CHUONG 4: XAY DUNG MO HINH MO PHONG PONG CO
RCCI DUA TREN PONG CO AVL 5402

4.1 Co s¢ xay dung mo hinh

RCCI la déng co str dung hai nhién liéu, vi vay md hinh tinh todn mé phong sé xay
dung trén co s& ndy. Bang cach két hop mé hinh dong co phun diesel truc tiép va
dong co phun xing trén duong 6ng nap. Nhu vay, md hinh md phong dong co
RCCI s& dya trén mé hinh md phong dong co AVL 5402, diém khac nhau 1a viéc
thay d6i hé théng cung cap nhién liéu va diéu chinh mot sb thong sb vé nhién liéu.
4.1.1 M6 hinh hé théng phan phéi khi

Trong phan mém AVL Boost, hé thong phan phdi khi dugc md hinh hoéa thanh hé
thng dng, khdng thé hién cac xupap trén md hinh ma chi thé hién c6 nap bing céac
dng ndi (pipe). AVL Boost dua ra hai lua chon cho viéc md hinh héa mot dong co
nhiéu xupap :

M6t 6ng ndi duoc ndi vao mdi xupap (hinh 4.1, 4.2, bén trai): Trong hinh v&, c6 nap
va ¢b xa dugc mo hinh hoa bang hai dng ndi va mot chac néi. Bi véi chac ni nay,
md hinh nén dugc sir dung mot cach chuyén biét, khi ma md hinh &p suit tinh dan
tGi viec mat mét &p suit cao. Md hinh nay chi dugc yéu cau khi hai xupap cé dic
tinh thoi diém déong mo khéac nhau, hinh dang 6ng néi vai xupap khac nhau hoic khi
c6 mot hé thong ngat xupap duoc sir dung.

Tat ca xupap nap va xa dugc mé hinh hda bang mot 6ng ndi duy nhat (Hinh 4.1.,
4.2., bén phai). Lic nay, sb luong 6ng ndi dugc tinh bang viéc xac dinh hé sé dong
chay va hé sé ty Ié sao cho hiéu suit tong cua dong luu chat tinh trén dién tich mat
Cit cua tat ca cac xupap dat duogc. M6 hinh nay hay duoc sir dung hon do né yéu
cau it thanh phan hon va vi vay bét phuac tap va hiéu qua hon.

Céc hong khi s& duoc md hinh bang mdi mot dng ndi. Trong trudng hop mo hinh

dong co AVL 5402 RCCI, duong kinh ndm xupép cua xupéap nap la 24,9 mm. Tinh
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Hinh 4.1: M6 hinh dong co nhiéu xupap.

Ban than hé sé dong luu chat dugce xac dinh trong mot hop thoai xuat hién sau khi
vao muc Flow Coefficients. Cha y ring muc Flow Coefficients dugc xac dinh voi
chi mot ty 18 &p suat nhit dinh, ching s& duoc st dung doc 1ap véi ty 18 &p suat thuc
té tai mdi xupap.

T6m lai, hé théng phan phéi khi cho dong co AVL 5402 RCCI dwoc md hinh héa

nhu sau trong phan mém AVL Boost:

dp

dp &
/ \Juncuon Restriction

Hinh 4.2: M6 hinh hda hé thong phan phdi khi cho dong co AVL 5402 RCCI
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4.1.2 M0 hinh hé théng nhién liéu

Nguyén tic 1am viéc cua dong co Diesel 1a hinh thanh hdn hop nhién liéu va khong
khi bén trong budng chay. AVL Boost khéng mé hinh hda hé théng nhién liéu cua
dong co Diesel thanh mot phan ti cy thé ndo, ma bang cach diéu chinh né bang cac
thong sé théng qua cac md hinh chay va mé hinh truyén nhiét.

Trong trudng hop cua dong co RCCI ma nén tang 13 dong co Diesel AVL 5402
dugc bd sung thém hé thdng cung cip nhién liéu cho xiang. Nhu da noéi trong phan
Co s¢ ly thuyét, ta can bd tri kim phun xing trén duong 6ng nap dé viéc hoa tron
hén hop khi dién ra bén ngoai budng chay.

4.1.2.1 Ly thuyét mé hinh hoéa kim phun xing ciia AVL Boost

Dé tinh toan duogc ton that 4p suat cu thé 1a do hién twong dong chay da chidu ma
khéng thé du doan dugc bang phan mém, Boost yéu cau xac dinh céc thdng sé hé sb
lwu lugng dong chay cia kim phun xing. Hé s6 luu lwong nay 1a ty 1& gitta luu
lwong khéi luong thuc té va khdi lwong mat mat luu luong ding entropy tai 4p suat
khong ddi va véi cing ty 1é ap suat.

Injector

' Injector

Mass Flow Specification

@ General

@ Mass Flow " Ratio Control # Direct Control
@ Species Options

Flow Coefficients Ratio Controt

Ratio | 47 -

Injecior Modet:
-

Alr Flow taken from Measuring Point  [Measuring Point 1 =
The Injector Covers |100 % of ihe Total Air Flow
Direct Control

“  Mass/Cycle |=m_ga5 Kglcycle
T Mmass/Time P Kgls

Hinh 4.3: Thiét lap théng s6 cua kim phun xang.
Péi vai phan tir Injector, néu chon mo hinh Ratio Control thi lwong nhién liéu cung
cap dugc xac dinh bang ty 1& A/F va thdng sé tir cam bién luu luong khi nap tai
diém do (measuring point) duoc xac dinh (volumetric efficiency). Néu chon md

hinh Direct Control thi lugng nhién liéu duoc xac dinh truc tiép 1a khdi lugng nhién
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liéu trén mot chu ky (kg/cycle). Trong mé hinh dong co RCCI str dung mé hinh
Direct Control.

4.1.2.2 Piéu chinh céc théng sé hé théng nhién liéu cha md hinh déng co

RCCI:

Céc thong sé can phai diéu chinh bao gdm diéu chinh: Md hinh mé phong dong co
chay da nhién liéu, mé ctra s6 Simulation Control = General Species Setup.

C6 hai diéu can luu y khi thiét 1ap chung phan dong co RCCI: Thir nhat dé md hinh
hiéu sir dung 2 nhién liéu 13 xing va diesel thi bat bugc ta phai khai bao phan diesel,
xang trong Fuel Species Set dbi véi diesel 1a 0.999, xang 14 0.001. Luu y thi hai la
dbi voi AVL_Boost 2011 tht tu sap xép 1a diesel, gasoline, N,,0,. Nhung trong
AVL_Boost 2013thi thir ty nay phai 1 diesel, gasoline, O, ,N,, néu ta khdng chinh

theo thtr ty néu trén thi phan mém s& khdng chay duoc, bao I5i.

Simulation Control 5
B Simulation Tasks General Species Setup
@ Cycle Simulation
@At Species Set Homogenous Reaction Set
it . | Species | Key Chemistry
[YGeneral Species setup SRR BT <l
& Initialization 2 |GASOLINE | 2
vergence 3 N2 | 3
@ Restart Control 4 |02 | 4
@ Output Control 5 |n2 |+ 5
B FIRE/CF k ( = Al
@ Aftertreatment Analysis
B Linear Acoustics Insert Remove Insert Remove
B save Load Store Load Store
B8 Initialization
B User Defined Parameters
Fuel Species Set
= Mass Based Fractions  Volume Based Fractions
Fuel Species Mass Fraction Liquid Density
kgl
1_|DIESEL 0.999 Insert
2 |GASOLINE 0.001
5| - T Remove
4| Load
_s | Store

Hinh 4.4: Thiét lap m6 hinh dong co hai nhién liéu cho AVL_Boost 2011.

Trong phan chon mé hinh chay: Ta chon md hinh AVL_MCC, wu diém cia md
hinh nay 1a co6 thé thiét lap cac trudng hop mé phong kim phun diesel, thoi diém
phun diesel, sb lan phun diesel mot cach dé dang. Va quan trong nhat mé hinh nay
gan véi cac thiét 1ap cua nguoi ding hon cac mé hinh khac. Vi du md hinh Vibe c6
cac thong sé m, théng sé a, ma khi thiét 1ap mé hinh thi ta phai tim hiéu y nghia cac

thong sé nay, diéu nay ciing khong don gian.
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Simulation Control / Globals

4 Simulation Control
B Simulation Tasks
=B Cycle Simulation
=B Classic Species Setup

General Species Setup

Species Set Hol lenous Reaction Set
Air Humidity = : - .
B Initialization Species Key Chemistry
- B General Species Setup 1 |DIESEL ol i
B3 Initialization 2 |GASOLINE 2
B Convergence Control 3 |02 3
B Restart Control 4 |2 4
B Output Control 5 [H2 j 5
B FIRE/CFD Link Control - -
Aftertreatment Analysis
8 ¥ Insert Remove Insert Remove

-+ @ Linear Acoustics
E Save Load Store Load Store

B Initialization
E8 User Defined Parameters

Fuel Species Set
 Mass Based Fractions ¢ Volume Based Fractions

Fuel Species | Mass Fraction | Liquid Density |
kgims |
1 |DIESEL 0.999 Insert
2 |GASOLINE 0.001
= Remove
3
a4 Load
_ 5 | Store

Hinh 4.5: Thiét lap mo hinh dong co hai nhién liéu cho AVL_Boost 2013.

Ngoai ra, mot wu diém 16n cia md hinh AVL_MCC nita 1a mé hinh c6 kha ning
tinh duoc thoi gian phun, lwong phun diesel cua ting lan phun, diéu ma cac md
hinh khac khong 1am duogc, hoic 1a 1am duoc nhung khé dé ngudi dung tiép can.
Chon céch phan phéi nhién liéu vao xylanh bang cach chon phuong phap Fuel
Mass/ cycle, lugng nhién liéu trong mét chu ky.

= Identical Cylinders =

“ Cylinder =1 .
B General Combustion

ER Piston Motion
4B chamber Heat Release |AVL MCC Model ]

B8 User Defined Scavenge | _ -

5 [ Initialization I~ Vibe Parameter Fitting
SHP Condition Setting — Fuelling
= Combusmn
B Vibe &~  Fuel Mass / Cycle [8.9e-006 kg
=B Double Vibe T pF-pato =a2l_ratio [

Multiple Vibe

Multiple Vibe 2-Zone

Ed Table — Mixture Preparation

& Table 2-Zone & Internal ¢ External

Woschni//

Hires et al The Mixture Preparation setting defermines the treatment of in-cylinder
=B User Model evaporation and the local combustion excess air ratio development for
+-@ UD - High Pressure Cyclt 2-Zone combustion models (for details please refer to the Online Help).

B Constant Volume

Constant Pressure

B AVL MCC Model Fuel Temperature |E5 degC
5@ IRATE -
B Nozzle Flow Data .
B8 Pressure Data Evaporation Heal g

B8 Calculated ROI Heait from Wall [

B Normalized ROI
[E Experienced Users Inj

+- @ Vibe 2-Zone Ganeral Spaties
Target Pressure Curve - lil‘-lone = ‘
Target Pressure Curve 2, J
A - R Apply | Accept | Help |

Hinh 4.6: Thiét Iap md hinh AVL MCC cho cira s6 Combustion.

Thiét lap cac théng sé vé kim phun.
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Cylinder

S Cylinder
- B General
B Piston Motion
+ Chamber
B User Defined Scavenge |
- @ Initialization
SHP Condition Setting
- B Combustion
-+ Vibe
+ Double Vibe

-

AVL MCC Model

Physical Properties
Number of Injector Holes

l(_].‘l]" mm
I1 -l

800 bar

Hole Diameter
Discharge Coefmcient

Rail Pressure

Hinh 4.7: Thiét lap théng s6 cho md hinh AVL MCC.

Thiét 1ap s6 16 kim phun, duong kinh 15 kim phun, 4p suat phun. Céc thong sé nay

s& anh huong truc tiép dén su tinh toan thoi diém phun, lugng phun (tinh trong

Normalized ROI) sau nay.

Cylinder

-

H Cylinder =
- B General

E Piston Motion

IRATE

#—[E Chamber
Bl User Defined Scavenge |
-+ @ Initialization
B SHP Condition Setting

Fuel Density

8356 kg/m'3

- B Combustion
#—E Vibe
#—[E Double Vibe
A Multiple Vibe
B Multiple Vibe 2-Zone
E Table
E Table 2-Zone
B WoschnifAnisits
[@ Hires et al
- [@ User Model
=@ UD - High Pressure Cycle
@ Constant Volume
B Constant Pressure
- B AVL MCC Model

Delay -
Delay -
Delay -
Delay -

signalon |

Startts
Endte
Uptu

1
Down td F135 micros

Ignition Timing

Max. Needle Lift FE mm

u td

350 micros
F350 micros
58 micros

Signal OFF |

deg deg |

. B IAE

=on1

-57.6 Insert Row

B Nozzle Flow Data

-10

-37
Ramove Row

E8 Pressure Data

E8 Calculated ROI

Load

‘U\Jht\:l\)—l

B Normalized ROI

Store

B Experienced Users Inj
= [E Vibe 2-Zone
@ Target Pressure Curve
@ Target Pressure Curve Z’j
3

[

o |

Apply

| Accept | Help |

Hinh 4.8: Thiét lap thoi diém phun diesel.

