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MO PHONG SU BAY HOI CUA TIA NHIEN LIEU PHUN MOI
TRONG PONG CO DUAL FUEL BIOGAS-DIESEL

SIMULATION OF VAPORIZATION OF DIESEL JETS
IN BIOGAS-DIESEL DUAL FUEL ENGINES

Bui Vin Ga', Nguyén Viét Hai%, Vo Anh Vi, Lé Trung?
B¢ Gido duc va Ddo tao; buivanga@dongcobiogas.com
’Truong Dai hoc Bd(;h khoa, Pai hoc Da Ndng
3Truong Cao dang Cong nghiép Hué

Tém tat - Qua trinh bay hoi cda tia nhién liéu diesel trong méi truong
hén hop khéng khi-biogas duoc md phéng nho phan mém CFD
FLUENT. Két qua cho théy khi phun diesel trong cung diéu kién nhiét
do, bay hoi cla tia trong méi trwdng khédng khi gan voi bay hoi cia
no trong moi trwong CO. 6 ap suét thap, nhwng gan v&i bay hoi trong
méi trwéng CH, & diéu kién ap suét cao. Trong méi treong hén hop
khong khi-biogas, bay hoi cla tia phun diesel phuy thudc vao ti 1é
CH,/CO; trong nhién liéu. Trong cung diéu kién phun va thanh phan
khi trong hén hop, bay hoi clia tia diesel gidm khi ap suét budng chay
tang, nhung tdng manh khi tang nhiét do ctia hdn hop trong budng
chay. Cuing mét lwgng phun diesel cung cép vao budng chay, khi
tang lwu lwong phun thi téc dd bay hoi clia hat nhién liéu diesel tang.

T khoa - dong co lwdng nhién liéu biogas-diesel; phun diesel;
héa hoi tia phun; mé phéng sw phun; CFD.

1. Gi6i thiéu

Qua trinh danh hra dong co dual fuel biogas-diesel co
thé gia dinh nho ngudn nhiét hinh try [9], [10]. Gia dinh
nay dan dén sai léch nhét dinh giita moé phong va thuc
nghiém trén dong co dual fuel [11]. Dé thé hién rd hon ban
chat qua trinh danh ltra ctia loai dong co ndy nham ti uwu
hoa qua trinh cong tic, chung ta can xem xét qua trinh danh
lira va chay cua tia phun moi diesel.

Sy phat trién tia phun diesel trong méi trudng khong
khi da dwoc nghién ciru tudng tan va da tro thanh kinh dién
trong cac tai liéu vé dong co ddt trong. Chat lugng qué trinh
chay trong dong co diesel phu thudc nhidu vao toc do bay
hoi cta hat nhién li¢u. Qua trinh bay hoi phu thudc vao diéu
kién 1y hoa trong budng chay va diéu kién phun. Sy phan
b6 kich thudc hat nhién liéu trong tia phun, dudng kinh
trung binh cta hat nhién liéu 1a cac thong sé vat 1y anh
hudng dén qua trinh bay hoi hat nhién liéu. Co ché tao hat
dugc khéng ché boi muc do rdi (phu thudc vao sb
Reynolds), tuong tac khi dong hoc giira tia phun va moi
truong luu chat va ste cang bé mat. Anh hudng cua luc khi
dong hoc va strc cang bé mit dugc biéu dién thong qua sb
Weber ctia dong chay, s nay khdng ché co ché hinh thanh
hat trong tia [1]. Tia phun trong dong co diesel bi phan ra
thanh hat theo co ché ma sat va pha v&. Téc do phun va ap
suét trong budng chdy anh huong dén c6 ché nay [2].

Pé c6 duoc cac thong tin lién quan dén ndng d6 nhién
li¢u, nguoi ta st dung cac phuong phap do quang hoc dua
trén ky thuat laser. Cac phuong phap nay cling nhan dang
dugc pha hoi ctia nhién liéu [3]. Néu pha vao nhién liéu
chat theo dau phu hop thi cac pha 1ong va khi ¢ thé nhan
dang dugc nho phat xa & cac budc song khac nhau [4], [5],
[6]. Mat @6 khdi luong anh huong manh dén d6 xuyén thau

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 CH,4 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.

Key words - Biogas-diesel dual fuel engine; diesel injection;
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clia tia phun: mat d¢ khdi luong ting, o xuyén thau giam
manh [7]. Nhiét d6 moi chat ting lam giam do xuyén thau
cua tia, nhung nhi¢t d§ nhién li¢u trong tia khong anh
huong 16n dén do xuyén thau so véi nhimng thong s6 khac
[71, [8].

