ISSN 2354-0575

AN -
N OAN Mg,
™ Ve,
o

%, @
“onyg oow

MO PHONG QUA TRINH CHAY NHIEN LIEU BIODIESEL
TRONG PONG CO DIESEL BANG PHAN MEM CFD-KIVA
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Nguyén Manh Cuong', Vii Xuin Truong', Pham Vin Hai', Mai Pirc Nghia?
1 Truong Pai hoc Su pham Ky thudt Hung Yén
2 Truong Sy quan Khong quan
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Tom tat:

Mot trong nhing hé thong cé anh hudng quyet dinh dén chat lwong cia qud trinh chay ciing nhuw
cdc chi tiéu cua dong co dlesel la h¢ thong cung cdp nhién liéu. Vi vy, viéc nghién ciru nham lam cho hé
thong nhién ligu hoat dong {6t nhdt, t6i vu nhat, luén nhan dwoc sy quan tam cua cac nha nghién ciu trén
thé gidi. Phan mém tinh todn va mé phong KIVA, da dwoc phdt trién nhiéu nam qua tai Phong thi nghiém
quoc gia Los Alamos (Los Alamos National Laboratory — LANL), Hoa Ky, ld phan mém CFD mé phong
2D va 3D cdc dong heu chdt chay réi véi tia phun, ¢6 phan g héa hoc nhir mé phéng sw chdy cia dong
co dot trong. KIVA3V la chwong trinh mdy tinh dimg dé mé phong cdc qud trinh ciia dong co dot trong néi
chung va qua trinh phun nhién liéu, qua trinh chay nhién liéu cua dong co Diesel noi riéng. Bai bdao nay
trinh bay két qua cua viéc img dung phan mém KIVA dé tim ra cdc gid tri toi wu cia thoi diém phun ma ¢
dé cdc thong s vé cong sudt, sudt tiéu hao nhién liéu, khi thdi la hop Ii nhdt va phit hop véi dong co thire
nghiém. Pdy chinh la mot trong nhitng hudng nghién ciru tién tién trong nganh déng co dot trong. Pdc biét,

nghién cuu qua trinh chay cua nhién liéu biodiesel dung cho dong co diesel.
Tir khoa: Qua trinh chay, nhién li¢u biodiesel, phan mém KIVA, dong co diesel.

Giéi thi¢u

Qué trinh chay trong dong co ddt trong quyét
dinh dén cong suat, hiéu suét, mic kinh té, mirc phat
thai 6 nhiém va cic tinh ning dong co khi van hanh.
Céc nguyén ly lam viéc méi duge cai tién, cac loai
nhién liéu thay thé va nhién lidu tai tao (vi du: LPG,
CNG, biogas, dau thuc vat, biodiesel, xang pha
cdn...) khong ngimg duoc nghién ctru va phat trién
cho dong co ddt trong vi bai toan tiét kiém, st dung
hiéu qua nang luogng va bao v¢ moi trudng, chong
bién d6i khi hau. Qua trinh nghién ctru va phat trién
nay doi hoi nhiing cong cu manh mé trong thuc
nghiém va mo phong dong co dt trong, dac biét 1a
cac cong cy dé phan tich cac thong s6 dic trung cua
qua trinh chay. Giai quyét van dé, mot s6 chinh phu
nhu M¥ da thanh 1ap céc co sd nghién ctru qua trinh
chay (Combustion Research Facility - CRF) bit dau
hoat dong vao ndm 1981, chuong trinh nghién ctu
nang cao dong co dét trong (Advanced Combustion
Engine R&D - ACE R&D) bit diu vao nam 1986.
Mot trong nhirng hé théng c6 anh huong quyét dinh
dén cac chi tidu cua dong co diesel do 1a hé thong
cung cip nhién lidu va qua trinh chay ctia nhién liéu.
Nhién liéu dugc cung cip vao budng chay vao thoi
diém nao, chit lwong tia phun nhu thé nao dé cho
qua trinh chay dién ra t6t nhit. Vi véy, viéc nghién
ctru nham 1am cho hé théng nhién liéu hoat dong
t6t nhat, t5i wu nhat, luén nhan dugc su quan tam
cua cac nha nghién cuu. Cac co sé nghién clru qua
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trinh chiay CRF va phat trién dong co ACE R&D
da phat trién cac phan mém may tinh c6 kha ning
mo phong qua trinh phun, hinh thanh hon hop va
chay, chéng han nhu: KIVA, phﬁn mém nhiét dong
hoc qué trinh cong tac ciia dong co PROMO cua
Puc dya trén ly thuyét tinh toan dong lyc hoc chét
long CFD (computational Fluit Dynamics), phan
mém CLEERS (Cross-Cut Lean Exhaust Emissions
Reduction Simulation); phan mém BOOST, FIRE,
HYDSIM, EXCITE, GLIDE, TYCON, BRICKS
ctia hing AVL (cong hoa Ao). Phin mém tinh toan
KIVA, da dugc phat trién nhiéu nim qua tai Phong
thi nghiém qudc gia Los Alamos (Los Alamos
National Laboratory — LANL), Hoa Ky, 1a phan
mém CFD mé phong 2D va 3D cac dong luu chét
chay ri vai tia phun, ¢6 phan ting hoa hoc nhu mo
phong su chay cua dong co ddt trong.
Céu triic phan mém KIVA