Tat ca cac thiét 1ap nay déu anh hudng dén viéc tinh toan thoi diém phun, luong

phun trong Normalized ROI. Do d6, trong qua trinh thiét Iap phai thudng xuyén cap

nhat céc két qua & Normalized ROI dé c6 thé diéu chinh kip thoi.

Mot Iwu ¥ nira |4 thoi diém tin hiéu phun: Quan trong nhat 14 thoi diém tin hiéu on,

off lan phun dau tién, va tin hiéu on lan phun tha hai. Tin hiéu off 1an phun hai thuc

chat phan mém s& tu tinh toan, khdng hoan toan gidng nhu nguoi dung da thiét 1ap.
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Cylinder

St Cylinder =
5 @ General Nozzle Flow Data
Eg Piston Motion
=~ B Chamber Test Bed Conditions
B8 User Defined Scavenge |
ress 100
- @ Initialization ST ure =
SHP Condition Setting Oil Density 621.6 kg/m*3
-~ B Combustion
+- @ Vibe
-8 Doubie Vibe Needle Lift () | Volume Flow (Y) |
Mulfiple Vibe
N . mm m"3/s
B Multiple Vibe 2-Zone
B Table 1 |0 0 Insert Row
B Table 2-Zone 2 |0.05 1.611e-005 T
Woschni/Anisits 3 j01 2.07542e-005 —
Hires et al 4 |o1s 2.41463e-005 Load
=B User Model 5 o2 2 5582e-005 Store
o2} UD - High Pressure Cycl¢
Constant Volume 22005
Constant Pressure _— Volume Flow (m3/3)
- B AVL MCC Model 2.5e-005 7
= [ IRATE %'! sens ]
[EfNozzle Flow Data E
B8 Pressure Data 21.52005
B Calculated ROI E 1e005 ]
B Normalized ROI s
[ Experienced Users Inj 52006 -]
+ Vibe 2-Zone
B Target Pressure Curve o= T T T
o 0.08 01 0.156 0.z
Target Pressure Curve 2 _y . , TR EP—

Hinh 4.9: Khai bao 6 nang kim phun.

Trong phan khai bao d6 nang kim can luu ¥ khai bao dung don vi, 1a m hay 1a mm.
Khi khai béo dit liéu &p suat nang kim ciing vy, don vi 1a bar hay Pa. Néu khai bao
sai don vi thi ciing s& lam sai léch két qua.

“t Cylinder
-1~ B General
B8 Piston Motion
[} Chamber
B User Defined Scavenge | Crank Angle () | Pressure (Y) |
=~ @ Initialization deg bar
SHP Condition Setting -360 39024 3 e
=~ B Combustion -350 3.924
=B Vibe 358 3821
+ Double Vibe 357 3717 Load

Multiple Vibe 356 3614 ~|  Sstore

Multiple Vibe 2-Zone
Pressure (bar)

Pressure Data

Remove Row

‘U’\LO-‘IN—‘

Eg Table
Eg Table 2-Zone
Woschni/Anisits
Hires et al
User Model
#—[E UD - High Pressure Cycl¢
Constant Volume
Constant Pressure e
=B AVL MCC Model
- B IRATE
B Nozzle Flow Data T T T T T

T
==}Pressure Data 280 -270 -120 -0 o =0 180 270 380

8 Calculated ROl Ze Andeited)

53

Prassure (bar)

s 8 &5 8 2 8 B Z
| IPEETS IFENIFS VIS AVIT AR AT AT AT A |

Hinh 4.10: Khai bao dit liéu ap suat nang kim.

Diéu chinh lugng nhién liéu diesel va xing trong cira so6 Case Explorer. Sau khi

khai bao dy du céc thong sé phan mém yéu cau, phan mém s& tién hanh tinh toan.
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Néu tinh toan duoc s& théng béo bén gdc phai “Calculation successful”, néu khdng

tinh toan dugc s€ thong bao “Calculation failed”.

File Edit Insert Group Extras Run Help

BrXosdol M
Model Default I
= Mang  Mdiedl R e mo St
- ko ] deg “ |
o Casel 2.89%-6 1.49e-5 171 75 085  completed
Case2 8.895e-6 8.895e-6 171 75 085  completed

Hinh 4.11: Thiét lap thay doi cac thong s6 md phong nhiéu truong hop

Céc thong sd dau vao dé phan mém tinh toan bao gém: Khdi luong diesel duoc

phun vao trong mét chu ky, sb 16 kim phun, duong kinh kim phun, ap suat duong

dng, @6 tré cua kim, d6 nang kim, ap suat kim.. .

Mot Iuu ¥ quan trong nita 12 c&c thiét 1ap cua nguoi dung sau khi phan mém tinh

toan s& sai khac so voi dy tinh ban dau cua nguoi ding. Do d6, dé dam bao tinh

chinh xac ngudi ding can phai tra bang két qua Normalized ROI.

“ Cylinder =1
- B General
B Piston Motion
+ Chamber
B8 User Defined Scavenge |
--@ Initialization

Calculated normalized ROI

CRA (X)

NormROI (Y)

deg

1/deg

SHP Condition Setting

- B Combustion

+

]

Vibe

Double Vibe
Multiple Vibe
Multiple Vibe 2-Zone
E8 Table

E8 Table 2-Zone
Woschni/Anisits
Hires et al

User Model

UD - High Pressure Cycle
Constant Volume

=

-89

-54.9

-84.8

847

o (4= L |

546

(=R =R == =]

Calculation successfull

il Store

A

Constant Pressure

@ AVL MCC Model

- B IRATE
[E Nozzle Flow Data
B8 Pressure Data

=[Calculated ROI

0.18 5
0.16 5
0145
Fo.124
z ]
= 0.1
30.03—:
E q
So.08
004

0.025
o T

NormROl (1/deg)

Hinh 4.12: Két qua tinh toan phun diesel.

Pé tinh toan duoc luong phun cua ting lan phun AVL cung cap mot file excel

Irate_estimation.xls cho nguoi dung tinh toan. Tuy nhién, viéc tinh toan nay ciing

can phai c6 mot s6 luu y.
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IR-ATE needle lift [m]

Estimation of Fuelling

(required input values in black)

Engine Speed [rpm] 2400 ‘j \

Rail Pressure [bar] 1500 \

fuel density [kg/m3] 836 | —reese

max. needle lift [m] 1.50E-04 \ \

Delay - Start ts [s] 3.00E-04 ] ‘\ j \ ] \
Delay - End te [s] 3.50E-04

Delay - Up tu [s] 3.00E-04 / ‘l ::::l \ / \
Delay - Down td [s] 2.00E-04 l \ l U \
Est. Tot. Inj. Fuelmass 0.000132954 kg R fmeEem s WEL e 1as

Hinh 4.13: Phan tinh toan d6 nang kim phun trong file Irate_estimation.xIs.

Estimation of Fuelling -
(required input values in black) Fuel Mass Flow [kg/deg]
Engine Speed [rpm] 2400 R

Rail Pressure [bar] 1500 / \

fuel density [kg/m3] 836 /\ \
max. needle lift [m] 1.50E-04 ! ::::::{ !ﬂ
Delay - Start ts [s] 3.00E-04 o

Delay - End te [s] 3.50E-04 1

Delay - Up tu [s] 3.00E-04 !

Delay - Down td [s] 2.00E-04

Est. Tot. Inj. Fuelmass 0.000132954 kg l I '

Hinh 4.14: Phan tinh toan luu luong phun trong file Irate_estimation.xIs.

Néu ngudi dung sir dung file excel 1am co so dé tinh khéi lugng phun, tic 1a nhap
cac thong so theo nhu hudng dan trong file excel, tir d6 1ay két qua (khbi lugng cho
mdi 1an phun 1a bao nhiéu, khdi lugng phun tong cong la bao nhiéu) roi nhap nguoc
lai phan mém Boost, két qua 12 phan mém sé& béo 15i hoic két qua khéng chinh xéc.
Bai vi file excel chi tinh todn dua trén cac théng s6: Toc do dong co, ap suat duong
6ng, mat do nhién liéu, d6 nang kim, ap suat nang kim, do tré kim, thoi diém phun.
Trong khi d6 & phan mém, ngoai cac thong sb trén phan mém con dua trén duong
kinh kim, s6 15 kim phun, khéi lugng nhién liéu phun.

Nén phuong phap chinh xac hon la: Ta nhap tong lugng phun vao phan Fuel

mass/cycle, tat nhién 1a da thiét lap day du cac théng so, sau d6 cho phan mém tinh
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toan. Sau khi tinh toan, phan mém s& xuat ra file Normalized ROI, tir két qua tir
bang nay ta nhap nguoc lai file excel dé tinh phan tram 1an phun diesel thir nhat, thi

hai. Ttr phan trim nay ta tinh duoc khdi lugng cua tirng lan phun.

4.2 Thiét 1ap lwong nhién liéu dung cho md phéng

Do nhiét tri ctia nhién liéu diesel va xang khac nhau do d6 can phai thiét lap ty Ié
lwong nhién liéu quy ddi giita diesel va xing dé cho luong ning lugng cung cip dau
vao gidng nhau ddi véi cac trudng hop md phong giita dong co Diesel va dong co
RCCI. Pay la co sé cho viéc thiét lap luong nhién liéu ding trong mé phong.

Nhiét tri cua diesel 1a 42500 kJ/kg. Nhiét tri cua xang la 43500 kl/kg

Cach quy ddi tir 35 mm® diesel nhu sau:

35 mm® diesel>35. 10 lit diesel ©>35. 10° x0.857>2.995. 10®° kg diesel. Luong
diesel nay quy d6i ra ning luong 13 twong duong 2.995. 10° x 42500=1.273 kJ.
Tuong duong voi mic ning luwong 1.273 kJ ndy khdi luwong xing s& la:
1.273/43500=2.926. 10 Kkg. Vay mudn ldy 10% xang thi ta chi can ldy 10% cua
phan khéi luong 2.926. 10° kg.

Tur @6, luwong nhién liéu gitra diesel va xang trong cac truong hop md phong duoc
quy d6i nhu sau:

Bang 4.1: Khéi luong nhién lidu diesel va xing dya trén ty 16 phan trim cua xing

Khdi lvgng | Phan | Ning | Khéi luong | Phan | Nang | Tong khdi | Tong
xang (kg) | tram | luong | diesel (kg) | tram | lwong | luong (kg) | nang

xang | cua diesel cua lugng
(%) | xang (%) | diesel (kJ)
(kJ) (kJ)

1.463.10° | 5% |0.063]2.845.10° | 95% | 1.209 |2.9917.10° | 1.272

2.926.10° | 10% | 0.127 | 2.695.10° | 90% | 1.145 |2.9876.10° | 1.272

5.852. 10° | 20% | 0.254 | 2.396. 10° | 80% | 1.018 |2.9812.10> | 1.272

8.778.10° | 30% | 0.382 | 2.0965. 10° | 70% | 0.891 |2.9743.10> | 1.272

1.1704. 10 | 40% | 0.509 | 1.797.10° | 60% | 0.764 |2.9674.10° | 1.272

1.463.10° | 50% | 0.636 | 1.4975.10° | 50% | 0.636 |2.9605.10° | 1.272

1.7556. 10° | 60% | 0.764 | 1.198.10° | 40% | 0.509 |2.9536.10° | 1.272

2.0482.10° | 70% | 0.891 |8.985.10° | 30% | 0.382 |2.9467.10° | 1.272

2.3408. 10> | 80% | 1.018 |5.99. 10° 20% | 0.254 |2.9398.10° | 1.272

2.6334.10° | 90% | 1.145 |2.995.10° | 10% | 0.127 |2.9329.10° | 1.272
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4.3 Mo hinh djng co RCCI
Sau khi da thiét 1ap céc thdng sb cho qua trinh md phong, tién hanh mé phong dong

co RCCI theo md hinh sau.

MPa MPa oo

Hinh 4.15: M6 hinh dong co RCCI dung cho md phong trong AVL Boost.

M6 hinh bao gém: M6t bo loc gi6 (CL1); mot dong co (E1); mot xylanh (C1); mot
kim phun xing (I1); mét binh 6n &p (PL1); chin diém do (MP); hai diém diéu kién
dauvao (SB); bén phan tir can dong (R); chin doan ong ndi (1,2..9).

Sau khi x@y dung mé hinh RCCI, ta kiém tra tinh chinh xac caa mé hinh RCCI,
dong co RCCI c6 hoat dong nhu dong co diesel truyén théng khi khdng ap tng
dung céng nghé RCCI hay khong, bang cach khéng cho phun xdng, chi cho phun
diesel giéng nhu dong co AVL 5402 & cung diéu kién.

Két qua trén hinh 4.16 cho thay mo hinh dong co RCCI van cd kha ning chay nhu
mot dong co diesel truyén thong. Va ciing chiing t6 mé hinh RCCI da thiét lap la

chinh xac.
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Hinh 4.16: So sanh &p suat mé hinh RCCI véi md hinh AVL_5402.