Trong nhirng cAu hinh ky thuét phtre tap va nho gon nhu
trong budng chay dong co dbt trong, viéc nghién ctru bing
thuc nghiém hét sirc kho khin va khé co thé tong quat hoa
nghién ctru trong nhirng truong hop khac nhau. M6 phong
su phat trién cua tia phun rat phi hop trong du bao cac qua
trinh khi dong luc hoc dién ra trong tia lam nén tang nghién
ctru qua trinh chay khuéch tan.

Mo phong su phat trién cua tia phun dua trén du doan
dich chuyén cua cac hat trong tia phun bang tich phan lyc
tac dong 1én cac hat nay. Su phan tan ctia hat do dao dong
roi ¢ thé dwgc mé hinh hoéa bang mé hinh dam may hat.
Su phan tan rdi ctia hat quanh qui dao trung binh dugc tinh
toan theo phuong phéap théng ké. Mat do hat quanh quy dao
trung binh dugc dac trung bdi ham mat do xac suat Gauss
ma mach dong cua n6 dua vao do phan tan cta hat do mach
dong réi. Quy dao trung binh nhan dugc bang cach giai
phuong trinh trung binh tong thé mé ta sy chuyén dong cua
tat ca cac hat hién dién trong dam may.

Mo hinh ddm may hat dugc xay dung dua vao phuong
phap thong ké xac sudt dé xac dinh sy phan tan cua hat
trong moi trudng réi xung quanh quy dao trung binh. Quy
dao trung binh dugc tinh toan trén co sé trung binh céc
phuong trinh van chuyén hat c6 mat trong dam may. Pam
may di vao ving tinh toan tir diém ngudn. Pam may dan
no ra do qué trinh rdi tir ddu vao dén dau ra. Sy phan bd hat
trong ddm may duoc xac dinh nho phuong trinh mat do xac
sudt dua trén vi tri ciia ddm may tuong d6i so véi tim cia
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n6. Gia tri mat d¢ xac sudt thé hién kha nang tim thay hat
trong dam may vai thoi gian ton tai t & vi tri x; trong dong
chay. Gia tri trung binh cua mat do xac sut, hay tdm cua
dam may, tai thoi diém cho trude biéu dién vi tri nhiéu kha
nang ton tai nhit cia hat trong dam may.

Bay hoi bat dau khi nhiét do hat dat dén nhiét d6 bdc hoi
va tiép tuc dén khi hat nhién liéu dat dén diém soi hay dén
khi toan bg nhitng chat bay hoi trong hat béc hoi hoan toan.

Trong cong trinh nay, chung toi tap trung nghién clru
mo phong su bay hoi ctia nhién li¢u trong tia phun diesel
khi phun vao méi trudng hdn hop biogas-khong khi dya
vao phan mém FLUENT.

2. Piéu kién bién sir dung trong mé phdng

- Piéu kién hon hop khi

MO0 phong su bay hoi cua hat nhién li¢u trong tia phun diesel
dugc thyc hién nhd phan mém FLUENT. Budng chay nghién
ctu dugce gia dinh c¢6 dang hinh try ¢6 duong kinh 140mm va
chiéu cao 300mm (thé tich 4,62 lit) (Hinh 1). Hon hop moi chit
trong budng chay gdm khong khi va biogas. Nhién liéu biogas
duoc ky hiéu MxCy (x% CHs va y% CO theo thé tich). Nhu
vy hdn hop khi trong budng chay trude khi phun nhién lidu
diesel gdm: CHa, CO,, O, va N,. Trong tinh toan thanh phéan
hén hop duge md phong twong tw nhu thanh phan hén hop cung
cap cho dong co dual fuel biogas-diesel.

300
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|

Hinh 1. Kich thuée buong chdy mé phong
Pé @6t chay hoan toan 1g CHy chung ta can 4g O,. Tur
d6é ching ta c6 thé tinh toan thanh phan cac chat trong
buong chay ung vdi hé s6 tuong duong ¢ cho trude. Bang

1 gi6i thiéu thanh phan cac chét khi nong d6 CH, trong hon
hop 1a 5% ung véi cac nhién li¢u biogas khac nhau va hé
sO twong duong ¢ twong tng.