KIVA3V la chuong trinh may tinh dung dé
mé phong cac qua trinh cia dong co dbt trong noi
chung va qua trinh phun nhién li¢u cta dong co
Diesel néi riéng. Cau tric ciia chuong trinh gdm 3
phén chinh:

“Pre - processor’”: k3prep chuong trinh
dung dé tao ludi cho mé hinh.

“Main - processor”: kiva3v_chuong trinh xtr
ly chinh.

“Post - processor”: Origin + Tecplot chuong
trinh tao biéu dd, hinh anh.
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Cac mo hinh tinh toan chinh trong KIVA

Viéc nghién ctru anh huong cua théng sb
phun nhién liéu trén dong co diesel phun truc tiép
duoc thyuc hién bing phdn mém mé phong KIVA3V.
Pay la chuong trinh mé phong dya trén cac phuong
trinh bao toan va chuyén héa vé nhiét, khéi luong
va md men giita cac pha khi trong xy lanh. Dé mé
phong dong chuyén dong rdi, mé hinh dong chay
r6i “Renormalized Group k-epsilon” (RNG k-€
) dugc Han va Reitz xdy dung nén [1]. Ngoai ra,
viéc két hop gitra hai mé hinh Kelvin-Helmholtz va
Rayleigh-Taylor dé hinh thanh nén mé hinh lai KH-
RT duoc st dung dé md phong qua trinh phén ra tia
nhién liéu ([2], [3]). Bén canh do, KIVA3V con st
dung rat nhidu cac mé hinh phy khac dé mé phong
c4c qué trinh xay ra khi nhién liéu phun vao budng
dbt cho dén khi bat dau bén lira nhu mé hinh bay
hoi nhién liéu, mé hinh truyén nhiét giita cic phan
tir, m6 hinh va cham gitra cac hat nhién li¢u [4].
Viéc khao sat su tac dong cua cac thong sb phun dén
6 nhiém moi truong thi KIVA3V sir dung mo hinh
Zel’dovich cho qua trinh hinh thanh NOx [5] va tinh
toan sy hinh thanh bd hong ciing nhu qué trinh 6 xi
hoa bd hong duoc md phong bang mé hinh bd hong
“8 budc” cua Foster [6]. KIVA3V str dung m6 hinh
lai Kelvin-Helmbholtz va Rayleigh-Taylor (KH-RT)
dé dién ta su phén ra tia nhién liéu. M6 hinh nay,
duogc phat trién dua trén mo hinh TAB, 1a mé hinh
duogc sir dung rat rong rdi trong viéc mod phong tia
phun “Lagrangian” ([71; [8]; [9 ]) Thuc nghlem
cho thdy, m6 hinh KH-RT dién ta t6t nhét cac diéu
kién hoat dong luon thay ddi cua dong co [10]. M6
hinh KH-RT 14 sy két hop giita hai mé hinh phan
rd tia phun: mo6 hinh Kelvin-Helmholtz, giai thich
su phat trién khong 6n dinh cua cac song bé mit
clia tia nhién lidu 16ng gdy ra boi su sai khac vé van
téc giita pha long va pha khi. M6 hinh Rayleigh-
Taylor, giai thich su phat trién s6ng bé mit cta cac
hat nhién li¢u do boi sy co xat giira cac bé mit hat
va khi.