4.4 M6 phéng cong nghé RCCI vao dong co AVL 5402 hién hanh
4.4.1 Mé phéng mé hinh déng co RCCI phun xing, phun diesel mét lin

(RCCI_1)
Mo hinh dong co RCCI dugc cho chay phun xing, phun diesel mét lan (két qua
xem phan phu luc).
Trong céac truong hop md phong trén ta chon ra trudng hop tdi vu nhét (truong hop
phun 5% xang) dé so sanh véi dong co AVL 5402 truyén thong. Ta dat tén cho
dong co nay 1a RCCI 1. Truong hop dong co RCCI 1 ¢ ap sut cuc dai tai 9 do
sau DCT, nén ta s& d6i chiéu bang 3.7 dé tim ra trudng hop cua dong co AVL 5402
c6 ap suat cyc dai 1a truong hop 14.

Bang 4.2: Cac thong s dau vao cho md hinh dong co RCCI_1 (case2)

Kiéu dong co RCCI 1
Tbc d6 dong co (v/p) 2000
Tong luong xing st dung (kg/cycle) 1.463. 10 (chiém 5%)
Tong luong diesel st dung (kg/cycle) 2.845. 10™(chiém 95%)
Tong nang luong cung cap (kd/cycle) 1.272
Thoi diém phun diesel (deg) -11
Thoi diém phun xing (deg) Phun khi xupap nap mo
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Ty sO nén ¢ 17,1
Ap suat phun Diesel (bar) 800
Ap suat dudng nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét d¢ khi nap (d6 C) 24,85
Ty s6 AIF (-) 16.82
Ty 16 EGR (%) 0
Thoi diém xupap nap mo (deg) 304.88
Thoi diém xupap nap dong (deg) 633.12
Thoi diém xupap xa mo (deg) 80.88
Thoi diém xupéap xa dong (deg) 425.12

Bang 4.3: Cac thong s6 dau vao cho md hinh dong co Diesel AVL_5402 (casel4)

Kiéu dong co Diesel
Thoi diém phun diesel (deg) -13
Toc do dong co (v/p) 2000
Téng lugng nhién liéu sir dung (kg/cycle) 2.995.10
Tong ning luong cung cap (kd/cycle) 1.272
Ty s6 nén ¢ 17,1
Ap suat phun Diesel (bar) 800
Ap suat duong nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét d6 khi nap (d6 C) 24,85
Ty s6 AIF (-) 16.85
Ty 18 EGR (%) 0
Thoi diém xupap nap mo (deg) 304.88
Thoi diém xupap nap dong (deg) 633.12
Thoi diém xupap xa mé (deg) 80.88
Thoi diém xupap xa dong (deg) 425.12
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Bang 4.4: So sanh dong co RCCI 1 véi dong co AVL 5402.

STT 1 2
Loai dong co RCCI_1 AVL_5402
Thoi diém phun diesel (deg) -11 -13
CA4c thong so6 vé hiéu suat lam viéc ciia dong co
IMEP (bar) 8.990 9.096
BMEP (bar) 7.153 7.259
Suat tiéu hao nhién liéu (g/kwh) 294.63 232.49
Hiéu suat (%) 35.88 36.18
CA4c thong so vé khi thai
NOX (g/kWh) 5.117 10.813
Soot (g/kWh) 1.601 3.950
Cé4c thong s6 vé qua trinh chay
Thoi diém bit dau chay (deg) -4.5 -6.50
Khoang thoi gian chay (deg) 132.50 134.50
Ap suit cyc dai (bar) 71.22 70.96
Tai GQTK (deg) 9.00 9.00
Do gia tang ap suét (bar/deg) 4.13 3.57
Tai GQTK (deg) 1.50 0.00
Nhiét d6 cuc dai (K) 1923.36 1987.90
Tai GQTK (deg) 24.50 24.00
Nhiét do chay (K) 2656.16 2694.11
Tai GQTK (deg) 4.50 3.00
Can bang khai lweng nhién ligu
Tong khoi lugng nhién liéu phun 0.02845 0.029995
truc tiép (g)
Luu luong khoi luong phun xing 0.0015 0
(g/cycle)
Can bang niing lweng
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Nang luong nhién ligu (kJ) 1.27984 1.27353
Nang lugng duoc giai phong (kJ) 1.23906 1.27353

CA4c thong s6 chuan tai thoi diém bit dau dat 4p suit cao (SHP)
Ap suat (bar) 1.222 1.166
Nhiét do (K) 373.40 374.08
Luu lugng khéng khi (g/s) 8.332 8.389
Luu Iugng nhién li¢u (g/s) 0.498 0.500
Ty 1é A/F (khi chay) 16.82 16.85
Hé s6 du lugng khdng khi 1.1087 1.1461

CA4c thong so trao déi khi
Tong khdi lwong tai SHP (g) 0.5187 0.5222
Tong khoi lugng khdng khi trong 0.5028 0.5055
xylanh tai SHP (g)
Ton that thanh nhiét (wall heat losses)
Tong ton that thanh nhiét (kJ) -0.3688 -0.40456
Tong ton that thanh nhiét ¢ &p suat -0.3239 -0.34910
cao (kJ)
Tong ton that thanh nhiét khac (kJ) -0.2882 -0.3150
Cé4c thong so tai xupap xa
Ap suit (bar) 4.21 4.36
Nhiét do (K) 1244.05 1293.90
Hé s6 A/F (tai xupap xa) 16.45 16.70
Ty 1¢ khéi luong san pham chay 0.92955 0.98745
Ty 18 khoi lwong cua nhién liéu 0.002952 0.000449
Cé4c thong so két qua dong co

Momen chi thi (Nm) 36.54 36.97
Cong suat chi thi (kW) 7.65 7.74
M6men ton that (Nm) 7.47 7.47
Cong suat ton that (kW) 1.56 1.56
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Mdmen c6 ich (Nm) 29.07 29.50
Cong suat co ich (kW) 6.09 6.18

Phan tich théng sé cong suat, mémen

Thoi diém bt dau chay & dong co RCCI 1 tré hon thoi diém bat dau chay ¢ dong
co AVL 5402 nén khoang thoi gian chdy ¢ dong co 5402 ciing dai hon.

Mic di vay, dong co RCCI 1 dat &p suat cuc dai lon hon dong co 5402 nhung hiéu
suat dong co RCCI 1 lai nho hon do phan ning luong dugc giai phong thap. Diéu
nay c6 thé do su khéng ddng nhat nhién liéu sir dung, dong co AVL 5402 sir dung

100% diesel, con dong co RCCI 1 sir dung 95% diesel, 5% xang.
30 7
] - 6.9
- 6.8
B Momen (Nm) - 6.7
Cong suat - 6.6
6.5
- 6.4
- 6.3
- 6.2
- 6.1

25 -

20

15

Momen (Nm)
Cong suit (kW)

10

RCCI 1 AVL 5402

Loaidong co
Hinh 4.17: B4 thi cng suat, mémen dong co RCCI 1 va déng co AVL 5402.
Phan tich cac théng sé vé khi thai
Pong co RCCI_1 c6 thanh phan khi thai NOx thap béi vi c6 nhiét do cuc dai buong
chay thap hon (1923.36K so véi 1987.90K). Clng véi nhiét do tai ving chay cua
dong co RCCI_1 thip hon (2656.16K so véi 2694.11K).
Soot ¢ truong hop RCCI 1 it hon vi qua trinh chay dién ra tét hon, ap suét cuc dai

dat & ciing GQTK Ién hon, d6 gia tang ap suat 16n hon.
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Hinh 4.18: D4 thi phét thai NOx, soot trén dong co RCCI 1 va AVL_5402.

Phéan tich qua trinh chay

Trén cac do thi 4p suat, nhiét do, tbc do toa nhiét khi so sanh dong co RCCI 1,
RCCI_2, RCCI_3, RCCI_4 véi dong co diesel duong dat biéu dién cho dong co
diesel, duong lién nét biéu dién cho cac dong co RCCI véi do day cua cac duong
ting dan. Day nhat 13 RCCI_4, va mong nhat 1a RCCI_1.

Hinh dang hai db thi khdng c6 su khéac nhau nhiéu, qué trinh chay ¢ dong co 5402
dién ra som hon va khoang thoi gian chay dai hon. Chinh diéu nay 1am cho nhiét do
budng chay cham giam hon so v6i déng co RCCI 1 (hinh 4.19).

Tbc @6 toa nhiét cuc dai ¢ dong co RCCIL 1 1a 60.5 J/deg, trong khi 6 & dong co
5402 1a 50 J/deg. Piéu nay chung té qua trinh chay & dong co RCCI 1 chay ménh
liét hon.

Do dbc bén phai d6 thi toc do6 toa nhiét & dong co RCCI_1 dbc hon, diéu nay ching
t6 nhién liéu tham gia chay trong giai doan chay rot & dong co 5402 cao hon va diéu
nay ciing lam cho nhiét do budng chay cham giam hon, lam cho lugng NOx & dong

co 5402 cao hon.
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Hinh 4.19: So sanh &p suit, nhiét do, téc

d6 toa nhiét dong co RCCI 1 va dong co

diesel

M“-
-30 -20 -10 10 20 30
GQTK (deg)

Giai doan chdy chinh cua dong co
RCCI_1 ngan hon, tbc d6 toa nhiét
sau DCT cao hon dong co truyén
théng nhung sau d6 lai giam thap hon
dong co truyén théng. Diéu nay xay ra
la do nhién liéu da chay phan Ién &
giai doan chdy nhanh va chay chinh
nén phan nhién liéu con lai chua chay
khéng con nhiéu nén nhiét do budng
chay giam nhanh hon dong co truyén
thdng. Tuy nhiét d6 budng chay khong
cao bang dong co truyén théng nhung
4p suat cuc dai lai twong duong, diéu
nay ching té dong co RCCI 1 c6 thé
dat duoc cong suit twong duong dong
co truyén thong nhung c6 kha ning

lam giam luong NOx, soot dang ké.

4.4.2 M6 phéng mé hinh dong co RCCI phun xiing, phun diesel hai lan
(RCCI_2)
M6 phong dong co RCCI véi céac thdng sé dugc gitt nguyén, chi thay doi cach thuc

phun diesel tir phun duy nhat diesel mot lan thanh phun diesel hai lan. Phan trim

khbi luong phun xing, diesel dugc ldy & bang 4.1 sao cho niang lugng dua vio

budng chéy & cac truong hop 1a twong duong nhau.

Trong cac trudong hop mo phong nay ta chon ra truong hop téi wu 1a RCCI 2 dé so

sanh véi dong co diesel truyén thong.
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Bang 4.5: Cac thong sé6 mo hinh dong co RCCI_2.

Kiéu dong co

RCCI 2

Toc do dong co (v/p)

2000

Tong luong xing st dung (kg/cycle)

2.926.10° (chiém 10%)

Tong luong diesel st dung (kg/cycle)

2.695.10” (chiém 90%)

Tong luong diesel phun lan 1 (kg/cycle)

1.3475.10" (chiém 50%)

Tong luong diesel phun lan 2 (kg/cycle)

1.3475.10" (chiém 50%)

Thoi diém phun diesel lan 1 (deg) -62
Thoi diém phun diesel lan 2 (deg) -10
Thoi diém phun xang (deg) Phun khi xupap nap mo
Tong ning luong cung cap (kd/chu ky) 1.272
Ty s nén ¢ 17.1
Ap suat phun Diesel (Bar) 800
Ap suat duong nap (Bar) 1
Ap suat duong thai (Bar) 1,03
Nhiét d6 khi nap (d6 C) 24,85
Ty s6 AF (-) 16.83
Ty 16 EGR (%) 0
Thoi diém xupap nap mé (deg) 304.88
Thoi diém xupdp nap dong (deg) 633.12
Thoi diém xupap xa mo (deg) 80.88
Thoi diém xupap xa dong (deg) 425.12

Bang 4.6: Cac thong sé dau vao cho md hinh dong co AVL 5402 (case19)

Kiéu dong co Diesel
Toc d6 dong co (v/p) 2000
Thoi diém khoi phun (deg) -18
Tong luong nhién liéu sir dung (kg/cycle) 2.995.107
Tong nang luong cung cap (kd/cycle) 1.272
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Ty sO nén ¢ 17,1
Ap suat phun Diesel (bar) 800
Ap suat dudng nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét d6 khi nap (d6 C) 24,85
Ty s6 AIF (-) 16.84
Ty 16 EGR (%) 0
Thoi diém xupap nap mo (deg) 304.88
Thoi diém xupap nap dong (deg) 633.12
Thoi diém xupap xa mo (deg) 80.88
Thoi diém xupéap xa dong (deg) 425.12

Bang 4.7: Téng hop két qua phun diesel mot 1an va phun diesel hai lan.