Bing 1. Thanh phan khéi lwong cdc chat trong hén hop

%V-CHs | %M-CHas | %M-CO2 | %M-O2 | %M-N2
trong | trong hon | trong hon |  trong trong )
biogas hop hop hon hop | hon hop
40 5 20,63 17,11 57,26 1,17
45 5 16,81 17,98 60,21 1,11
50 5 13,75 18,69 62,56 1,07
55 5 11,25 19,26 64,49 1,04
60 5 9,17 19,74 66,09 1,01
65 5 7,40 20,15 67,45 0,99
70 5 5,89 20,5 68,61 0,98
75 5 4,58 20,8 69,62 0,96
80 5 3,44 21,06 70,50 0,95
85 5 2,43 21,29 71,28 0,94
90 5 1,53 21,5 71,97 0,93
95 5 0,72 21,68 72,6 0,92
100 5 0,00 21,85 73,15 0,92

- Piéu kién tia phun diesel

Diesel bao gém cac phan tir 6n dinh nhu CioHa,
Ci3Hzs va Ci2Has. Thong thuong nguoi ta st dung thanh
phan hoa hoc trung binh cua diesel 1a Ci2Has. Diesel co
nhiét d tu chay 483K. Lugng khong khi trong budng chay
md phong néu trén c6 thé dung dé d6t chay hoan toan 0,4g
diesel. Trong tinh toan ta chon luu lugng nhién li€u ra khoi
voi phun 1a 0,01kg/s va 0,005kg/s. Thoi gian phun 1a Sms,
do d6 luong nhién lidu diesel phun vao budng chay tuong
tmg 13 0,05g va 0,025g tic chiém 12,5% va 6,25% lugng
nhién liéu diesel cyc dai ¢6 thé phun vao budng chay.

Nhing diéu kién trén 1a diéu kién ddu vao co ban dé tinh
toan sy phat trién va bay hoi cua tia phun diesel bang phan
mém FLUENT. Hinh 2 giéi thiéu sy phat trién cta tia phun
diesel trong hdn hop gia dinh gom 80% khong khi va 20%
CH., 4p suat budng chay 3 bar, nhiét d6 325K. Chung ta thiy
sau khi két thuc phun tai thoi diém 5ms, tia phun bat dau
phén ra manh bién dan thanh dam may hat nhién li¢u, di xa
dan miéng voi phun. Khi ddm may hat din ng thé tich, cac
hat nhién liéu bay hoi nhanh dan, sb luong hat giam dan va
ndng d6 hoi nhién liéu ting 1én trong budng chay.
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Hinh 2. S phat trién tia phun diesel trong hén hop biogas-khéng khi (p=3 bar)
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Hinh 3. Su phat trién tia phun diesel trong moi lru"ong hon hop biogas-khéng khi (p=10 bar)

Hinh 3 gidi thiéu bién thién tia phun diesel trong cing
diéu kién nhu trén, nhung véi dp suat budng chay 10 bar.
Do 4p suat trong budng chay ting cao, d6 xuyén thiu cua
tia phun giam, dam may hat phan tan gin miéng voi phun.
Cung nhiét d6 moi truong, toe do bay hoi cua nhién li¢u &
ap suét cao thap hon trudng hop ap suét thap. Néu nhiét do
khong ting thi sé luong hat bay hoi giam di rat it va ndng
d6 hoi nhién liéu trong budng chay gan nhu 6n dinh.

3. Két qua va binh luin
3.1. Anh huwéng ciia thanh phan méi chét trong buong chdy
Hinh 4a va Hinh 4b giéi thi¢u bién thién ndng d¢ hoi
nhién’liéu die§el trong budng chay ¢ cung diéq kién nhiét do,
ap sudt va diéu kién phun tia diesel trong budng chay chira
lan lugt cac chat CHa, CO; va khong khi & ap suat 3 bar va 5
bar. Chung ta thay ¢ ap suat buong chay thap thi duong cong
bay hoi tia diesel trong trurong hop budng chay chua khong
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Hinh 4a. Anh huweéng ciia méi cht trong buong chay dén bién thién
nong do hoi diesel theo thoi gian (p=3bar, T=450K, Q=0,01kg/s)
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Hinh 4b. Anh hwong ciia méi chat trong buong chdy dén bién thién
nong do hoi diesel theo thoi gian (p=>5bar, T=450K, Q=0,01kg/s)

khi gan voi truong hop budng chay chira CO,. Tuy nhién &
ap suat budng chay cao thi dudng cong bay hoi nhién liéu
diesel trong trudng hop budng chay chira khong khi lai tiém
can dan véi trudng hop budng chay chira CHa.