Theo Kelvin - Helmholtz, 16p bién cua
truong tia nhién liéu sinh ra sy phat trién nhanh
chéng vé chiéu dai song (A,,,) va toc do hinh thanh
(Q,,) hat nhién liéu:

H1+0.4500%)(1+0.47a"7)
(1+0.856We" )"

Trong d6, Oh: s6 Ohnesorge; Ta: sé Taylor; We: sb
Weber.

o - (0.34+0.38me%) &
(14 0h)(1+1.47a™) Y pur°
Ban kinh t6i han cta hat nhién ligu r, - ban

kinh hinh thanh sau khi hat nhién li€u thoat khoi tia
phun phu thudc chiéu dai song AKH va toc do ma tai

A =9.02
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d6 hat nhién li¢u thoat khoi tia phun, hodc gia tri
thoi gian phén ra tia phun t,, (dai dién cho toc do
phén rd) phu thudc vao chleu dai song A, toc do
hinh thanh Q , va ban kinh hat nhién ligu, r:
1. = ByAgy

_3.726B,r

K QKU/IKH

Vi, r: ban kinh t6i han cua hat nhién ligu; B, B :
hang s6 mé hinh; r: ban kinh hat nhién liéu
Su bién thién kich thudc hat c6 thé duoc xac

dinh bang phuong trinh sau:
dr _ r—r.
dt — gy

Phuorng trinh trén mé ta toc do ma hat nhién
lidu dat dén trang thai can bang Thong sd B,vaB,
duogc tra trong Bang 1. Thong s0 B s€ xac dlnh dleu
kién dé su phan rd bat dau. Néu We <We,, b cac
hat nhién liéu s& tu dat t6i trang thai 6n dinh va qua
trinh phén ra tia phun khong xay ra. Thong s6 tha
hai, B , kiém sodt thoi diém ma tai d6 hat nhién ligu
m&i dugce hinh thanh.

Bang 1. Hang s6 mé hinh KH-RT

Théng s6 mé hinh Gia tri
B, 0.61
B 40.0
C. 1.0
C 0.1

6

egidi han

Theo Rayleigh - Taylor, viéc xuét hién hat
nhién liéu bi chi phbi boi toe do x4o tron trén bé mat
hat. Sy x40 tron nay bat dau tir dudi cua 16p bién
[11]. Chiéu dai séng (A,,) va téc do hinh thanh (
Qr 1) cho bdi cong thire:

Q. = 2|gt(pl_pg)|l-5
AT 3v30(p,tp,)
. duy\ u,
Vi, th( d) |u:|
3o
Apr =21C 7~
RT RT | t(o-l_o- )|
Trong do, C,, la thong s6 mo hinh. C,; xac dinh

diéu kién dé hat phén ra thanh cac hat m(n c6 kich
thudc nho hon, va thong sé nay ciing xac dinh kich
thudc ma hat méi dat duoc.

X4y dung mo hinh tinh toan moé phéng

Thong sd dong co nghién ctru mot xy lanh:

Hinh anh dong co nhu Hinh 1.

Tinh toan dugc thuc hién voi md hinh Iudi
xay dung theo dong co diesel nghién ciru AVL 5402
mot xy lanh, phun truc tiép voi mot kim phun c6 5
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16 phun. Thong s6 dong co nhu Bang 2.