STT 1 2
Loai dong co RCCI_2 AVL_5402
CA4c thong so6 vé hiéu suat lam viéc ciia dong co
IMEP (bar) 8.338 8.961
BMEP (bar) 6.501 7.124
Suat tiéu hao nhién liéu (g/kwWh) 252.81 235.99
Hiéu suat (%) 33.27 35.64
Cac thong sé vé khi thai
NOx (g/kWh) 10.586 13.964
Soot (g/kWh) 2.110 3.576
Cac thong sé vé qua trinh chay

Thoi diém bat dau chay (deg) -27.00 -10.67
Khoang thoi gian chay (deg) 155.00 138.67
Ap suat cyc dai (bar) 89.08 82.40
Tai GQTK (deg) 7.00 7.00
Do gia tang 4p suat (bar/deg) 6.65 4.75
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Tai GQTK (deg) 1.00 -3.50
Nhiét do cuc dai (K) 2012.25 2044.33
Tai GQTK (deg) 12.50 17.50
Nhiét do chay (K) 2736.61 2725.73
Tai GQTK (deg) -6.50 0.50
Can bang khai lweng nhién ligu
Tong khdi lwong nhién liéu phun truc 0.02695 0.029995
tiép (9)
Luu luong khoi lugng phun xing 0.0029 0
(g/cycle)
Can bang niing lwong

Ning lugng nhién liéu (kJ) 1.28006 1.27613
Ning lugng duoc giai phong (kJ) 1.17054 1.27613

Cé4c thong s6 chuan tai thoi diém bit dau dat 4p suit cao (SHP)
Ap suat (bar) 1.2218 1.1666
Nhiét d6 (K) 372.70 373.88
Luu lugng khéng khi (g/s) 8.328 8.385
Luu luong nhién liéu (g/s) 0.4984 0.5000
Ty lé A/F (khi chay) 16.83 16.84
Hé s6 du lwong khdng khi 1.1095 1.1458

Cac thong so trao doi khi

Tong khoi luong tai SHP (g) 0.5206 0.5225
Tong khéi lugng khdng khi trong 0.5033 0.5053

xylanh tai SHP (g)

Ton that thanh nhiét (wall heat losses)

Tong ton that thanh nhiét (kJ) -0.40803 -0.45024
Tong ton that thanh nhiét ¢ &p suat -0.3757 -0.40263
cao (kJ)

Tong ton that thanh nhiét khac (kJ) -0.3188 -0.3506
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CA4c thong so tai Xupap xa

Ap suat (bar) 3.73 4.09
Nhiét do (K) 1103.68 1212.11
Hé sb A/F (tai xupap xa) 16.46 16.71
Ty 1& khéi luong san pham chay (--) 0.88653 0.99045
Ty lé khoi lugng cua nhién ligu (--) 0.005427 0.000336
Cé4c thong so két qua dong co
Momen chi thi (Nm) 33.89 36.42
Cong suat chi thi (kW) 7.10 7.63
M6men ton that (Nm) 7.47 7.47
Cong suat ton that (kW) 1.56 1.56
Momen co ich (Nm) 26.42 28.95
Cong suat co ich (kW) 5.53 6.06

Phan tich thdng sé cong suit, mémen

30 7
25 1 ____r 6
] L5~
2 20 ] — 2
= ] =
& . L4 =
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= L2 O
5 7 1
U 1 1 1 U
BMoOomen RCCL1 RCCI_2 AVL_5402
Congsuat Loaidongco

Hinh 4.20: D6 thi mémen, cong suat dong co RCCI_1, RCCI 2 va AVL 5402

Ciing giong nhu truong hop dong co RCCI 1 mic di qua trinh chay dong co
RCCI_2 tét hon (4p sut cuc dai 89.08 bar, o gia ting ap suat 6.65 bar/deg) nhung
hiéu suat ciia dong co RCCI 2 thap nhat, do ning lugng duoc giai phong thap.
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Phan tich cac thong sé vé khi thai

12 4
o BNOxX L 3
1 Soot
] -3
g 8 125 £
Z . Z
B 3
# =
o - 15 =
ZzZ 4 ] 5]
1
2z [
- 0.5
0 0
RCCI1 RCCI_2 AVL_5402

Loaidongco
Hinh 4.21: ) thi khi thai dong co RCCI 1, RCCI 2 va AVL_5402.

NOx cua dong co 5402 cao nhét do nhiét do ving chay cao (2725.73K), va chay
nghéo nhién liéu hon A/F=16.84.

bong co RCCI 1 va RCCI 2 chay giau nhién liéu hon dong co 5402 nhung qué
trinh chay t6t hon nén lwong nhién liéu chua chay it hon.

Phan tich qua trinh chay

Db thi téc do toa nhiét cua dong co RCCI 2 xuét hién mot dinh, dinh nay xuat hién
do diesel chay & nhiét d6 thap. Do sy chay & viing ndy ma nhiét d6 ciing ting cao
bat thuong, 1am xuat hién mot dinh nhiét do ther hai. Do thi ap suét ciing thay doi
theo, ciing xuat hién mét dinh the hai, so véi clng thoi diém 10 d6 truée BCT &
dong co RCCI 1 va 5402 thi ap suat budng chay ¢ dong co RCCI 2 cao hon (do
xuat hién chay ¢ nhiét d6 thap) nén dong co RCCI 2 dé dang dat &p suat cyc dai
sau BDCT hon.

Trong ba dong co thi thoi diém bat dau chay cia dong co RCCI 2 1a sém nhit (-
27.00 deg) va kéo dai nhat (155.00 deg). Po déc bén phai cia d6 thi toc do toa nhiét
& dong co RCCI_2 1a 16n nhat do lugng nhién liéu tham gia trong giai doan chay rot
it nhat nén lam cho nhiét d6 budng chay nhanh giam.

Pong co RCCI 2 ¢ qua trinh chay & nhiét do thap, ¢ thoi diém 27 d6 trudec BCT
quéa trinh chay bat dau, nhiét d6 ¢ thoi diém nay 1a 747K. Sau khi phun diesel 1an
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hai, qua trinh chdy méi dién ra manh liét, toc do toa nhiét tai gan DCT cao hon hin

s0 Voi dong co RCCI 1, va dong co 5402 truyén thong. Bén canh dé nhiét d6 budng

chéy & dong co RCCI 2 ciing nhanh giam hon do nhién liéu di dugc chay tét & cac

giai doan trudc.,
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Hinh 4.22: So sanh &p suat, nhiét do, toc
d6 toa nhiét dong co RCCI_2 va dong co

diesel

Trong cac bai bao cua Giao su Reitz
thi chu yéu cac két qua dua ra so sanh
1a @6 thi tbc do toa nhiét, 6 thi ap
suit. Cac két qua ma Gido su Reitz
dua ra 1a dong co RCCI c6 tdc do toa
nhiét gan PCT cao hon dong co
truyén thdng, do chay & nhiét do thap
nén nhiét do budng chay nhanh ting
hon so v&i dong co thong thuong. Két
qua la mac du &p suat cuc dai cao hon
dong co RCCI phun diesel mot lan
(nhu dong co Dual fuel), dong co
diesel truyén théng ma nhiét d6 cuc
dai budng chay ciing khéng cao. Bén
canh do nhiét do sau 10 do sau BCT
cling nhanh giam, lam giam dang ké
that thoat nhiét.

Tong hop cac két qua dat duoc ta
nhan thay dong co RCCI véi phun
xang va phun diesel hai 1an c6 qué
trinh chay xay ra tét hon dong co
diesel truyén thong va dong co RCCI

phun mét lan.

Tong hop cac két qua dat duoc ta nhan thiy dong co RCCI véi phun xidng va phun

diesel hai lan c6 qua trinh chay xay ra tot hon dong co diesel truyén thong va dong

co sur dung hai nhién ligu.
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Tuy nhién, hiéu suat chwa cao do mirc d6 giai phong ning lwong ¢ dong co RCCI
con thap. Mt khéac, do c6 st dung xing nén viéc str dung dong co AVL 5402 c6 ty
s nén cao s& dé gay hién twong kich nd. Nén ta tién hanh cac cai tién dong co
AVL_5402: Cai tién thay doi ty so nén, thay doi thoi diém dong xupap nap (IVC),
thay d6i thoi diém ma xupép nap (IVO), thay doi thoi diém mo xupap xa (EVO).

4.5 Mé phong cong nghé RCCI vao dong co AVL 5402 cai tién (RCCI_3)

4.5.1 Cai tién thay doi ty s6 nén dong co AVL 5402

Pong co RCCI véi céc thong sé dau vao twong duong dong co RCCI 2 dugc chay
m6 phong cac trudng hop thay doi ty s6 nén khac nhau.

Bang 4.8: Két qua mod phong sau khi thay d6i ty sé nén dong co 5402.

STT | Ty Me Pe IMEP NOX Soot Tmax Pmax
s6 (Nm) (kW) | (bar) | (g/kwWh) | (g/kWh) (K) (bar)

nén
1 171 | 26.42 553 |8.338 | 10.602 | 2.086 2012.73 | 89.08
2 | 17.0 | 26.43 554 |8.341 | 10.582 | 2.108 2012.52 | 88.54
3 | 169 | 26.44 554 |8.343 | 10561 | 2.132 2012.34 | 87.99
4 |16.8 | 26.45 554 |8.345| 10.555 | 2.135 2012.57 | 87.44
5 | 16.7 | 26.47 554 |8.349 | 10.533 | 2.164 2012.30 | 86.89
6 | 16.6 | 26.41 553 [8.335| 10.465 | 2.158 2008.26 | 86.19
7 | 165 | 26.45 554 |8.345| 10.455 | 2.143 2008.77 | 85.64
8 | 16.4 | 26.46 5.54 |8.347 | 10.437 | 2.162 2008.52 | 85.09
9 | 16.3 | 26.46 554 |8.348 | 10.406 | 2.193 2008.08 | 84.53
10 | 16.2 | 26.47 554 |8.351| 10.410 | 2.180 2008.43 | 83.99
11 | 16.1 | 26.48 555 |8.352 | 10.409 | 2.167 2008.81 | 83.45
12 | 16.0 | 26.49 555 [8.354 | 10.380 | 2.211 2008.36 | 82.90
13 [ 159 | 26.49 555 |8.356 | 10.359 | 2.233 2008.22 | 82.35
14 | 158 | 26.50 5,55 |8.357 | 10.344 | 2.246 2008.24 | 81.81

Két qua ta chon ty s6 nén bang 16.1
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4.5.2 Cai tién thay d6i ty thoi diém déng xupap nap (IVC) dong co AVL 5402
Pong co RCCI véi céc thong sé dau vao twong duong dong co RCCI_2 duoc chay
m6 phong cac trudng hop thay doi IVC khac nhau.

Bang 4.9: Két qua mod phong dong co 5402 khi thay doi IVC.

STT| IVC Me Pe |IMEP | NOx Soot Tmax Pmax
(deg) (Nm) (kW) | (bar) | (g/kwWh) | (g/kWh) (K) (bar)

1 ]633.12| 26.42 553 |8.338 | 10.594 | 2.099 2012.46 | 89.08
2 |634.12| 26.41 553 |8.335| 10.559 | 2.138 2013.80 | 88.98
3 |635.12| 26.40 553 |8.333 | 10.509 | 2.200 2014.58 | 88.88
4 1636.12 | 26.39 553 |8.330 | 10.477 | 2.237 2016.11 | 88.77
5 |637.12| 26.38 553 |8.328 | 10.443 | 2.276 2017.69 | 88.67
6 |638.12| 26.35 552 |8.319 | 10.361 | 2.269 2015.70 | 88.41
7 |639.12| 26.33 5,51 |8315| 10.321 | 2.315 2017.36 | 88.29
8 |640.12| 26.32 551 |8.312 | 10.270 | 2.380 2018.75 | 88.17
9 |641.12| 26.31 551 |8.310 | 10.225 | 2.438 2020.41 | 88.05
10 [642.12 | 26.30 551 |8.307 | 10.177 | 2.500 2022.17 | 87.92
11 [643.12| 26.28 550 |8.302| 10.131 | 2.556 2023.99 | 87.78
12 [632.12 | 26.43 5.54 |8.340 | 10.608 | 2.089 2010.87 | 89.16
13 [631.12 | 26.44 5.54 |8.342 | 10.631 | 2.065 2009.51 | 89.25
14 1630.12 | 26.45 5.54 |8.344 | 10.662 | 2.028 2008.47 | 89.34
15 [629.12 | 26.46 5.54 |8.347 | 10.699 | 1.986 2007.66 | 89.42
16 |628.12 | 26.46 554 |8.348 | 10.735 | 1.945 2007.03 | 89.50
17 |627.12 | 26.47 554 |8.350| 10.731 | 1.954 2005.43 | 89.56
18 [626.12 | 26.48 555 |8.352| 10.776 | 1.898 2005.26 | 89.63
19 [625.12 | 26.48 555 |8.353 | 10.789 | 1.887 2004.30 | 89.68
20 |624.12 | 26.49 555 |8.354 | 10.805 | 1.869 2003.58 | 89.74
21 |623.12 | 26.49 555 |8.355| 10.816 | 1.856 2002.87 | 89.78

Két qua ta thay doi IVC tir 633.12->626.12 do
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4.5.3 Cai tién thay doi ty thoi diém mé xupap nap (IVO) dong co AVL 5402
Pong co RCCI véi céc thong sé dau vao twong duong dong co RCCI_2 duoc chay
m6 phong cac trudng hop thay doi IVO khéc nhau.

Bang 4.10: Két qua md phong dong co RCCI sau khi thay doi IVO.

