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TOM TAT

Qud trinh bay hoi cua tia nhién liéu diesel trong méi truong hon hop khong khi-biogas

dwoc md phong nho phan mém CFD FLUENT. Két qua cho thdy khi phun diesel trong ciing

dieu kién nhiét dé, bay hoi ciia tia trong mdi trwong khong khi gan Véi bay hoi cia nd trong

moi truong COz & ap suat thap, Nhung gan Véi bay hoi trong méi trwong CHy ¢ diéu kién ap

sudt cao. Trong méi trweong hon hop khéng khi- -biogas, bay hoi cua tia phun diesel phu thugc

Vvao ti Ié CH4/CO, trong nhién liéu. Trong cing diéu kién phun va thanh phan khi trong hon

hop, bay hoi cia tia diesel giam khi &p sudt buong chdy tang, nhung tang manh khi tang nhiét

dé cua hon hop trong bUOng chay. Cung mét luong phun diesel cung cap vao bUOng chay, khi

tang leu lrong phun thi téc d@é bay hoi cua hat nhién lidu diesel tang. Do dé, dé cai thi¢n qua

trinh bay hoi va ddnh lira ciia déng co dual fuel biogas-diesel ching ta nén rat ngen thoi gian
nhung tang luu lwong phun.

Twr khoa: Dong co lwong nhién liéu biogas-diesel; phun diesel; héa hoi tia phun; mé phong sw phun;
CFD.

ABSTRACT

Simulation of vaporization of diesel jets in air-biogas mixture is carried out with CFD
software FLUENT. The results show that at the same temperature, injection of diesel jets in
air approaches its vaporization in CO; at low pressure but approaches its vaporization in
CHy, in high pressure. In biogas-air mixture, vaporization of diesel jet depends on CH,/CO,
ratio in the fuel. In the same injection conditions and mixture components, vaporization of
diesel jets decreases as pressure increases but it increases sharply when the temperature of
the mixture in the combustion chamber goes up. With the same diesel quantity injected into
combustion chamber, vaporization increases as jet flow goes up.

Keywords: Biogas-diesel dual fuel engine; diesel injection; vaporization of diesel jet;
injection simulation; CFD.

1. GIOI THIEU

Qua trinh danh lia dong co dual fuel
biogas-diesel c6 thé gia dinh nho nguon nhiét
hinh tru [1], [2]. Gia dinh nay dan dén sai

loai dong co nay nham tdi wvu héa qué trinh
cbng t&c, ching ta can xem xét qué trinh
danh Iira va chay cua tia phun moi diesel.

lsch nhdt dinh gitta m6 phong va thuc
nghiém trén dong co dual fuel [3]. DE the
hién rd hon ban chat qua trinh danh Iua cua

Sy phét trién tia phun diesel trong moi
truong khong khi da dwoc nghién curu tuong
tan va da trd thanh kinh dién trong céc tai
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lieu v& dong co d6t trong. Chat lugng qué
trinh chay trong dong co diesel phu thudc
nhiéu vao toc do bay hoi ciia hat nhién ligu.
Qua trinh bay hoi phu thudc vao diéu kién ly
hoa trong budng chay va diéu kién phun. Sy
phan b kich thudc hat nhién liéu trong tia
phun, duong kinh trung binh cua hat nhién
lieu 12 céc thdng sb vat ly anh huong dén qua
trinh bay hoi hat nhién liéu. Co ché tao hat
duoc khéng ché boi mic do rdi (phu thuoc
vao sb Reynolds), twong tac khi doéng hoc
giita tia phun va moi truong luu chat va stc
cang bé mit. Anh huong cua luc khi dong
hoc va strc cang bé mat duoc biéu dién thong
qua s6 Weber cua dong chay, sé nay khéng
ché co ché hinh thanh hat trong tia [4]. Tia
phun trong dong co diesel bi phan ra thanh
hat theo co ché ma sat va pha v&. Toc do
phun va &p suit trong budng chay anh husng
dén c6 ché nay [5].

