velocity in the intake manifold with the nozzle diameter

as the engine rotating speed of 2000 rpm
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2. 3000 rpmoll A 34 A3} HlnL
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Nozzle diameter (engine speed 3000 rpm, angle 30°)
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Fig. 30 Maximum air velocity in the intake manifold with the nozzle diameter as

the engine rotating speed of 3000 rpm
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Fig. 31 Outlet average air velocity in the intake manifold with the nozzle diameter

as the engine rotating speed of 3000 rpm
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Fig. 32 Maximum air velocity in the intake manifold with the nozzle diameter as

the engine rotating speed of 4000 rpm
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Fig. 33 Outlet average air velocity in the intake manifold with the nozzle diameter

as the engine rotating speed of 4000 rpm
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1. HC wj&7}12
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Fig. 34 Variation of HC according to nozzle diameter of engine that driven of
30,000 km in the non-load condition
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Fig. 35 Variation of HC according to nozzle diameter of engine that driven of

180,000 km in the non-load condition
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Fig. 36 Variation of CO according to nozzle diameter of engine that driven of

30,000 km in the non-load condition

0.4
Nozzle diameter chagne(vehicle mileage 180,000 km)
[ ] Nozzle D=5¢ /] Nozzle D=2.5®
0.3
77
-
o 0.2
© 7%
7 7%

0.1 /

0.0 . . . .
Non-use 40 60 80 100
Nozzle inlet velocity (km/h)

Fig. 37 Variation of CO according to nozzle diameter of engine that driven of

180,000 km in the non-load condition
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Fig. 38 Variation of NOx according to nozzle diameter of engine that driven of

30,000 km in the non-load condition
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Fig. 39 Variation of NOx according to nozzle diameter of engine that driven of

180,000 km in the non-load condition

Collection @ chosun



Ab5HE AN &9 B

F71 MYEES =359 HE&L Fist AW AxdA =g Aol ot
TAE = HCSE CO wi&7t=E AT oldl weh F37e] 3%t kmob 18%t
km AE2ke] Ax 28 45 AP FAHA

Fig. 402 =59 2 &0 & +3

7
AsE Uehd Aol wZo| 2 gHx

ERgth =29 T &=} 60 kmY W) 7 ZHE 1286 PSE UEhgon
80 km/he] =& 4T FEAA Az 9L 1292 PSE A

ZAHNoH, mZ] Z“’éﬂﬂl Ge Wroh 6.5% FFHA
Fig. 412 xZ9 A& w2 33 Agl 18% kme A5x Az 28 A5 4
2 90.47 PSE YERG:

4 2A3E YEhd ot g0l FEHA @2 A9 =9
q

o
g
r
I\
(o3
»
o,
o
S
ol
e
£
N
(e)
=~
=]
o
r
N
o
-4
Ip
b
2
>

), 80 km/he] =2 T &EoA A Zg L 9325
km/hel =2 47 &EoA A HHL 9346 PSE ZAHHAC
A ekgkS wirg 33% FFEAT =29 AAo] 0259 w, 40 kme] =
oo R &He 91.8 PSE UEyth =29 dF
292 9971 PSE Uehsten, 80 kmhe =& 4T
101.09 PSZ Z=AHEJh =3k 100 km/hel =& 4T ESxoA A3 =
10248 PSE ZRHgom, wEo] AEH UYke Wurt 133% FAHAATL o]

t w2y #go] §7] MUBE R §5E F/A7M, 979 =geE 9

R

rlo

E

2 r
f

Collection @ chosun



S Azl AAYA7) W] 7

_EH
o

71 MU= 971E =Yshs

oz Amhd

Aok 2ey ®

AN Al =

Zlo] Za

I vl

oo

7z

3

3

7

ol A Hj

go
N

fite)

-

7z

]_
Z71& 7IHte 2 )

b},

S

1
fu

3

7220

=
=

Collection @ chosun



145
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Fig. 40 Comparison of the engine power according to nozzle diameter of engine
that driven 30,000 km
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Fig. 41 Comparison of the engine power according to nozzle diameter of engine
that driven 180,000 km
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1. HC wj&7}12
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ASM2525 Nozzle diameter chagne(vehicle mileage 30,000 km)
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Fig. 42 Variation of HC according to nozzle diameter of engine that driven of
30,000 km in the ASM?2525 mode
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Fig. 43 Variation of HC according to nozzle diameter of engine that driven of
180,000 km in the ASM2525 mode
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2. CO &7}
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Fig. 44 Variation of CO according to nozzle diameter of engine that driven of

30,000 km in the ASM?2525 mode
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Fig. 45 Variation of CO according to nozzle diameter of engine that driven of
180,000 km in the ASM?2525 mode
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3. NOx wj&7}&
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Fig. 46 Variation of NOx according to nozzle diameter of engine that driven of

30,000 km in the ASM?2525 mode
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Fig. 47 Variation of NOx according to nozzle diameter of engine that driven of
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