Hinh 5a va Hinh 5b so sanh bién thién ndng d6 hoi
nhién li¢u diesel trong truong hop budng chay chira hon
hop khong khi vdi cac nhién liéu biogas khac nhau.
Chung ta thdy trong ciing diéu kién ap suat, nhiét d¢ cua
budng chay va diéu kién phun, tia phun bay hoi cang
nhanh khi ham lugng CH,4 trong biogas cang cao. Khi 4p
suit budng chay thap, dudng cong bay hoi trong trudong
hop budng chay chira khong khi gan véi duong cong bay
hoi trong trudong hop biogas chira ham lugng CHy thap.
Khi 4p sut trong budng chay ting cao thi duong cong bay
hoi nhién liéu diesel trong truong hop budng chay chua
khong khi gan véi trudng hop nhién liéu biogas chira ham
lugng cao CHa.
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Hinh 5a. Anh hwéng nong dg CH4 trong biogas dén bién thién
nong do hoi diesel (p=3bar, T=450K, 0=0,01kg/s)
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Hinh 5b. Anh hwéng nong dg CH4 trong biogas dén bién thién
nong do hoi diesel (p=>5bar, T=450K, 0=0,01kg/s)
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3.2. Anh hwong ciia nhiét dp méi chit trong buong chdy

Nhiét d6 mdi truong anh hudng rat 16n dén toc do bay
hoi ctia hat nhién liéu. Hinh 6 gi6i thiéu bién thién ndng do
hat nhién li¢u diesel phun trong moi truong khong khi & ap
suit moi truong 3 bar. Két qua cho thiy ¢ t=100ms, nong
d6 hoi nhién liéu diesel trong budng chay chira moi chit co
nhiét d6 450K, gap 2,5 1an so véi ndng do hoi nhién lidu
trong truong hop nhiét do moi chit 300K.
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Hinh 6. Anh hwong nhiét do moi chét dén bién thién néng do
hoi diesel (Khong khi, p=3bar, 0=0,005kg/s)
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Hinh 7a. Anh hwéng nhiét dg méi chdt dén bién thién nong dé
hoi diesel (M8C2, p=3bar, Q=0,005kg/s)
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Hinh 7b. Anh hwéng nhiét dg méi chdt dén bién thién nong dé
hot diesel (M6C4, p=3bar, Q=0,01kg/s)

Anh huong cua nhiét do budng chay dén bién thién
nong do hoi nhién liéu khi phun tia diesel trong méi truong
chtra hdn hop biogas-khong khi ciing theo qui luat twong
tu nhu truong hop tia phun trong mdi truong khong khi.
Hinh 7a va Hinh 7b giéi thiéu anh hudng ctua nhiét do
budng chay dén bién thién ndng d6 hoi nhién liéu diesel

theo thoi gian voi cung diéu kién phun trong méi truong
hdn hop khong khi-biogas chira thanh phan CH, khac nhau.
Chiing ta thiy & diéu kién nhiét o budng chay thap, nong
d6 hoi nhién liéu diesel dat gia tri bdo hoa sém hon trong
truong hop nhiét do budng chay cao. Tai thoi diém
t=100ms nong d6 hoi nhién liéu diesel trong budng chay
trong truong hop nhiét do budng chay 450K gap khoang 2
lan so véi truong hop nhiét d6 budng chay 300K.
3.3. Anh hwéng cua dap sudt trong bué‘ng chay

Nhu d4 phan tich sy phat trién ¢dam may hat nhién liéu
diesel trong budng chay & 4p suit khac nhau trinh bay trén
cac Hinh 2 va Hinh 3, khi ap suat budng chdy ting cao, 6
xuyén thiu cua tia phun rat ngin, ddm mdy hat bay hoi
cham din dén ndng d6 hoi nhién lidu trong budng chay 6n
dinh sém, nhung ¢ muc thip hon trong trudng hop ap suit
budng chay thip.
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Hinh 8. Anh hwéng ap sudt buong chdy dén bién thién nong do
hoi diesel (CH4, T=450K, 0=0,01kg/s)
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Hinh 9a. Anh huéng dp sudt buong chay dén bién thién nong do
hoi diesel (M6C4, T=450K, 0Q=0,01kg/s)
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Hinh 9b. Anh hieong dp sudt buong chay dén bién thién nong dg
hoi diesel (M8C2, T=450K, Q=0,01kg/s)
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Hinh 8 so sanh bién thién ndng d6 hoi nhién ligu diesel
theo thoi gian khi phun trong méi truong chira CHs ¢ ap
sudt 3 bar va 5 bar. Chung ta thiy nong d6 hoi nhién liéu
gan nhu ti 1& nghich véi ap sudt trong budng chay. Két qua
tuong tu cling nhan dugc khi phun trong méi trudng hon
hop khong khi-biogas chira thanh phin CH, khac nhau
(Hinh 9a va Hinh 9b). Khi nong do CHa trong biogas cang
cao thi anh huong cua ap sudt cang giam. O thoi diém
100ms, ti 1& ndng d6 hoi nhién liéu diesel trong hon hop &
ap suat 3 bar va 5 bar d6i voi nhién ligu M8C2 va M6C4
theo thir tu 1a 2,2 va 3.