Dé co duoc céc thong tin lién quan dén
nong do nhién lidu, ngudi ta s dung céc
phuong phap do quang hoc dua trén ky thuat
laser. Cac phuong phap nay ciling nhan dang
dugc pha hoi caa nhién liéu [6]. Néu pha vao
nhién liéu chat theo diu phu hop thi cac pha
long va khi c6 thé nhan dang dugc nho phét
Xa ¢ cac buoc song khac nhau [7], [8], [9].
Mat do khdi lwong anh huong manh dén do
xuyén thau cua tia phun: mat do6 khéi luong
tang, do xuyén thau giam manh [10]. Nhiét
d6 moi chit tang lam giam do xuyén thau cua
tia, nhung nhiét do nhién li¢u trong tia khong
anh huong 16n dén do xuyén thau so véi
nhiing thdng sé khac [11].

Trong nhitng cu hinh k¥ thuat phac tap
va nhé gon nhu trong buong chdy dong co
dbt trong, viéc nghién cau bang thuc nghiém
hét strc kho khin va khé co thé tong quat hoa
nghién cau trong nhitg truong hop khac
nhau. M6 phong su phat trién cua tia phun rat
phu hop trong du bao cac qua trinh khi dong
lyc hoc dién ra trong tia lam nén tang nghién
clru quéa trinh chay khuéch tan.

M6 phong su phét trién cua tia phun dya
trén du doan dich chuyén cua cac hat trong
tia phun bang tich phan lyc tac dong Ién cac
hat nay. Su phan tan cua hat do dao dong rdi

c6 thé dwoc md hinh héa biang mé hinh ¢am
may hat. Sy phan tan réi cua hat quanh quy
dao trung binh dugc tinh toan theo phuong
phap théng ké. Mat do hat quanh quy dao
trung binh dwoc dac trung boi ham mat do
X4c suat Gauss ma mach dong cua nd dua
vao do phan tan cua hat do mach dong réi.
Quy dao trung binh nhan duoc béng cach giai
phuong trinh trung binh téng thé md ta sy
chuyén dong cua tat ca cac hat hién dién
trong ddm may.

M6 hinh dam may hat duoc xay dung
dwa vao phuong phap théng ké xéac suat dé
xac dinh sy phan tdn cua hat trong moi
truong réi xung quanh quy dao trung binh.
Quy dao trung binh dugc tinh toan trén co s¢
trung binh cac phuong trinh van chuyén hat
cd mat trong dam mdy. Dam may di vao
vung tinh toén tu d1em ngu0n bam may dan
nd ra do qué trinh rdi tir dau vao dén dau ra.
Sy phan bé hat trong dam may duoc xac dinh
nho phuong trinh mat do xac suat dua trén vi
tri cia dam may tuong ddi so véi thm cia né.
Gia tri mat do xac suat thé hién kha ning tim
thay hat trong dam may véi thoi gian ton tai t
& Vi tri xi trong dong chay. Gia tri trung binh
cua mat do xac suat, hay tdm caa dam may,
tai thoi diém cho trudce biéu didn vi tri nhiéu
kha ning ton tai nhit caa hat trong dam may.

Bay hoi bat dau khi nhiét 6 hat dat dén
nhiét 46 bdc hoi va tiép tuc dén khi hat nhién
liéu dat dén diém soi hay dén khi toan bo
nhitng chat bay hoi trong hat béc hoi hoan
toan. Trong c6ng trinh nay, chdng toi tap
trung nghién ciru md phong su phat trién cua
tia phun diesel trong budng chay dong co sir
dung nhién liéu biogas c6 thanh phan CH,
khac nhau bang phan mém FLUENT.

2. PIEU KIEN BIEN SU DUNG TRONG
MO PHONG

- Diéu kién hén hop

MO phong su bay hoi cua hat nhién li¢u
trong tia phun diesel dugc thuc hién nho
phan mém Fluent. Budng chay nghién ctu
duoc gia dinh c6 dang hinh tru c6 duong
kinh 140mm va chiéu cao 300mm (thé tich
4,62lit). Hn hop mdi chét trong budng chay
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gom khong khi va biogas. Nhién liéu biogas
duoc ky hiéu MxCy (x% CH; va y% CO;
theo thé tich). Nhu vay hdn hop khi trong
budng chay trudc khi phun nhién liéu diesel
gom: CH,, COy, O, va N,. Trong tinh toan
thanh phan hdn hop dugc md phong tuong tu
nhu thanh phan hdn hop cung cip cho dong
co dual fuel biogas-diesel.

