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TOM TAT

Nghién ctru thue nghiém vé quan hé gitta ndng do bd hong va NO trong san pham chay cta 10 cong
nghiép sur dung dau DO duoc tién hanh nhd Visioscope va may phan tich khi Diagas AVL.

Két qua cho thay nhiét d6 budng ddt va thanh phan hdn hop dong vai tro quan trong trong hinh thanh
b6 hong va NO,. Nhiét d6 cao 1a nguyén nhén lam gia tang dong thoi toc d6 san sinh bd hong va NO,
trong khi d6 d6 dam dic hdn hop gay bién thién trai nguoc nhau ciia ndong d6 hai chat 6 nhidm nay.

ABSTRACT

Experimental study about correlation between concentrations of soot and NOy in combustion products
of industrial furnace using DO is carried out thanks to the Visioscope and Gas Analyzer Diagas AVL.
The results show that temperature of combustion chamber and mixture equivalent ratio have important
effect on soot and NO, concentrations. High temperature is the cause of simultaneous increasing of
soot and NOy formation speeds whereas equivalent ratio gives inverse evolution of these two values.

I. GIOI THIEU

B6 héng va NOx 14 hai chit 6 nhiém dic biét
trong khi thi ciia 16 cong nghiép. Co ché hinh
thanh bo hong di dwoc mo ta trong cac cong
trinh [1]. Theo d6 bd hong hinh thanh chu yéu
tai vung c6 nhiét do cao va giau nhién liéu. Sau
khi tao thanh, ching bi oxy hoa néu gip oxy
thira trong hdn hop. Do dé lugng bd hong co
mit trong khi thi thap hon nhiéu so véi luong
bd hong tai noi chung hinh thanh trong ngon
lira. Toc do san sinh bo hong trong ngon lira co
thé biéu dién bang biéu thirc:
Sg=S¢- S

Trong d6 S, 1a téc d san sinh bd hong, S¢la
tbc @ hinh thanh bd hong va S, 1a toc do chay
bd héng. Cac gia tri Sy, S duoc tinh thong qua
ndng do cuc bo cua bd héng, ndng do nhién
ligu, nong d6 oxy, nhiét d [7]. Nhu viy ndng
d6 bd hong con lai trong san pham chay phu
thudc vao cac diéu kién thuan loi hay bat loi
ddi v6i Sy, Se.

Trén thyc té, qua trinh d6t chay nhién ligu
trong 10 cong nghiép thuong xay ra trong didu
kién khuéch tan vé&i sy hoa tron nhién lidu-
khong khi dién ra ngay trong budng chay, khi
d6 sy phan b nhién liéu khong déng nhat dan
dén viéc hinh thanh cac trung tam tao bd hong
[7], nén ndng d6 bd hong 1a dang ké trong san
pham chay. Néu sir dung nhién liéu khi, sy hoa
tron dong nhat dién ra nhanh chéng do khong
can giai doan bdc hoi nhién liéu nén cac khu
vuc hinh thanh b héng han ché. Trai lai néu
st dung nhién li€u 1dng, dac biét nhién li¢u
ning, qua trinh bién bui va bdc hoi nhién liéu
c6 y nghia quan trong trong viéc dam bdao tinh
dong nhat cua hdn hop truée khi chay. Néu
thoi gian hoa trdn dai hon thoi gian chay, cac
khu vuc dam dac cuc bd dugc hinh thanh va do
1a nguyén nhan phat sinh bd hong trong khi thi
cua lo.