STT| IVO Me Pe |IMEP | NOx Soot Tmax Pmax
(deg) (Nm) (kW) | (bar) | (g/kwWh) | (g/kWh) (K) (bar)

1 ]304.88| 26.42 553 |8.338 | 10.594 | 2.099 2012.46 | 89.08
2 |305.88| 26.40 553 |8.332 | 10.560 | 2.155 2012.92 | 89.03
3 |306.88| 26.38 552 |8.327 | 10.556 | 2.176 2014.04 | 88.99
4 1307.88| 26.35 552 |8.320 | 10.542 | 2.210 2015.15 | 88.93
5 |308.88| 26.32 551 |8.312 | 10.535 | 2.239 2016.37 | 88.88
6 |309.88| 26.28 550 |8.303 | 10.533 | 2.262 2017.80 | 88.83
7 |310.88| 26.24 550 |8.293 | 10.531 | 2.282 2019.37 | 88.76
8 |311.88| 26.20 549 |8.284 | 10522 | 2.334 2020.64 | 88.71
9 |312.88| 26.16 548 |8.274 | 10520 | 2.367 2022.29 | 88.64
10 [313.88| 26.12 547 |8.263 | 10.508 | 2.430 2023.79 | 88.56
11 |314.88 | 26.09 546 |8.256 | 10.572 | 2516 2029.80 | 88.65
12 |303.88 | 26.44 5.54 |8.343 | 10.587 | 2.104 2011.07 | 89.11
13 [302.88 | 26.46 5.54 |8.348 | 10.605 | 2.083 2010.30 | 89.16
14 |1301.88 | 26.49 5,55 |8.353 | 10.645 | 2.030 2010.10 | 89.20
15 [300.88 | 26.50 5.55 |8.357 | 10.647 | 2.025 2009.00 | 89.23
16 [299.88 | 26.51 5,55 |8.360 | 10.660 | 2.015 2008.17 | 89.26
17 [298.88 | 26.53 5.56 |8.364 | 10.685 | 1.994 2007.73 | 89.29
18 [297.88 | 26.54 556 |8.368 | 10.711 | 1.973 2007.31 | 89.30
19 [296.88 | 26.56 556 |8.371| 10.724 | 1.962 2006.71 | 89.35
20 |295.88 | 26.57 556 |8.374 | 10.740 | 1.952 2006.11 | 89.38

Két qua ta thay doi IVO tir 304.88->298.88 do.
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4.5.4 Cai tién thay doi ty thoi diém mé xupap xa (EVO) dong co AVL 5402
Pong co RCCI véi céc thong sé dau vao twong duong dong co RCCI_2 duoc chay
m6 phong cac trudng hop thay doi EVO khac nhau.

Bang 4.11: Két qua md phong dong co RCCI khi thay doi EVO.

STT | EVO Me Pe IMEP | NOx Soot Tmax Pmax
(deg) | (Nm) | (kW) | (bar) | (g/kWh) | (g/kwh) (K) (bar)

1 80 26.42 553 |8.338 | 10.592 | 2.102 2012.43 | 89.08
2 81 26.42 553 |8.338| 10.575 | 2.125 2011.96 | 89.08
3 82 26.42 553 |8.338 | 10.580 | 2.120 2012.10 | 89.07
4 83 26.42 553 |8.338 | 10.598 | 2.096 2012.54 | 89.08
5 84 26.42 5,53 |8.338 | 10.575 | 2.129 2011.91 89.07
6 85 26.42 553 |8.338 | 10.588 | 2.114 2012.17 89.08
7 86 26.42 553 |8.336 | 10591 | 2114 2012.18 | 89.08
8 87 26.41 553 |8.335| 10.587 | 2.125 2012.00 | 89.08
9 88 26.40 553 |8.334 | 10.588 | 2.126 2012.03 | 89.07
10 | 89 26.40 553 |8.332 | 10.595 | 2.122 2012.05 | 89.08
11 | 90 26.39 553 [8.330| 10.601 | 2.121 2012.04 | 89.08
12 | 79 26.42 553 |8.337| 10.581 | 2.117 2012.18 | 89.07
13 | 78 26.42 553 |8.336 | 10.584 | 2.114 2012.23 | 89.08
14 | 77 26.41 553 [8.335| 10.576 | 2.129 2011.97 89.07
15 | 76 26.40 553 [8.333| 10574 | 2.134 2011.86 | 89.07
16 | 75 26.40 5,53 |8.332| 10.588 | 2.120 2012.08 | 89.08
17 | 74 26.39 553 [8.330| 10594 | 2.114 2012.24 | 89.08
18 | 73 26.38 553 [8.328 | 10.592 | 2.122 2012.05 | 89.08

Truong hop thay doi thoi diém mé cia xupap xa khéng anh husng nhiéu dén cac
thong s6 ciia dong co nén ta khong ghi nhan.

Tiép theo, ta s& tién hanh tong hop cac két qua vira thay d6i dong co, dong co
RCCI 3 1a dong co AVL 5402 sau khi thay d6i ty so nén tir 17.1->16.1, thay doi
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IVC tir 633.12->626.12 (déng som hon), thay ddi IVO tir 304.88 -298.88 (M¢ tré

hon). Sau d6 so sanh dong co RCCI_3 véi dong co diesel truyén théng.

Bang 4.12: Cac thdng s6 mo hinh dong co RCCI_3.

Kiéu dong co

RCCI_3

Toc do dong co (v/p)

2000

Tong luong xing st dung (kg/cycle)

2.926.10° (chiém 10%)

Tong luong diesel st dung (kg/cycle)

2.695.10™ (chiém 90%)

Tong luong diesel phun lan 1 (kg/cycle)

1.3475.10" (chiém 50%)

Tong luong diesel phun lan 2 (kg/cycle)

1.3475.10" (chiém 50%)

Thoi diém phun diesel lan 1 (deg)

-62

Thoi diém phun diesel lan 2 (deg)

-10

Thoi diém phun xing (deg)

Phun khi xupap nap mo

Tong ning luong cung cap (kd/cycle) 1.272
Ty s6 nén € 16.1
Ap suat phun Diesel (bar) 800
Ap suat duong nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét d6 khi nap (d6 C) 24,85
Ty s6 A/F (-) 17.17
Ty 16 EGR (%) 0
Thoi diém xupap nap mo (deg) 298.88
Thoi diém xupap nap dong (deg) 626.12
Thoi diém xupap xa mo (deg) 80.88
Thoi diém xupap xa dong (deg) 425.12

Bang 4.13: Tong hop két qua sau khi cai tién dong co AVL 5402,

STT

1

2

Loai dong co

RCCI_3

AVL_5402

CA4c thong so vé hiéu suat lam viéc ciia dong co
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IMEP (bar) 8.392 8.961
BMEP (bar) 6.555 7.124
Suat tiéu hao nhién li¢u 251.21 235.992
(g/kWh)
Hiéu suat (%) 33.48 35.64
CA4c thong so6 vé khi thai
NOXx (g/kWh) 10.664 13.964
Soot (g/kWh) 1.864 3.576
CA4c thong s6 vé qua trinh chay
Thoi diém bit dau chay (deg) -26.50 -10.67
Khoang thoi gian chay (deg) 154.50 138.67
Ap suiat cyc dai (bar) 84.15 82.40
Tai GQTK (deg) 7.00 7.00
Do gia tang ap suét (bar/deg) 6.23 4.75
Tai GQTK (deg) 1.00 -3.50
Nhiét @6 cuc dai (K) 1996.94 2044.33
Tai GQTK (deg) 12.50 17.50
Nhiét d6 chay (K) 2724.54 2725.73
Tai GQTK (deg) -6.50 0.50
Can bang khaéi lweng nhién liéu
Tong khoi lugng nhién liu 0.02695 0.029995
phun truc tiép (g)
Luu luong khéi luong phun 0.0029 0
xang (g/cycle)
Can bang ning luwong
Nang lugng nhién li¢u (kJ) 1.28013 1.27613
Nang lugng duoc giai phong 1.17077 1.27613

(kJ)

Cé4c thong s6 chuan tai thoi diém bit dau dat 4p suat cao (SHP)
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Ap suat (bar) 1.1730 1.1666
Nhiét d6 (K) 366.38 373.88
Luu lwong khéng khi (g/s) 8.500 8.385
Luu lugng nhién ligu (g/s) 0.4984 0.500
Ty 1 A/F (khi chay) 17.17 16.84
Hé s6 du luong khdng khi 1.1318 1.1458
CA4c thong so trao ddi khi
Tong khdi lwong tai SHP (g) 0.5306 0.5225
Tong khéi lugng khdng khi 0.5135 0.5053
trong xylanh tai SHP (g)
Ton that thanh nhiét (wall heat losses)
Tong ton that thanh nhiét (kJ) -0.39265 -0.45024
Tong ton that thanh nhiét ¢ &p -0.35851 -0.40263
suit cao (kJ)
Tong ton that thanh nhiét khac -0.3067 -0.3506
(kJ)
Cé4c thong so tai xupap xa
Ap suit (bar) 3.83 4.09
Nhiét d6 (K) 1118.67 1212.11
Hé s6 A/F (tai xupap xa) 16.73 16.71
Ty ¢ khoi lugng san pham 0.88444 0.99045
chay
Ty 1é khéi lwgng cua nhién 0.005263 0.000336
liu
Cé4c thong so két qua dong co
Momen chi thi (Nm) 34.11 36.42
Cong suat chi thi (KW) 7.14 7.63
M6men ton that (Nm) 7.47 7.47
Cong suat ton that (kW) 1.56 1.56
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Momen c6 ich (Nm) 26.64

28.95

Cong suat co ich (KW) 5.58

6.06

Phan tich théng sé cdng suat, mémen:
30

25
20
15
10
5
0

B MNomen  RCCIL2 RCCI_3 AVL_5402

Mdmen (Nm)

Cong suat Loaidong co

Cong suit (kW)

Hinh 4.23: D6 thi ¢ng suat, mémen dong co RCCI 2, RCCI 3 va AVL 5402.

Cong suat va momen duogc cai thién nhung chua bing dong co AVL 5402.

Phan tich cac théng sé vé khi thai:

12
10
8
5
a4
2
0

BNOx RCCI_2 RCCI_3 AVL_5402
Loaidéngco

NOx (g/k Wh)

Soot

Soot (g/kWh)

Hinh 4.24: Db thi khi thai dong co RCCI_2, RCCI 3 va AVL_5402.

Tuy nhién, lugng phat thai NOX, soot lai giam, dac biét la soot.
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Phan tich qua trinh chay

Ap suit (bar)

[
MR Gy 8 O
o o o o O

gg 2500

Nhiét d

T6c do toa nhiét (J/deg)

Hinh 4.25: So sanh &p suit, nhiét do, téc
d6 toa nhiét dong co RCCI 3 va dong co

2 2000
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ot
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-20

-10 10 20 30

GQTK (deg)

Pong co RCCI 3 c¢6 thoi diém chay
tré hon dong co RCCI 2 va lan chay &
nhiét do thdp nay c6 nhiét do ciing
thiap hon dong co RCCI 2 (dong co
RCCI_3 bat dau chay ¢ 741K). Nhiét
do sau BCT ¢ dong co RCCI 3 ciing
nhanh giam tuong tu nhu dong co
RCCI 2.

Khac véi truong hop phun diesel mot
|an, dinh d4u tién cta do thi toc do toa
nhiét xuit hién rd rang hon. Chinh
diéu nay 1am cho nhiét do budng chay
gia tang trudc PCT, lam cho dong co
sinh ra &p suat cuc dai gan 10 d6 sau
DCT hon.

4.5.5 Pong co RCCI sau khi cai tién cho phun diesel véi sw diéu chinh & hai
lan phun khéc nhau (RCCI_4):

Pong co RCCI 3 sau khi cai tién dugc mb phong véi diéu kién luong xing phun

vao budng chay chiém 5% tong lugng nhién liéu phun vao. Thay doi lugng phun

diesel lan dau tién, phan trim phun diesel 1an dau tién chiém trong tong sé phan

tram diesel (95%). Nang lugng dua vao trong cac truong hop phai dam bao tuong

duong nhau. Trong céc két qua thu duoc ta ly két qua téi wu, dat tén 1a RCCI 4 dé

so sanh véi dong co diesel truyén thng.
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Bang 4.14: Céac thdng s6 mo hinh dong co RCCI_4.