€ >

Hinh 1. Kich thudc
buong chay mo phong

Trong phan nay chdng ta nghién ciu sy
phat trién tia phun diesel trong hdn hop
biogas-khong khi vagi hai nhién liéu biogas
khac nhau dugc ky hiéu M8C2 (biogas chura
80%CHy,, 20% CO, theo thé tich) va M6C4
(biogas chtra 60% CH, va 40% CO, theo thé
tich).

Pé @6t chay hoan toan 1g CH, ta can 4g
0,. Trong hén hop biogas-khong khi, thanh
phan khéi luong O, xap xi trén 20%, do do
thanh phan khéi luong CH,4 c6 thé chon xap
Xi 5%. Do d6 thanh phan CO, trong hdn hop
3% va 9% theo thu tu ang vai nhién liéu
M8C2 va M6CA4.

Thanh phan hdn hop tinh todn cho bsi
bang 1 (tinh theo % khoi lugng):

Bang 1. Thanh phan h(:;n hop tinh toan (tinh
theo % khoi lugng)
CH; | CO2 | O2 | N2

M8C2 5 3 |21 |71
M6C4 5 9 | 20 | 66

- Piéu kién tia phun.

Budng chay st dung trong tinh toan mo
phong c6 thé tich 4,62lit. Lugng khong khi
nay cd thé dung dé d6t chay hoan toan 0,4g
diesel. Trong tinh toan ta chon luu luong
nhién liéu ra khoi voi phun la 0,01kg/s va
0,005kg/s. Thoi gian phun la 5ms, do do
lwong nhién liéu diesel phun vao budng chay
trong @ng la 0,059 va 0,025g tac chiém
12,5% va 6,25% luong nhién liéu diesel cuc
dai c6 thé phun vao budng chay.

3. KET QUA VA BINH LUAN
3.1. Anh huwéng ciia ap suit budng chay

Cac hinh 2, hinh 3 gigi thiéu bién thién
nong d6 hoi nhién liéu diesel trong budng
chay chaa hon hop biogas-khong khi. Ching
ta thay trong cac diéu kién nhu nhau, khi ap
suit trong budng chay ting 1én thi néng do
hoi nhién liéu trong budng chay giam.
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Hinh 2. Anh huéng cia &p sudt buong chay
den sy phét trién cua tia phun #ng véi M6C4,
T=450K, Q=0,01kg/s
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Hinh 3. Anh huéng cia &p suat buong chay
den sy phat triéen cua tia phun #ng vai M8C2,
T=450K, Q=0,01kg/s
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Anh huong cua &p suat trong budng chdy  thip, nong d6 hoi nhién liéu dat gia tri béo
dén qua trinh bay hoi cua hat nhién liéu hoa sém hon & nhiét d6 cao. Nong do hoi
diesel c6 thé giai thich rd rang hon trén cac  nhién lidu on dinh khong c6 nghia 1a tit ca
hinh 4 va hinh 5 vé bién thién mat do hat cac thanh phan c6 mat trong hat nhién liéu da
kg/m?® theo thoi gian. Két qua mo phong cho  bay hoi hét ma chi c6 nhiing thanh phan c6
thiy sau khi két thdc phun, mat do hat trong  nhiét do bay hoi thdp hon nhiét d6 méi chat
truong hop p=5bar gan nhu 6n dinh trong khi  trong budng chay bay hoi.
d6 trong truong hop p=3bar, mat do hat tiép .

tuc giam do céc hat tiép tuc bay hoi.
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Hinh 4. Anh huwdng cua ap suat trong buong p=3bar, Q=0,005kg/s
chay den bien thién mdt do hat nhién ligu
diesel theo thoi gian izng véi M6C4, T=450K,
Q=0,01kg/s S ——
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Hinh 7. Anh huong cua nhiét do mOi chat
t/ms] trong buong chday dén bien thién nong dé hoi
0

nhién liéu theo thoi gian #ng véi M8C2,
p=3bar, Q=0,005kg/s
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Hinh 5. Anh hwong cua &p suat trong buong

chdy dén bién thién mdr dg hat nhién licu 3.3. Anh huéng ciia nhién li¢u biogas
diesel theo thoi gian g véi M8C2, T=450K, . . L o
Q=0,01kg/s Hinh 8, hinh 9 giéi thiéu anh huong cua

nhién liéu biogas dén ndéng hoi nhién ligu
3.2. Anh huéng ciia nhiét d9 hon hgp dén  diesel trong buong chay.