S e

Hinh 1. Dong co diesel AVL 5402

Bang 2. Thong s6 dong co' 1 xy lanh AVL 5402

Théng sb Gia tri
S6 xy lanh 1
Duong kinh xy lanh 85 mm
Dung tich xy lanh 510.7 cm?
Ti s6 nén 17:1
Nhién liéu Diesel
Cong suét cyc dai 18/4200 kW/rpm
S6 lwong xupap 2 nap, 1 thai
Kiéu xy lanh Uot
Heé thdng phbi khi DOHC

Bosch CP1 1350Bar
5x0.17mm x 1420

Kiéu kim phun

S6 16 tia x duong kinh

X goc phun
Luu lugng 375ml/30s
Do nang kim 0.2mm

XAy dung mo hinh lwéi mé phong

Viéc tao md hinh luéi dong co AVL 5402
trong KIVA3V dua vao cac thong sé dau vao tai
Bang 2. Xac dinh cac théng sb két cau khac cua
dong co nghién ctru nhu: vi tri va bién dang hinh
hoc clia budng chay trén dinh piston. Xac lap bién
dang hinh hoc cia budng chéy trén dinh piston dugc
thuc hién dyua vao ban v& thiét ké tir nha san xuét
AVL trinh bay trén Hinh 2.

Goc mod phong duoc xac dinh bang 72°
- twong trung cho 1/5 khong gian budng dbt, goc
mo phong xac dinh dua vao kim phun st dung trén
ddng co nghién ctiru AVL 1a loai 5 13 tia va két cau
hinh hoc cia budng d6t di xtimg qua dudng tam xy
lanh nhu Hinh 3.

Nip qui lat

Zone 2

Zone 3

Vach xy lanh

]

Hinh 3. Phdn vung va lap toa do diém vi tri bién
cua piston

Sau khi xac dinh céc thong sé can thiét cho
tép tin dau vao Iprep.txt. Két qua ta thu dugc mot
mod hinh ludi cua dong co AVL nhu Hinh 4 véi goc
moé phong 72°. M6 hinh luéi bao gdm 37 ving theo
phuong huéng kinh, 36 ving theo phuong tiép
tuyén va 31 ving theo phuwong hudng truc, va duogc
tao boi 44975 6 khi piston & vi tri diém chét dudi.

BLS L4
40,8
| %
- A
U\_ 03_
=l adl =
/V, 30,: c?,
/ 345 8 =
~F
J 1
'
I \ |

Hinh 2. Bdn vé thiét ké piston AVL

30  Khoa hoc & Cong nghé - S6 13/Thang 3 - 2017

Hinh 4. M6 hinh hedi buong dot piston AVL véi goc
mo phong 72°
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Két qua va thao luan

Hinh 5 thé hién su bién thién 4p suét trong
xy lanh theo goc quay truc khuyu & cac ché do tai
40%, 60% va 80%. C6 thé thay do tat ca cac thong
s6 phun khong thay d6i, qua trinh chay cta ca ba
ché do tai nhu nhau, thé hién ¢ su gia ting ap suat
ddng nhét. Sy khac biét chi thé hién & gid trj ap suat
cuc dai, tang dén va 16n nhat voi ché do 80% tai.

100 -
—=—P40
so{ ——P60
—a— P80
= god
3
g
2
40
2
o
20
0 1 U 1 I 1 I U 1 L 1 I Ll I 1
<120 -100 -80 -60 -40 20 0 20 40 60 80 100 120 140 160
Crank Angle, deg.

Hinh 5. Bién thién dp sudt (thie nghiém) & cdc ché
do tai 40%, 60% va 80%

Hiéu chinh m6 phéng véi thue nghiém: Hinh
6 so sanh sy bién thién 4p suit xy lanh khi chwa
phun nhién li¢u. Pudng nét roi la dudng cong thuc
nghiém, con nét lién 1a dudong cong mé phong. Sy
trung khop cua ha1 duong cong chiing minh thong
sO ty s6 nén, ap suit ban dau va nhiét do ban dau cta
md phong 1a phu hop.

50 -
45
40
55
304

25

Pressure, bar

20

0 ; T T T T T T T T
-140 120 -100 -80 -60 -40 20 O 20

Crank Angle, deg.