~0.007
™
£
20.006
©
I ——p=3bar
I T,
g0.005 AN ——p=5bar
0.004 \‘*
0.003
| .
0.002 \k ——
oy
0.001 .
t(ms
0 (
0 20 40 60 80 100

Hinh 10a. Anh huong cua ap sudt buong chdy dén bién thién
madt do khoi lwong hat nhién liéu theo thoi gian
(M6C4, T=450K, 0=0,01kg/s)
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Hinh 10b. Anh hwong cua ap sudt buong chay dén bién thién
mdt do khoi luwong hat nhién theo thoi gian
MB8C2, T=450K, 0=0,01kg/s)

Anh huong cia ap suét trong budng chiy dén qua trinh
bay hoi ctia hat nhién liéu diesel c6 thé giai thich rd rang
hon trén cac Hinh 10a va Hinh 10b vé bién thién mat do
hat (kg/m?) theo thoi gian. Két qua mo phong cho thiy sau
khi két thac phun, mat do hat trong trudng hop p=>5 bar gan
nhu 6n dinh. Trong khi do, trong trudong hop p=3 bar, mat
d6 hat tiép tuc giam do cac hat tiép tuc bay hoi.

3.4. Anh hwong ciia lwu lwong phun

Anh hudng cia Iuu lugng phun dén bién thién ndng do
hoi diesel theo thoi gian dugc trinh bay trén cadc Hinh 11a
va Hinh 11b. Két qua tinh toan cho thdy, khi luu luong
phun tang thi néng d0 hoi nhién liéu diesel tai mot thoi
diém cho trude sau khi phun ciing ting. Tdc d6 ting nong

d6 hoi nhién liéu khi luvu lwong phun 16n cao hon tbe do
tang nong do hoi nhién liéu khi téc d6 phun bé. Do d6 dé
hén hop bay hoi nhanh, tao diéu kién cho qué trinh chay
dién ra hoan toan ching ta nén tang luu luong phun, nhung
giam thoi gian phun dé dam bao luong nhién liéu cung cép
cho mét chu trinh khong thay doi.
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Hinh 11a. Anh hwéng ciia heu leong phun dén bién thién nong
do hoi diesel (M8C2, T=450K, p=3 bar)
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Hinh 11b. Anh huong ciia luu lirong phun dén bién thién nong
do hoi diesel (M6C4, T=450K, p=5 bar)

4. Két luan

Két qua nghién ctru trén day cho phép ching ta rat ra
duogc nhitng két luan sau day:

Bay hoi cta cua tia phun diesel trong moi tmong khong
khi gan v6i moi truong CO2 & diéu kién ap suat buong chay
thip va gan v6i moi truong CHy & diéu kién ap suit budng
chay cao. Anh hudng ciia hdn hop khong khi-biogas trong
budng chay phu thudc vao ti 1é CH4/CO; trong nhién liéu.

Trong cung diéu kién phun va thanh phan hdn hop méi
chét, bay hoi ciia tia diesel giam khi 4p suat budng chay ting,
nhung ting manh khi ting nhiét d6 ctia hdn hop trong budng
chay. Nong d6 hoi nhién liéu diesel giam 2 dén 3 1an khi ap
suat ting tir 3 bar 1én 5 bar trong ciing diéu kién nhiét do.

Cung mot lugng phun, khi tdng luu luong phun theo
thoi gian thi tbc do bay hoi ctia hat nhién liéu diesel ting.
Do d6, dé cai thién qua trinh bay hoi va danh lira ciia dong
co dual fuel biogas-diesel chiing ta nén rat ngin thoi gian
nhung tang luu lugng phun.
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