Kiéu dong co RCCI_4
Toc do dong co (v/p) 2000
Téng luong xang st dung (kg/cycle) 1.463. 10° (chiém 5%)
Tong luong diesel st dung (kg/cycle) 2.845. 10™ (chiém 95%)
Téng luong diesel phun 1an 1 (kg/cycle) | 8.535.10° (chiém 30%)
Téng luong diesel phun 1an 2 (kg/cycle) | 1.991.107 (chiém 70%)
Thoi diém phun diesel lan 1 (deg) -60
Thoi diém phun diesel lan 2 (deg) -10
Thoi diém phun xang (deg) Phun khi xupap nap mo
Tong ning luong cung cap (kd/cycle) 1.272
Ty s6 nén ¢ 16.1
Ap suat phun Diesel (bar) 800
Ap suat duong nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét do khi nap (d6 C) 24,85
Ty s6 AF (-) 17.15
Ty 16 EGR (%) 0
Thoi diém xupap nap mo (deg) 298.88
Thoi diém xupéap nap dong (deg) 626.12
Thoi diém xupap xa mo (deg) 80.88
Thoi diém xupap xa dong (deg) 425.12

Bang 4.15: Céc thong s6 dau vao cho mé hinh dong co AVL 5402 (casel6)

Kiéu dong co Diesel
Toc d6 dong co (v/p) 2000
Thoi diém khoi phun (deg) -15
Tong luong nhién liéu sir dung (kg/cycle) 2.995.107
Tong ning luong cung cap (kl/cycle) 1.272
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Ty sd nén ¢ 17,1
Ap suat phun Diesel (bar) 800
Ap suat dudng nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét d¢ khi nap (d6 C) 24,85
Ty s6 AIF (-) 16.85
Ty 18 EGR (%) 0
Thoi diém xupap nap mo (deg) 304.88
Thoi diém xupdp nap dong (deg) 633.12
Thoi diém xupap xa mé (deg) 80.88
Thoi diém xupéap xa dong (deg) 425.12

Bang 4.16: So sanh dong co RCCI 4 v6i1 dong co RCCI 3 va dong co AVL 5402.

STT

1

2

Loai dong co

RCCI_4

AVL_5402

Cé4c thong so vé hiéu s

uét lam viéc caa dong co

IMEP (bar) 9.095 9.073
BMEP (bar) 7.259 7.236
Suat tiéu hao nhién ligu 231.82 233.08
(g/kwh)

Hiéu suat (%) 36.28 36.09

Cac thong sé vé khi thai
NOXx (g/kWh) 10.992 12.031
Soot (g/kWh) 1.403 3.786
Ca4c thong so vé qua trinh chay

Thoi diém bat dau chay (deg) -28.00 -8.17

Khoang thoi gian chay (deg) 156.00 136.17
Ap suat cyc dai (bar) 95.13 75.64
Tai GQTK (deg) 8.00 8.00




Do gia ting ap suat (bar/deg) 8.07 4.09
Tai GQTK (deg) 2.00 -1.50
Nhiét do cuc dai (K) 2268.07 2008.98
Tai GQTK (deg) 12.50 21.50
Nhiét do chay (K) 2724.39 2707.72
Tai GQTK (deg) 4.50 2.00

Can bang khai lweng nhién ligu
Tong khdi lwong nhién liéu 0.028450 0.029995
phun tryc tiép (g)
Luu luong khéi lugng phun 0.0015 0
xang (g/cycle)

Can bang niing lwong

Ning lugng nhién liéu (kJ) 1.28042 1.27467
Ning lugng duoc giai phong 1.23416 1.27467

(kJ)

Cé4c thong s6 chuan tai thoi diém bit dau dat 4p suit cao (SHP)

Ap suat (bar) 1.1733 1.1665
Nhiét d6 (K) 366.56 374.00
Luu lugng khéng khi (g/s) 8.504 8.387
Luu lugng nhién liéu (g/s) 0.4985 0.500
Ty lé A/F (khi chay) 17.15 16.85
Hé s6 du luong khdng khi 1.1308 1.1460
Cac thong so trao doi khi
Tong khoi luong tai SHP (@) 0.5298 0.5223
Tong khéi lugng khdng khi 0.5131 0.5054
trong xylanh tai SHP (g)
Ton that thanh nhiét (wall heat losses)

Tong ton that thanh nhiét (kJ) -0.44181 -0.42179
Tong ton that thanh nhiét ¢ &p -0.41222 -0.36955
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suat cao (kJ)

Tong ton that thanh nhiét khac -0.3451 -0.3285
(kJ)
CA4c thong so tai xupap xa
Ap suat (bar) 3.67 4.25
Nhiét d6 (K) 1069.19 1260.22
Hé s6 A/F (tai xupap xa) 16.83 16.70
Ty lé khoi lugng san pham chay 0.93834 0.98875
Ty Ié khoi lugng cua nhién ligu 0.002586 0.0004
Cé4c thong so két qua dong co

Momen chi thi (Nm) 36.97 36.88
Cong suat chi thi (kW) 7.74 7.72
M6émen ton that (Nm) 7.47 7.74
Cong suat ton that (kW) 1.56 1.56
Momen c6 ich (Nm) 29.50 29.41
Cong suat co ich (kW) 6.18 6.16

Phan tich théng sé cong suit, mémen

30 7
25 6
] L5 o~
= 20 ] — 2
=] . -
& . L4 =
5 15 1 ] =
= ] -3 =0
= 10 - |  E
= -2 T
5 7 1
U 1 i 1 D
B MNomen  RCCIL3 RCCI_4 AVL_5402
Congsuat Loaiddngco

Hinh 4.26: D5 thi cong sut, mémen dong co RCCI_3, RCCI 4, AVL 5402.
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Ngoai cong suat va mémen cao, hiéu suat dat dugc cua dong co RCCI 4 1a cao nhat
36.28%, cao hon ca truong hop dong co AVL 5402 dat duoc 4p suat 70.96 bar ¢ 9
d6 trude DCT 1a 36.18%. D6 1a két qua cua qud trinh chay tét, thoi gian bat dau
chay som, khoang thoi gian chay dai, 4p suit budng chay dat cuc dai 95.13 bar, so
v6i RCCI_3 12 84.15 bar, AVL_5402 12 75.64 bar. Can phai luu y rang viéc c6 duogc
cdng suit cao hon dong co AVL 5402 véi lugng nhién liéu duoc giai phong it hon
1.23416 kJ so voi 1.27467 cang ching to qué trinh chdy & dong co RCCI_ 4 rat tét.
Phan tich cac thong sé vé khi thai

Vé khi thai, uu diém ndi bat c6 thé thiy & dong co RCCI 4 1a kha ning phat thai
soot rat it do phan nhién liéu chay tét. Tuy nhién luong NOXx phét thai c6 giam

nhung khong giam nhiéu do nhiét d6 chay con cao.

12 4
1 - 3.5
10 - —
1 -3
g ; T las £
2] 2
ENCE 3
= =
o 1 - 15 2
Z 41 — 7
i 1
2 ] |
1 - 0.5
o - L L 0
BNOx RCCI 3 RCCI 4 AVL 5402

Soot Loaidongco

Hinh 4.27: D6 thi khi thai dong co RCCI 3, RCCI_4, AVL 5402.

Phan tich qua trinh chay

Pbi voi dong co diesel truyén théng, do khdng co qué trinh chay o nhiét do thap
nén nhiét do cta budng chay trudéc PCT khong cao so voi dong co RCCI 4, chinh
diéu nay lam cho d6 gia ting ap suat cia dong co AVL 5402 thap hon (4.09
bar/deg so véi 8.07 bar/deg), nén dong co RCCI 4 dé dang dat &p sut cuc dai gan
10 d6 sau BCT hon.

Do dbc phan do thi ¢ phia bén phai dudng toc d6 toa nhiét caa dong co RCCI 4 cao

hon, déu hon do phan nhién liéu chua tham gia qua trinh chay nhé, diéu nay ciing
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lam cho qua trinh chay nhanh két thic (két thdc gan 30 do sau PCT, trong khi d6 &

dong co truyén thng 1a gan 90 d6 sau DCT). Hé qua cua viéc qua trinh chay kéo

dai nay la nhiét do & dong co 5402 van con gitt & mac cao. Tuy nhién, giir nhiét do

& muc cao & giai doan nay khong co lgi vi thé tich budng chay da giam, va thuc té

ta ciing d& dang quan sat dugc 1a duong cong 4p suat ca hai truong hop mac du

nhiét d6 khac nhau nhung ciing giam déu giéng nhau.

Giam that thoat & giai doan chay tré, va giai doan chay rét, hién nhién phan nhién

licu s& dugc tap trung vao giai doan chay ctia hon hop hoa tron truéc. Chay ¢ giai

doan nay 1a mong muén cua cac nha thiét ké, vi co6 nhu vay 4p suat moi dat cuc dai

tai gan 10 d6 sau DCT.
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Hinh 4.28: So sanh &p suat, nhiét do, toc
do toa nhiét dong co RCCI 4 va dong co

diesel

Téc do toa nhiét cia dong co RCCI 4
rat 16n so véi dong co 5402 truyén
théng. Piéu nay c6 dugc 1a do qua
trinh chay & dong co RCCI_4 tét hon.
Nhiét d6 chdy & nhiét d6 thap la
765K, giai doan chay rét ¢ dong co
truyén théng kéo dai hon. Nhiét do
budng chay cua dong co RCCI 4 tai
thoi diém xupép xa mé thap hon dong
co truyén thdng do giai doan chay rot
ngan. Tuy nhién, thoi gian chay khi
nhiét do cao (trén 2000K) ¢ dong co
RCCI lai cao hon, lam tang luong
phat thai NOXx.

Vi nhitng phan tich trén, ta thay dong
co RCCI nbi troi hon so véi dong co
AVL 5402 ¢ qua trinh chdy. Chinh
qua trinh chay tét da tao ra cac két qua

t6t vé cong suat, mémen, khi thai ...
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4.6 Toéng hop cic két qua md phéng dong co RCCI_1, RCCI 2, RCCI 3,
RCCI_4 va dong co diesel truyén thong
Céc két qua quan trong vé dong co RCCI 1, RCCI_2, RCCI 3, RCCI 4 va dong co

diesel s& dugc tong hop & cac do thi sau.
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Hinh 4.29: Tong hop ap suat, nhiét do, toc do toa nhiét dong co RCCI 1, RCCI 2
Theo hinh 4.29 thi dong co RCCI 2 c6 qua trinh chay hoan toan tét hon dong co
RCCI 1, 1a dong co RCCI chi phun diesel mét lan, va tot hon dong co diesel truyén
thong. Ap suat cuc dai cao hon dong co RCCI 1, dong co diesel, va thoi diém dat
&p suat cuc dai 1a gan 10 d6 sau BCT, thoi diém ma dong co dat cong suat tdi da.
Nhiét d6 budng chay chi twong duong véi dong co RCCI 1, va dong co diesel, diéu
nay giup giam phat thai NOx do sinh ra ¢ nhiét do cao.
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Bén canh d6 nhiét do ctia budng chay giam nhanh so véi dong co RCCI_1, dong co

diesel, diéu nay lam giam that thoét cong suét do trong giai doan nay thé tich budng

chéy tang.
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Hinh 4.30: Tong hop ap suat, nhiét dg, toc do toa nhiét dong co RCCI_3, RCCI_4

Theo hinh 4.30 dong co RCCI 4 ¢ qua trinh chay tot hon dong co RCCI 3 (va ca
dong co RCCI_1, RCCI 2, dong co diesel). Ap suat cuc dai dat gié tri Ion nhat, gan
10 d6 sau DCT. Tuy nhién, nhiét &6 budng chay lai dat gia tri cao nhat, diéu nay
lam cho luong phat thai NOx khong giam nhiéu. Tuy nhién do nhién lidu tap chung
chay & giai doan chay nhanh va chay chinh nén giai doan chay rét toc do toa nhiét
khéng cao, 1am cho nhiét do ¢ giai doan chay rot giam nhanh, khi ma thé tich buong

chay ciing tang, diéu nay lam giam ton that cong suat dong co.
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Hinh 4.31: Téng hop céc két qua vé cdng suit, khi thai, hiéu suit cua cac dong co
RCCI 1, RCCI 2, RCCI 3, RCCI 4 va dong co diesel.

Dya vao két qua trén hinh 4.31 dong co RCCI 4 c6 céac chi sé tét hon dong co
truyén théng. Qua trinh chay tét do co &p suat cuc dai 16n, diém dat 4p suit cuc dai
lai gan 10 d6 sau DCT nén cong suit, mdmen 16n. Cong suit ¢ trudng hop dong co
RCCI_4 I6n hon tit ca cac trudng hop téi wu cua dong co diesel truyén thong.

Tuy nhién néu chi chay RCCI nhu dong co RCCI 2 thi cac wu diém cia cong nghé
RCCI méi dugc thay 1d. D6 1a qua trinh chay tot, lwong phét thai NOx, soot déu
thap do tng dung céng nghé chay ¢ nhiét do thap. Piém chua dugc cua dong co
RCCI_2 la c6 cbng suat chua cao.

Nguoc lai, dong co RCCI_4 c6 céac chi s6 vé cong suat, mémen, khi thai, hiéu suat,
qué trinh chay hoan toan tét hon so v&i dong co diesel. Tuy nhién, dong co RCCI 4
lai ¢6 nhiét d6 budng chay cao, diéu nay lam cho lwong phat thai NOx c6 giam
nhung giam khong dang ké. Chi c6 lugng soot la giam nhiéu nhat do qua trinh chay

rot ¢ nhiét @6 khoéng cao.
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4.7 Cac két qua khac

4.7.1 Pong co RCCI_1 phun xing, phun diesel mdt lan véi diéu chinh lwgng
phun xing khac nhau

Pong co RCCI 1 v6i phun xing, phun diesel mot lan dugc md phong véi diéu kién
thay doi lwong xdng phun vao. Phan trim khéi luong xing dugc cho bai bang 4.1,

sao cho ning luong dua vao budng chay trong cac truong hop 13 twong duong nhau.