Khéac véi bd hong, NOy sinh ra ¢ khu vuc hon
hop nghéo va nhiét d cao [2], [3], [6]. Do thoi
gian dat gia tri cAn bang kéo dai nén nong do



a)

NO, trong hdn hop duge tinh toan theo cic mo
hinh dong hoc phan Ung trong d6 md hinh
Zeldovich dugc stir dung rong rai:

N,+O _”NO+N

N+O, ”NO+O

N +OH ” NO +H

Trong mo6 hinh trén, ho NO, dugc xem chu yéu
la NO, chit chiém dai bo phan trong oxide
nito. Tuy NO khéng ddc nhung nd 1a chit
trung gian dé hinh thanh cac chat doc, dic biét
1a NO,. Phan tng tao NO, tir NO dién ra ngay
trong mang lra. Néu sau khi hinh thanh ma
NO, duoc lam lanh ngay thi chit 6 nhiém nay
ton tai trong san phdm chay. Nguoc lai, néu
nhiét d¢ vung phan Ung dugc duy tri thi NO,
s& bi phan giai thanh NO. Vi vay su phan b
nhiét @6 va thanh phan hdn hop trong budng
chay anh hudng rat 16n dén sy hinh thanh NO,
no6i chung va NO, ndi riéng.

Nhu vdy vé mit 1y thuyét bo hong va NO,
duoc hinh thanh tir cac co ché khac biét nhau.
Tuy nhién tr nhiing phan tich trén day, chung
ta c6 thé xac dinh duoc hai yéu t6 quan trong
nhit anh huong chung dén nong do cia chung,
d6 1a sy phan bd ndng d6 nhién lidu va nhiét
d6 trong budng chay. Vi vay, cong trinh nay
tap trung nghién ctru bién thién ctua ndng d6 bd
hong va NOj trong san phdm chay cua 10 cong
nghiép theo thanh phan hdn hop va nhiét do 1o
bﬁng thuc nghiém, trén co s¢ d6 xem xét kha
ning xac lap mdi quan hé giita ndng do cua
ching nham tim kiém céc giai phap k¥ thuat
han ché muc do phat thi khi 6 nhiém cua cac 1o
cong nghiép.

2. NGHIEN CU'U THU'C NGHIEM

2.1. B6 tri thi nghiém

Budng dét

Ong khéi y M

NO,, CO
Khong
khi lam

Thermometer

:D
0 0

A

Nhién

DiGas 4000 PC Visioscope Khong

; liéu
AVL AVL khi

b) 600

200

N
a
I
o -

g:Mm
\
i,

(b
(/ 1

100|100 | 100| 120

OJOJOXONO)
Hinh 1: So QG bd tri thi nghiém (a) va vi tri lay
mau dé do nong do NO, cuc bd (b)

Thuc nghiém dugc tién hanh trén 16 thi nghiém
c6 budng ddt ¢200x600, budng nung
$200x220 va 6ng khoi $90x500 mm. Mo ddt
dau nhe bién bui ¢ hoc loai Minor-6 cia Hang
Ecoflam - Italy dugc st dung dé tao ngon Itra.
S dd bd tri tong quat thi nghiém dugc trinh bay
trén hinh 1la.

Dung cu do gom:

- Thiét bi phan tich ngon lira bang phuong
phap quang hoc Visioscope AVL. Thiét bi nay
chup anh ngon Itra bang phuong phap sb voi
d6 phan giai 640x480 pixcels; camera cd goc
nghiéng 30° va 60°, goc m¢ 80°, dugc lam mat
bang khi nén véi ap suit P = 6 bar. Dit liéu ghi
nhan béi Visiscope duoc dua vao bd nhé may
tinh va duoc xir Iy bang phin mém chuyén biét
theo phung phap hai budc séng. Két qua phan
tich cho chung ta sy phan bd nong d6 bd hong
va nhiét d6 trong ngon lira [8], [9].

- Thiét bi phan tich khi thai AVL Digas 4000
cho phép xac dinh duogc néng dd cac chét CO,,
CO, HC, NO,.

- Dung cu do luu lugng khong khi va nhién
liéu

Hé s6 du lwong khong khi tong quat duoc didu
chinh a = 0,75; 1.0; 1,25. Qua trinh do duoc
thuc hién khi nhiét do 10 dat 600°C, 700°C,
800°C va 900°C. Hinh 1b gidi thiéu cac vi tri
ldy méu dé do NO, cuc bo.