Sy phat trien cua tia phun Hinh 10 gici thiéu bién thién mat do hat

Khi nhiét do hdn hop biogas-khéng khi  nhién liéu diesel trong budng chéy ¢ cing diéu
ting cao thi ndong do hoi nhién liéu diesel kién nhiét do, ap suat va diéu kién phun nhung
trong hdn hop ciing ting theo do nhién liéu  Vvai biogas M8C2 va M6C4. Két qua md phong
bdc hoi nhanh & nhiét 6 cao. Két qua mdé cho thdy mat do hat trong truong hop M6C4
phong tir hinh 6, hinh 7 cho thiy ¢ nhiét 40 cao hon mat d¢ hat trong trudng hop M8C2.
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Hinh 8. Anh huong cia nhién ligu biogas dén
nong do hoi diesel
(p=3bar, Q=0,01kg/s, T=300K)
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Hinh 9. Anh huong ciia nhién lidu biogas
den nong do hoi diesel
(p=3bar, Q=0,01kg/s, T=450K)
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Hinh 10. Ank huong cia nhién ligu d@én bién
thién mdt do hat nhién liéu trong buong chay
(p=3bar, T=450K, Q=0,005kg/s)

Nhu vay khi thanh phan CH, trong
biogas tang khong nhitng cai thién duogc qua
trinh chay ma con cai thién duoc tinh trang
bay hoi cua tia phun diesel dan dén cai thién
chat lugng danh lira bang tia phun moi.

3.4. Anh hwéng caa lwu lwong phun

Anh huéng caa luu luong phun dén bién
thién nong do hoi diesel theo thoi gian dugc
trinh bay trén céc hinh 11, hinh 12. Két qua
tinh toan cho thay khi lyu lugng phun ting
thi ndng d6 hoi nhién liéu diesel tai mot thoi
diém cho trudc sau khi phun ciing ting. Téc
do tang néng do hoi nhién liéu khi luu lugng
phun 16n cao hon téc do ting ndng do hoi
nhién liéu khi téc d6 phun bé. Do d6 dé hdn
hop bay hoi nhanh, tao diéu kién cho qua
trinh chay dién ra hoan toan ching ta nén
tang luu lugng phun nhung giam thoi gian
phun dé dam bao lwong nhién liéu cung cip
cho mét chu trinh khong thay dbi.
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Hinh 11. Anh hieong cuia heu lieong phun dén
biéen thjén nong dé hoi nhién li¢u diesel trong
buong chay (M6C4, p=5bar, T=450K)
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Hinh 12. A’n‘h hieong ciia heu lieong phun dén
bien thjén nong dé hoi nhién ligu diesel trong
buong chay (M8C2, p=5bar, T=450K)

4. KET LUAN

Két qua nghién cau trén day cho phép
chting ta rat ra dugc nhitng két luan sau day:
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- Bay hoi cua tia phun diesel trong moi
truong khdng khi gan véi méi truong CO, &
diéu kién &p suat budng chay thip va gan voi
moi truong CH4 & diéu kién ap suat budng
chay cao. Anh huéng cua hdn hop khong
khi-biogas trong budng chay phu thudc vao ti
I¢ CH4/CO, trong nhién ligu.

- Trong cung diéu kién phun va thanh
phan hon hop mai chat, bay hoi cua tia diesel
giam khi ap suat buong chay tang, nhung

91

taing manh khi ting nhiét d6 cta hén hop
trong budng chay. Nong d6 hoi nhién liéu
diesel giam 2 dén 3 lan khi &p suit ting tir 3
bar 1én 5 bar trong cung diéu kién nhiét do.

- Cung mot luong phun, khi ting luu
lwong phun theo thoi gian thi téc do bay hoi
cua hat nhién li¢u diesel taing. Do do, dé cai
thién qua trinh bay hoi va danh Itra cua dong
co dual fuel biogas-diesel ching ta nén rut
ngan thoi gian nhung tang luu luegng phun.
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