Bang 4.17: Cac thdng sé dau vao cho mé hinh dong co RCCI

phun xing va phun diesel mot lan.

Kiéu dong co RCCI_1
Toc do dong co (v/p) 2000
Tong luong xing st dung (kg/cycle) Thay d6i theo bang 4.1
Tong luong diesel st dung (kg/ cycle) Thay d6i theo bang 4.1
Thoi diém phun diesel (deg) Theo két qua cua timg trudng hop
Thoi diém phun xing (deg) Phun khi xupap nap m¢o
Tong nang luong cung cap (kJ/ cycle) 1.272
Ty s6 nén ¢ 17,1
Ap suat phun Diesel (bar) 800
Ap suit duong nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét d6 khi nap (d6 C) 24,85
Ty 16 EGR (%) 0
Thoi diém xupap nap mo (deg) 304.88
Thoi diém xupap nap dong (deg) 633.12
Thoi diém xupap xa mé (deg) 80.88
Thoi diém xupap xa dong (deg) 425.12
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Bang 4.18: Bang két qua m6 phong mo hinh dong co RCCI

phun xing, phun diesel mot Ian.

STT 1 2 3 4
Phan trim xang (%) 5% 10% 20% 30%
Thoi diém phun diesel (deg) -11 -10 -15 -15
IMEP (bar) 8.990 8.496 7.507 | 6.528
Moémen c6 ich (Nm) 29.07 27.07 23.05 | 19.07
Cong suat cd ich (kW) 6.09 5.67 4.83 3.99
NOXx (g/kWh) 5.117 4.540 5.725 | 5.243
Soot (g/kWh) 1.601 2.244 2.380 | 2.450
BMEP (bar) 7.153 6.660 5.670 | 4.691
Thoi diém bit dau chay (deg) -4.5 -3.5 -8 -7.50
Khoang thoi gian chay (deg) 132.50 131.50 | 136.00 | 135.50
Ap suat cuc dai (bar) 71.22 66.33 70.84 | 65.23
Tai GQTK (deg) 9.00 9.50 6.50 6.00
Do gia ting ap suat (bar/deg) 4.13 3.58 4.05 3.40
Tai GQTK (deg) 1.50 2.50 -1.50 -1.00
Nhiét d6 cuc dai (K) 1923.36 | 1837.74 | 1734.73 | 1585.52
Tai GQTK (deg) 24.50 26.00 20.00 | 20.50
Nhiét do chay (K) 2656.16 | 2644.45 | 2662.64 | 2650.70
Tai GQTK (deg) 4.50 5.50 2.00 2.50
Hé s6 du lwong khdng khi 1.1087 | 1.1088 | 1.1083 | 1.1055
Hiéu suat (%) 35.88 33.87 29.90 | 25.97
STT 5 6 7 8

Phan trim xang (%) 40% 50% 60% 70%
Thoi diém phun diesel (deg) -60 -60 -60 -60
IMEP (bar) 5.672 4.753 3.764 | 2711
Mémen cd ich (Nm) 15.59 11.85 7.83 3.55
Cong suat co ich (KW) 3.26 2.48 1.64 0.74
NOXx (g/kWh) 7.736 6.986 6.285 | 13.803
Soot (g/kWh) 3.223 3.217 3.309 | 5.227
BMEP (bar) 3.835 2.916 1.927 | 0.874
Thoi diém bat dau chay (deg) -24.00 | -2350 | -22.50 | -22.50
Khoang thoi gian chay (deg) 152.00 151.50 150.50 | 150.50
Ap suat cyc dai (bar) 63.65 57.52 51.31 52.50
Tai GQTK (deg) 5.00 4.50 3.50 4.00
Do gia tang 4p suat (bar/deg) 2.16 1.90 1.64 1.70
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Tai GQTK (deg) -9.00 -9.50 -10.50 | -8.50
Nhiét do cuc dai (K) 1548.11 | 1400.21 | 1239.02 | 1194.80
Tai GQTK (deg) 22.0 22.50 24.00 | 13.50
Nhiét do chay (K) 2657.27 | 2644.27 | 2628.41 | 2625.71
Tai GQTK (deg) -4.50 -4.50 -4.50 -3.00
Hé s6 du lugng khdng khi 1.1019 | 1.1003 | 1.100 1.099
Hiéu suat (%) 22.51 18.83 14.88 | 10.68

Phan tich thdng sé cong suat, mémen
Qua bang 4.18 va hinh 4.32 ta thdy mémen c6 ich va cong suat cd ich giam khi ta
tang luong xing 1én. Dé dat cdng suat va mdmen cao nhit thi dong co phai co diém

bat ¢au phun sém hon.
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Hinh 4.32: D6 thi mémen, cong suat dong co RCCI_ 1

véi lugng phun xdng khéac nhau.
Vi cac phan tram xang 5%, 10%, 20%, 30% thi diém bat d¢au phun t6i vu 1a 11 do
truée PCT, 10 do trude DCT , 15 do trude DCT, 15 d6 trudec DCT. Thoi diém bat
dau chay gan DPCT nén ap suit chdy cuc dai dat dugc gan voi 10 d6 sau DCT nén
cong suat cao hon cac trudng hop phan trim xing cao hon.
Nguoc lai, véi cac phan trim xing 4%, 50%, 60%, 70% thi diém bat dau phun toi
wu ¢6 chung 1 60 d6 trudc DCT. Thoi diém bt dau chay xa PCT nén 4p suat chay

cuc dai dat duoc gén vo1 DCT hon la gﬁn 10 do sau BDCT nén cong suat thép hon.
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Phan tich cac thong sé vé khi thai

Luong NOXx phét thai trong trudng hop phun voi luong xing 10% 1a nho nhét
(4.540 g/kWh) vi c6 nhiét do tai ving chay nho nhat (2644.45K) ddng thoi c6
khoang thoi gian chay nhé nhét (131.50 deg).

Cac truong hop c6 luong phun xang la 60%, 70% ciing c6 nhiét d6 tai vung chay
nho (2628.41K, va 2615.36K) nhung lai ¢6 thoi gian chay dai hon (150.50 deg, va
150.00 deg). Lugng phét thai soot trong truong hop xiang chiém 5% nhé nhét vi
truong hop nay luong nhién lidu chay tét nhat trong cac trudng hop con lai (do c6
hé s6 du luong 16n nhit 1.1087) trong khi d6 trudng hop phun 70% xing c6 hé sb
du luong khong khi nho nhat 1.099.
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Hinh 4.33: D6 thi khi thai dong co RCCI 1
véi lugng phun xdng khéac nhau.
Truong hop phun xiang 10%, 20% ciing ¢6 hé s6 du lugng khong khi Ion nhung do
c6 nhiét do chay tai viing chay nhé nén luwong soot phét thai vin cao hon so véi
trrong hop phun 5% xang.
Khi phun nhiéu xing thi nhiét d6 cuc dai cling giam, tuy viy NOx ciing khong giam
nhiéu do qué trinh chay khong tt.
Phan tich qua trinh chay
Nhu d trinh bay khi ting lugng xing phun vao dong co thi qua trinh chay s& dién
ra lau hon (truong hop phun 5% xang la 132.50 deg, con phun 70% xang la 150
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deg). Thoi diém bat dau chay ciing tré hon 4.5 d6 truéc PCT & truong hop 5%

xang, va 22 d6 trude PCT so v6i trudng hop 70% xang). Chinh diéu nay lam cho &p

suat cuc dai & trudng hop 5% gan 10 d6 sau DCT hon.
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Hinh 4.34: So sanh &p suat, nhiét do, toc
d6 toa nhiét dong co RCCI 1 diéu chinh

lugng phun xang

Két qua mé phong truong hop 5%
xang dat ap suét cuc dai (71.22 bar)
tai 9 do sau BCT, trong khi do truong
hop 70% xing lai dat 4p suét cuc dai
(46.68 bar) tai 3 @6 sau BCT.

Toc d6 toa nhiét tai thoi diem khi bat
dau chay (thoi diém 4.5 do trude
bCT) ¢ truong hop 5% xang la
945.726 J/deg. Trong khi d6 tbc do toa
nhiét tai thoi diém khi bat dau chay
(thoi diém 22 d6 trude DCT) & truong
hop 70% xing 1a 2.002 J/deg. DBiéu
nay chang té vai lugng xang phun vao
ban dau 16n thi qua trinh chay ban dau
khong dién ra manh liét. Do thi khi
cho phun xang 10%, phun diesel mot
lan (thoi diém phun diesel 1a 10 do
truéc PCT). Quan sat do thi ta thay
luong xing phun vao cang 1on thi toc

d6 toa nhiét cang thap.

Cac truong hop phun véi lugng xing 13 5%, 10%, 20%, 30% thi thoi diém phun
diesel t6i wu 1a 11 @6 trude DCT, 10 d6 do trude DCT, 15 d6 trude DCT, va 15 do
truéc PCT. Trong khi d6 ddi véi cac truong hop phun 40%, 50%, 60%, 70% xing
thi thoi diém phun diesel t6i wu déu 1a 60 d6 trudec DCT.

Do phun diesel sém nén cac truong hop phun xing 40%, 50%, 60%, 70% déu co

thoi diém bat dau chay sém (khoang xung quanh vi tri 20 do truéc DCT). Giai doan
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chay tré, chay nhanh kéo dai hon so véi cac truong hop phun xing 5%, 10%, 20%,
30%. Tuy nhién giai doan chay chinh lai ngan hon, chinh diéu nay lam cho &p suat

cuc dai khi phun nhiéu xang khong cao.

4.7.2 Pong co RCCI_3 phun xing, phun diesel hai 1an véi diéu chinh hrong
phun xing khac nhau

Pong co RCCI 3 véi phun xidng, phun diesel hai 1an dugc mé phong véi diéu kién
thay doi lwong xdng phun vao. Phan trim khéi luong xing dugc cho bai bang 4.1,
sao cho ning luong dua vao budng chay trong cac truong hop 13 twong duong nhau.

Bang 4.19: Cac thdng s6 mo hinh dong co RCCI_3.

Kiéu dong co RCCI_3
Toc do dong co (v/p) 2000
Tong luong xing st dung (kg/cycle) Thay doi theo bang 4.1
Tong luong diesel st dung (kg/cycle) Thay d6i theo bang 4.1
Tong lugng diesel phun lan 1 (kg/cycle) 50% tong lugng diesel phun vao
Tong lugng diesel phun lan 2 (kg/cycle) 50% tong lugng diesel phun vao
Thoi diém phun diesel lan 1 (deg) -62
Thoi diém phun diesel 1an 2 (deg) -10
Tong ning luong cung cap (kd/cycle) 1.272
Ty s6 nén ¢ 16.1
Ap suat phun Diesel (bar) 800
Ap suat duong nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét do khi nap (d6 C) 24,85
Ty s6 AF (-) 17.17
Ty I¢ EGR (%) 0
Thoi diém xupap nap mé (deg) 298.88
Thoi diém xupap nap dong (deg) 626.12
Thoi diém xupap xa mé (deg) 80.88
Thoi diém xupap xa dong (deg) 425.12
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Bang 4.20: Két qua md phong dong co RCCI 3 phun xing vai c4c ty & khac nhau.