2.2. Po nong dd bo héng

Hinh 2 gi6i thiéu mot két qua tiéu biéu cho bai
visioscope vé anh chup ngon ltra, trudng nhiét
d6 va sy phan bd nong do bo hong khi a=1 va
nhiét d6 10 ¢ 600, 700 va 900°C . Nhiét d6 va
ndéng do bd hong duoc tinh tir birc xa cia ngon
lira theo phung phéap hai budc song [8]. Bang
phan mém PhotoDelux, ching ta c6 thé thay



d6i mau nén cua két qua dé xac dinh gia tri cuc
bd ctia nong d6 bo hong (hinh 3).
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Hinh 2: Bién thién nhiét d6 va nong d6 bd
héng, a=1
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Hinh 3: Bién thién nong d6 bd hong trén truc
ngon lua, a=1

Nho phuong phap ndy, chung ta co thé xéac
dinh duoc néng do6 bod héng trung binh trén
mdi mit cit ngang doc theo truc ngon lira.
Hinh 4a,b,c giéi thiéu bién thién ndng do bd
héng doc truc ngon Itra khi nhiét d6 1o ¢
600°C, 700°C va 900°C.
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Hinh 4: Phan b6 ndng do b(f) hoéng doc theo
truc ngon lura khi thay doi nhiét do 10

Két qua phén tich bd hong trén hinh 4 cho thay
néng do bd héng cuc dai tap trung trén truc
ngon ltra. Theo nhitng cdng trinh nghién ctu ly
thuyét va thuc nghiém trude day[4], [5] thi trén
mdi mit cit ngang cua ngon lira khuéch tan,
néng do nhién liéu dat gia tri cyc dai trén tai
tam. Phia ngoai ria ngon Itra, hon hgp lodng,
luong oxy khuéch tan vao nhiéu, do dé toc do
oxy hoa b héng cao 1am ndng d6 cia né giam
nhanh.

Khi nhiét d6 10 cang cao thi ving c6 ndng do
bd héng cuc dai cang dich chuyén vé phia
miéng moé dt. Pidu nay ¢ nghia 1a ving san
sinh bd hong dich chuyén vé phia mé d6t lam
cho khoang thoi gian cac hat bd hong di qua
vung nhiét d6 cao dugc kéo dai, lugng bd héng
bi oxy hoa ting khién cho ndéng do cua nod
trong san pham chdy giam. Néi cach khac,
ndng do bd hong trong khi thai giam theo sy
tang nhiét do cua lo.

2.3. Po ndng dp NO,
Hinh 5 gi6i thiéu bién thién ndng do NO, theo
nhiét do buong dot ung vdi thanh phan hon

hop tong quéat khac nhau.
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Hinh 5: anh huéng cta nhiét do 1o dén néng do
NOj trong khi thai ttng véi cac hé s6 du luong
khong khi khac nhau



Chung ta thiy nong do NO ting theo nhiét do
chung cua 10 va nhiét do tai khu vuc chay.
That vay trén hinh 5 ching ta thiy néng do
NO, 16n nhat tng véi a=1 vi khi thanh phan
hén hop thay doi quanh gia tri chay hoan toan
ly thuyét, nhiét d6 chay dat gia tri cuc dai. Khi
hdn hop ddm hay lodng, néng d6 NO, déu
giam (truong hop a=0,75 va a=1,25 trén hinh
5).

Hinh 6 xem xét bién thién ndng do NO, theo
d6 dam dac cuc bd trong ngon ltra. Chung ta
thdy rat rd dbi v6i hdn hop gidu, ndng do NOy
giam khi d6 dam dic ciia hon hop ting. Diéu
nay nguoc véi xu thé bién thién ciia nong do
bd hong dd xem xét trén day. Mat khac, khac
v6i bd hong, sau khi hinh thanh, néu hdn hop
duogc duy tri & nhiét do cao thi néng d6 NO,
ting theo co ché dong hoc phan tng (chu
khong phi bi oxy hoa nhu dbi véi bd hong).
Diéu nay c6 nghia 1 nhiét do 16 cang cao thi
ndng do NOj trong khi chay cang 16n. Tc do
hinh thanh NO, va bd héng tai khu vuc san
sinh déu ting theo nhiét do tuy nhién ndng do
ctia chiing trong san pham chay cudi cing bién
thién ngugc chiéu nhau theo nhiét do 16.
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Hinh 6: Bién thién ndng do NO trong ngon
Itra theo d6 dam dac cuc bd cuia hon hop