T T T T T 1
40 60 80 100 120 140

Hinh 6. So sdnh dp sudt xy lanh khi khong xay ra chay

Két qua mod phong dién hinh cua mot truong
hop bat ky, ¢ diy dugc chon 1a truong hop 80%
tai, thoi diém phun nhién liéu -18°ATDC, thoi gian
phun 10° goc quay truc khuyu (CA — Crank Angle).
Hinh 7 thé hién su bién thién 4p suit va nhiét do
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trong xy lanh theo goc quay truc khuyu tir thoi diém
xU pap nap dong (-134°ATDC) dén khi xu pap thai
bat dau m¢o (128°ATDC).

w777 20
L 1800
—o—Press

80 —i—Temp L 1600

- 1400
¥
= 0 -
8 L1200 @
E" =
5 10 §
g 1 g
a 300 @

20 L 600

- 400

o L) L) T T T T T T T T T T M

140 -120-100 -80 60 40 20 0 20 40 60 80 100 120 140

Crank Angle, deg.

Hinh 7. Bién thién dp sudt va nhiét @3, 80% tdi, thoi
diem phun -18°ATDC

Hinh 8 gi¢i thiéu mo hinh mo phong tai thoi
diém -17°ATDC, khi nhién liéu vira dugc phun vao
budng chay dong co. D& nghién ctru chi tiét sy hinh
thanh cua NOx trong bu6ng chay, mot mat cat di
ngang tia nhién liéu duoc tao ra. Hinh 8 a, b, ¢ trinh
bay ndng do va sy phan bd ciia NOx trén mit cét
ngang nay tai ba thoi diém: 0°ATDC, 10°ATDC va
20°ATDC. Céc dudng lién nét trén hinh thé hién cac
duong ding hé s6 du luong khong khi ® =0.8, 1.0
va 1.2. Cac mit cét thé hién sy phan bd nhiét do
tuong tng cling dugc trinh bay ¢ cac hinh 8 d, e, f.

0°ATDC

10°ATDC 20°ATDC

204100

Phan bd NOx

Temp.

20
250
2100
1750
1400

aroe 10ATDC 20ATDC

e) f)

Hinh 8. Sw phdn b6 nhiét do va nong dg NOx trén
mat cdt tai 0°, 10° va 20°’ATDC

d)

O thoi diém 0°ATDC, nhiét do trong xy lanh
con kha thap hon ngudng can thiét nén NOx hau nhu
chua dugc tao nén (Hinh 8 a). O 10°ATDC, khu vuc
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c6 nhiét d cao nhét 1én dén 2800K (hinh 8 ¢) va tap
trung quanh ving c6 @ tir 0.8 dén 1.2. Pay chinh la
khu vuc mang lira. Do cac diéu kién thuan lgi nhu
vay, lugng NOX trong budng chay hinh thanh manh
va ciing tap trung quanh khu vic c6 @ tir 0.8 dén
1.2 (hinh 8 b). Bén 20°ATDC, lugng NOx trong Xy
lanh khong con tao ra thém vi nhiét d6 da giam dudi
ngudng can thiét va thiéu oxy trong xy lanh.

Két luan

Tir cac két qua nghién ciru trén ddy, c6 thé
rit ra cac két luan sau déy:

- Thoi diém phun cang tré thi thoi gian chay
tré cang ngan. Véi ciing mot thoi diém phun, dong
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SIMULATION OF BIODIESEL FUEL COMBUSTION
IN DIESEL ENGINES WITH CFD-KIVA SOFTWARE

Abstract:

One of the systems has a decisive effect on the quality of combustion process, as well as the
performance of diesel as the fuel supply system. Thus, the study aims to make fuel system works best, most
optimal; always get the attention of researchers worldwide. KIVA calculation and simulation software, was
developed many years at Los Alamos National Laboratory (Los Alamos National Laboratory - LANL), USA,
is the CFD simulation sofiware for 2D and 3D fluid flow turbulence with rays spray, chemical reactions
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such as combustion simulation of combustion engines. KIVA3V the computer program used to simulate
the process of internal combustion engines in general and the fuel injection, combustion of diesel fuel in
particular. This paper presents the results of the KIVA software application to find out the optimum value
of injection timing at which the parameters of power, fuel consumption rate, gas is the most logical and
consistent Experimental matching engine. This is one of the advanced researches in internal combustion
engines. In particular, studies of combustion of biodiesel fuel for diesel engines.

Keywords: Combustion, biodiesel fuel, KIVA sofiware, diesel engine.
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