STT 1 2 3 4
Phan trim xang (%) 5% 10% 20% 30%
IMEP (bar) 8.841 8.392 7.487 6.539
Modmen c6 ich (Nm) 28.47 26.64 22.96 19.11
Cong suat co ich (kW) 5.96 5.58 4.81 4.00
NOXx (g/kWh) 11.130 10.664 10.011 9.200
Soot (g/kWh) 1.278 1.864 2.319 2.374
BMEP (bar) 7.004 6.555 5.650 4,702
Thoi diém bat dau chay (deg) -27.00 -26.50 -26.00 -25.00
Khoang thoi gian chay (deg) 155.00 154.50 154.00 153.00
Ap suat cyc dai (bar) 84.41 84.15 77.82 71.13
Tai GQTK (deg) 7.50 7.00 7.00 6.50
Do gia tang ap suét (bar/deg) 6.59 6.23 5.53 4.71
Tai GQTK (deg) 1.50 1.00 0.50 0.00
Nhiét do cuc dai (K) 2075.81 | 1996.94 | 1843.56 | 1684.32
Tai GQTK (deg) 13.00 12.50 12.50 12.50
Nhiét do chay (K) 2731.39 | 272454 | 271213 | 2696.92
Tai GQTK (deg) -6.50 -6.50 -6.00 -6.00
Hiéu suat (%) 35.27 33.48 29.81 25.98

STT 5 6 7 8
Phan tram xang (%) 40% 50% 60% 70%
IMEP (bar) 5.558 4,534 3.467 2.377
M6émen cd ich (Nm) 15.13 10.96 6.63 2.20
Cong suat co ich (kW) 3.17 2.30 1.39 0.46
NOXx (g/kWh) 8.597 8.202 8.598 15.495
Soot (g/kWh) 2.301 2.194 2.256 4.086
BMEP (bar) 3.721 2.697 1.630 0.540
Thoi diém bat dau chay (deg) -24.00 -23.00 -22.00 -21.50
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Khoang thoi gian chay (deg) 152.00 151.00 150.00 149.50
Ap suat cyc dai (bar) 64.47 57.82 51.50 46.28
Tai GQTK (deg) 6.00 5.00 4.00 2.00
Do gia ting ap suat (bar/deg) 3.82 2.84 1.86 1.46
Tai GQTK (deg) -0.50 -1.00 -1.50 -15.00
Nhiét d6 cuc dai (K) 1523.78 | 1359.41 | 1194.64 | 1045.67
Tai GQTK (deg) 12.00 11.50 10.00 7.00
Nhiét do chay (K) 2682.49 | 2668.35 | 2653.78 | 2642.14
Tai GQTK (deg) -6.00 -6.00 -6.00 -6.00
Hiéu suét (%) 22.05 17.96 13.71 9.37

Phan tich thdng sé cong suat, mémen
Ciing giébng nhu trudng hop dong co phun xing va phun diesel mot 1an, ¢ dong co

RCCI phun diesel hai lan cong suat, mémen cang giam khi ting lugng xing phun
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Hinh 4.35: D6 thi cong suat, mémen dong co RCCI_3
phun xang véi cac luong khac nhau.
Thoi diém bat dau chay khi tang lugng phun xing ciing tré hon, khoang thoi gian
chay ciing ngrfm hon, 1am cho thoi diém dat ap suat cuc dai gﬁn DCT hon thay vi
gan 10 d6 truéc DCT. Diéu nay lam cho dong co khi phun nhiéu xing s& c6 cong

suat thap hon dong co phun it xang.
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Phan tich cac thong sé vé khi thai
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Hinh 4.36: D6 thi khi thai dong co RCCIL 3 khi phun lugng xing khac nhau.
Phat thai soot trong trudng hop phun 5% xing nhoé nhat, trong khi d6 luong phéat
thai soot cao nhat trong trudng hop phun 70% xing. Trudng hop phun 50% xing lai
c6 thanh phan NOXx, soot & mic trung binh.

Khi ting luong xiang phun vao dong co thi nhiét d6 cuc dai giam nhiéu, chinh diéu
nay lam giam NOXx, soot. Néu so voi truong hop da xét ¢ dau 1a phun xing, phun
diesel mét 1an thi ¢ truong hop nay luong phat thai tét hon. Luong phat thai giam
déu tir 5% dén 50% xang, tuy nhién luong phat thai lai tang lai khi lugng xang phun
vao la 60%, 70%.

Té6i day ching ta c6 thé ghi nhan viéc phun xing 1am giam nhiét d6 budng chay dan
dén 1am giam céc khi thai chi xay ra tot khi ching ta phun diesel hai lan, tac 1a phai
st dung céng nghé RCCI thay vi sir dung RCCI phun diesel mat lan.

Phan tich qua trinh chay

Cac dd thi dudi day khi cho phun xing 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
phun diesel hai lan (thoi diém phun diesel 1an mot 1a 62 do truée DCT, thoi diém
phun diesel 1an hai 12 10 do trudc DCT).

Khac véi trudong hop phun diesel mot lan, dinh dau tién caa do thi toc do toa nhiét
Xuat hién 1 rang hon. Chinh diéu nay Iam cho nhiét d6 budng chay gia ting truéc

DCT, Iam cho dong co sinh ra ap suat cuc dai gﬁn 10 36 sau BCT hon.
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Hinh 4.37: So sanh &p suét, nhiét do, toc
d6 toa nhiét dong co RCCIL 3 diéu chinh

luong phun xang.

Ap suat khi phun xang nhiéu s& giam,
diém dat &4p suit cuc dai cling gan
DCT hon, lam cho cong suat dong co
khéng cao.

Tuy nhién, néu so sanh véi trudng hop
dong co RCCI _1 khi cung cho phun
5% xang thi dong co RCCI 3 co6 ap
SUat cao hon.

Nhiét d6 budng chay khi ting luong
xdng phun vao giam. Piéu nay lam
giam phat thai NOx, nhung néu luong
xang phun vao qua cao lai gay tac
dung nguoc, lam tang lugng NOX.

Téc do toa nhiét ¢ trudong hop dong co
RCCI 3 phun 5% xang khi so voi
dong co RCCI _1 phun 5% xang cao
hon gip d6i. Pidu nay chung té phun
xing két hop véi phun diesel s& tot

hon néu ta két hop phun diesel hai lan.

4.7.3 Pong co RCCI_3 phun xiing, phun diesel hai 1an véi diéu chinh hrong

phun diesel lan phun dau tién khac nhau

Pong co RCCI_ 3 véi phun xang, phun diesel hai lan dugc moé phong véi diéu kién

giir ¢d dinh luong xing phun vao 1a 5% trén tong khdi lwong phun vao budng chay.

Phan trim khéi luong xing dugc cho boi bang 4.1, sao cho ning lugng dua vio

budng chay trong cac truong hop 1a twong duong nhau. Phan tram diesel phun 1an

dau tién duoc tinh theo phan tram cia tong luong diesel phun vao buong chay, tong

luong diesel nay bang 95% tong nang luong dua vao budng chay, bao gom ca xing.
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Bang 4.21: Cac thdng s6 mo hinh dong co RCCI_3.

Kiéu dong co

RCCI_3

Toc do dong co (v/p)

2000

Tong luong xing st dung (kg/cycle)

Chiém 5% tong khoi lugng

Tong luong diesel st dung (kg/cycle)

Thay d6i theo bang 4.1

Tong luong diesel phun lan 1 (kg/cycle)

Thay d6i theo phan trim tong

khdi lugng diesel phun vao

Tong luong diesel phun lan 2 (kg/cycle)

Thay d6i theo phan trim tong

khdi lugng diesel phun vao

Thoi diém phun diesel lan 1 (deg) -62
Thoi diém phun diesel lan 2 (deg) -10
Tong ning luong cung cap (kd/cycle) 1.272
Ty s6 nén ¢ 16.1
Ap suat phun Diesel (bar) 800
Ap suat duong nap (bar) 1
Ap suat duong thai (bar) 1,03
Nhiét d6 khi nap (d6 C) 24,85
Ty s6 AF (-) 17.17
Ty 16 EGR (%) 0
Thoi diém xupap nap mo (deg) 298.88
Thoi diém xupap nap dong (deg) 626.12
Thoi diém xupap xa mo (deg) 80.88
Thoi diém xupap xa dong (deg) 425.12

Bang 4.22: Két qua md phong dong co RCCI_3 diéu chinh lugng phun

cac lan phun diesel.

STT 1 2 3
Phan trim diesel 1an 1 (%) 70% 60% 55%
IMEP (bar) 6.803 7.530 8.031
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Momen c6 ich (Nm) 20.18 23.14 25.17
Cong suat co ich (kW) 4.23 4.85 5.27
NOXx (g/kWh) 6.818 8.028 9.374
Soot (g/kWh) 4.031 2.788 2.162
BMEP (bar) 4,966 5.694 6.194
Thoi diém bat dau chay (deg) -23.00 -24.50 -25.00
Khoang thoi gian chay (deg) 151.00 152.50 153.50
Ap suiat cuc dai (bar) 65.26 71.44 77.94
Tai GQTK (deg) 2.00 5.00 6.50
Do gia ting ap suat (bar/deg) 2.92 3.24 4.80
Tai GQTK (deg) -22.50 -1.00 0.50
Nhiét do cuc dai (K) 1558.96 1636.83 1826.98
Tai GQTK (deg) 82.50 11.50 12.50
Nhiét do chay (K) 2704.42 2717.26 2723.64
Tai GQTK (deg) -7.50 -7.00 -6.50
Hiéu suat (%) 27.13 30.07 32.06
STT 4 5 6

Phan trim diesel 1an 1 (%) 50% 40% 30%
IMEP (bar) 8.391 8.595 8.665
Momen c6 ich (Nm) 26.64 27.47 27.75
Cong suat co ich (kW) 5.58 5.75 5.81
NOXx (g/kWh) 10.657 11.915 12.704
Soot (g/kWh) 1.876 1.862 2.141
BMEP (bar) 6.555 6.759 6.828
Thoi diém bat dau chay (deg) -26.50 -27.50 -28.00
Khoang thoi gian chay (deg) 154.50 155.50 156.00
Ap suat cyc dai (bar) 84.15 89.25 92.20
Tai GQTK (deg) 7.00 7.50 8.00
Do gia tang 4p suat (bar/deg) 6.23 7.32 7.88
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Tai GQTK (deg) 1.00 2.00 2.00
Nhiét do cuc dai (K) 1996.72 2125.24 2193.89
Tai GQTK (deg) 12.50 12.50 12.50
Nhiét do chay (K) 2724.62 2715.42 2719.57
Tai GQTK (deg) -6.50 -6.00 4.50
Hicu suét (%) 33.50 34.30 34.59

Phén tich qua trinh chay
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Hinh 4.38: So sanh &p suat, nhiét do, toc
d6 toa nhiét dong co RCCI 3 diéu chinh

——30% diesel

seeeeees 40% diesel Q

50% diesel N\
— el \

-"

-30 -20 -10 10 20 30

GQTK (deg)

luong phun diesel lan dau tién

Khi so sanh d6 thi phun 70% diesel
voi 70% xang thi mac du dinh thu
nhat caa 2 dd thi déu rd rét va cao,
nhung dinh cta 70% diesel co gia tri
cao hon (30J/deg so vai 8J/deg). Do
khdi lugng diesel phun lan dau tién
cao hon khdi lugng phun diesel.

Viéc gia tang nhiét 0 qua som ciing
khong tét, bai vi thé tich budng chay
lGc nay con 16n. Diéu nay s& lam cho
kho dat duoc 4p suat cao tai 10 d6
trude DCT.

Mic du toc d6 toa nhiét & viing chay
nhiét do thip cao nhung ciing khong
lam cho &p suat budng chay tang do
thé tich budng chay con I6n. Qua trinh
chay khong tét nay con lam cho giai
doan chay rot kéo dai, lam cho nhiét
d6 budng chay con cao, l1am hao phi

nang luong.
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Ngoai ra, con ké dén khi phun 70% diesel 1an maot thi xuat hién rd mot dinh thi ba.
Tt 1a giai doan chay rot cd nhiéu nhién liéu tham gia chay, diéu nay lam cho nhiét
do tang cao hon.

Khi phun diesel lan dau tién cang nhiéu thi ap suat cang thap do nhién liéu phan 16n
da chay & giai doan chay tré, chay nhanh.

Phan tich thdng sé cong suit, mémen

30 7
= ‘/,4—""'_—; .
20 ] M _ 5
E — -
Z 15 =
O O
s >z
10
) 2
=+—Nomen
5 _ .
-#-Cong suat r1
o - 0
70% 50% 55% 50% 40% 30%

Phan trimdiesel phunlan 1 (%)

Hinh 4.39: B4 thi ¢6ng suat, mémen dong co RCCI 4 phun diesel 1an mot
V&i cac lugng phun khac nhau.

Khi giam khéi luong diesel phun 1an mot thi cong suat dong co sé tang. Khi giam
khéi lueong phun diesel 1an mot thoi diém bat dau chay s& sém hon, khoang thoi
gian chay sé& dai hon, 1am cho ap suat cuc dai ciing cao hon, diém dat 4p suat cuc
dai ciing gan 10 do sau PCT hon. Lam cho cong suat cao hon.

Phan tich cac théng sé vé khi thai

Quan sét d6 thi ta thdy cang giam luong phun diesel lan dau tién s& lam giam déng
ké luong soot. Nhung ty 1& voi sy giam soot 1a su ting NOx do sy ting nhiét do
chay, nhiét @ cuc dai budng chay.

So Véi cé4c thi nghiém cho thay doi lugng phun xing, lam giam NOx, thi thay doi
luong phun diesel lan dau tién lai lam giam luong soot. Boi vay, néu ching ta phéi

hop hai phuong phéap nay thi luong NOX, soot s& giam déng ké.
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Hinh 4.40: D6 thi khi thai dong co RCCI_ 4 phun diesel 1an mot

voi cac lugng phun khac nhau.

Két luan:

Viéc sir dung xang két hop véi diesel duoc ky vong gitip dong co c6 hiéu suat nhiét
cao hon dong co diesel thong thudng do ¢ cung nhiét do, ty s nén thi hiéu suét
nhiét cua chu trinh cip nhiét ding tich cao hon hiéu suét nhiét cua chu trinh cap
nhiét ding ap. Tuy nhién, két qua dat duoc chi hiéu qua khi ta phun mot luong xing
phu hop, thuong 1a chiém tir 5% dén 40% trong tong khdi lwong nhién liéu phun
vao budng chay. Ngoai ra, viéc phun xing ciing 1am giam nhiét do budng chay, 1am
giam NOx, tuy nhién lugng phun xang nay cling phai phu hop.

Phun diesel lan dau tién téi wu khi ta phun véi lwong nho, tuy nhién néu luong phun
nay qué nho thi s& khong 1am xuat hién qua trinh chay & nhiét do thap, dong nghia

vGi cong suat giam, qua trinh chay khong tét.
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