2.4. Xac lap quan h¢ giira ndng do NO, va
nong do bo hong

Dé xac lap mbi quan hé giira nong d6 NO, va
ndéng d6 bd hong, chung ta tién hanh do dac
cuc bo néng dd NO, trong ngon Itra. So dd vi
tri 1y mau duoc gi6i thiéu trén hinh 1b. Cac vi
tri do duoc ky hiéu G (trén tryc ngon Ita); F
(bén phai ngon Itra-cach truc 25mm); T (bén
trai ngon lira-cach truc 25mm); nhiét d6 budng
10 duoc giit & 800°C khi do va h¢ s6 du lugng
khong khi oo = 0,75; 1,0; 1,25. Hinh 7a,b,c giéi
thiéu bién thién cua néng dd NOy theo chiéu

dai ngon ltra & céc vi tri do khac nhau. Chung
ta thdy ndng do NOj trén truc ngon lira ludn bé
hon ndéng do do duogc ngoai bién ngon lira.
Diéu nay co thé giai thich d& dang do trong 15i
tia, d0 dam dic cua hdn hgp cao hon 6 bén
ngoai. Cang xa miéng mo dét, cac gia tri NOx
trén mat cit ngang cua ngon lira cang gan nhau
do do chénh léch thanh phan hdn hop theo
phuong huéng kinh khong dang ké. Sy bién
thién néng dd NO, trén truc ngon Itra theo mot
qui luat chung 1a ting dan dén gi4 tri 6n dinh.
Cung nhiét d6 16, gia tri 6n dinh nay cang 16n
khi hon hgp cang nghéo.

Ciing trén cac hinh 7a,b,c chung ta thiy tuy
khac v6i sy bién thién cua NO,, su thay ddi
ndng do bd hong trén truc ngon lira ciing theo
mot qui luat nhat dinh. Cac duong cong phan
bd néng do bod hong c6 mot cyc tri va vi tri ctia
cuc tri nay cang dich lai gén dén miéng voi dbt
khi hdn hop tong quat cang lodng.
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Hinh 7: Bién thién ndng d6 NO, va ndng do bod
hong trén truc ngon Itra



Hinh 8 thiét 1ap mdi quan hé giira ndng d6 NO,
va nong do bo hong trén truc ngon Iira.
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Hinh 8: Quan h¢ gitra nong d§ NOx va néng d6
bd hong trong ngon lua

Do ndng d6 cua chung khong cung qui luat
bién thién theo nhiét do va do dam dic ciia hdn
hop, ching ta khong thé thiét 1ap duoc quan hé
tong quat. Tuy nhién chiing ta cé thé biéu dlen
moi quan hé nay thong qua hai qui luat tuyen
tinh c6 do dbc (theo toa d9) 1a 1:10 & phan dau
va 1:1 & phan dudi ngon lira (hinh 8).

3. KET LUAN

Két qua nghién ctru thyc nghiém trén cho phép
chung ta rit ra duoc nhitng két luan sau:

- Nhiét do chay 1am ting dong thoi tée do hinh
thanh NOy va bd hong ¢ khu vuc phan tng tuy
nhién nhiét do 10 tao ra sy bién thién nguogc
chiéu nhau cta néng do hai chat 6 nhiém nay
trong khi thi cta 10 cong nghiép.

- Khi hé s du lugng khong khi gia tang, diém
cuc tri cua duong cong phén bd ndng d6 bd
hong dich chuyen vé phia gan miéng mo dbt,
nong do bod hong trong san pham chay giam,
trong khi d6, ndng do NO, trong sin pham
chay gia tang.

- Quan hé giita ndng d6 bd hong va ndng do
NO, trong ngon lira ctia 10 cong nghiép co thé
biéu dién bang hai qui lut tuyén tinh c6 do
dbc 1:10 & phan dau va 1:1 & phan dudi ngon
lra.
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