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TOM TAT: Dong phun xody réi xody hai pha co dnh hwong rat lon dén s hoa trén
giiza nhién ligu va khdng khi truéc khi cing nhe trong qué trinh chay én dinh cia ngon lia
buong dot. Do d6 c6 rdt nhiéu cac nghién cizu thiec nghiém va ly thuyét trong viéc xay ding
mo hinh toan cho dong phun réi xody hai pha trong busng dét. Bai béo gidi thiéu thiét bi dau
dot tao xody do nhom nghién cizu cdi tién tir dau dot théng thuong dua trén ly thuyét vé quan
hé giira hé s6 xody va goc tao xo0dy cling véi nhiing i:ng dung cia dau dot tao xody trong
nghién cizu thuc nghiém xac dinh hiéu qua cia dong xody 1én ngon lia cia dong phun roi
xody hai pha trong buong dot.

1. PAT VAN PE

Dong xody ¢6 rat nhiéu tng dung thyc té. Trong céc thiét bi chay, hiéu tng cia dong xody
I tron 1an nhién liéu va khong khi duoc tng dung rong réi nham tao ra su 6n dinh cho qua
trinh chéy véi cudng d6 cao va kha nang l1am sach budng dét trong cac truong hop: dong co
xdng dau, dong co diesal, tuabin khi, cac |6 nung cong nghiép, |6 chung cit va nhiéu thiét bi
nhiét khac. Md hinh thiét ké va viéc van hanh c6 hiéu qua cuaa thiét bj chay duoc tao ra mot
céch d& dang qua su két hop giita thuc nghiém va ly thuyét khi dong hoc s chéy |am giam
dang ké thoi gian va chi phi cho cac chuong trinh phét trién cac hé théng budng dbt.

'Dong xody duoc tao ranho téac dung cia thanh phan van tc xody (thanh phan van toc tiép
tuyén) duoc hinh thanh bang céc thiét bj tao xody di vao bUOng dbt theo phuong huéng truc va
phuong tiép tuyén hay bang céach di vao budng dét truc tlep theo phuong tiép tuyén. Céc
nghién ciru thyc nghiém cho thiy sy xody c6 nhiing tac dong rat [on dén tinh 6n dinh ciangon
lrava cuong do chay. Muc do xody nay thuong duoc biéu thi bang hé sb xody S, ladai luong
khéng tha nguyén dac trung cho moi lién h¢ gita dong tiép tuyén va hudéng truc. Harvey
(1962) qua thuc nghiém fiad cho thdy ring hé so xody S phu thudc vao ty sb giita van toc theo
phuong tiép tuyén vavan téc theo phuong doc truc (Wmo/urm) [2].

Bén canh d6, nguoi ta ciing dic biét chd y téi mdi quan hé vé goc tao xody f toi hé sb
xody S. Theo Gupta [1] thi méi lién hé gitra h¢ s6 xody S va goc tao xody f co the xéc dinh
bang cong thirc:

2
S =" tof 11
3 g (L1

Theo @6, véi goc tao xody |a 15°% 30°% 45° ta cd céc giatri tuong ttng cia S1a0,2; 0,4; 0,6.
GOc tao xody trong c&c béc phun cia budng dét cong nghiép khéng 16n hon 60° vi khi d6 kich
thudc duong kinh caa ngon lira ting nhung chiéu dai ngon lra giam khong dang ké, kich
thudc budng dbt tang 1én, suat sir dung vat liéu ché tao budng dét giam, hiéu suat nhiét kém.
Do d6, nghién ciru chi xét cac truong hop xody O£SE0,6.
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Thyc té cho thdy, trong céc thiét bi dét cong nghiép dau dét xody gilip cho qué trinh tan
swong nhién lidu ddng déu, hat nhién liéu cé kich thuéc nho min. Do vy van dé ché tao dau
ddt tao xody va nghién ciru anh huéng caa xody trong qué trinh dbt chéy nhién liéu hai pha cé
y nghia thyc tién rat 16n. Bai b&o ndy gidi thiéu thiét bi diu dét tao xody voi cac hé so xody
khac nhau dugc nhdm nghién ciru cai tién tir dau d6t théng thuong dya trén ly thuyét vé quan
hé gitra hé sb xody va goc tao xody (cong thirc 1.1), ciing véi nhitng ang dung cia dau ddt tao
xoay trong nghién ciru thuc nghiém xac dinh hiéu qua cua dong xoay |én ngon lira cia dong
phun réi xody hai phatrong busng dét.

2. XAY DUNG MO HINH PAU POT TAO XOAY CHO BUONG POT CONG NGHIEP

Dau dét nhién liéu tao xody duoc thiét ké, ché tao théng qua cai tién dau dbt thuong bang
céch tao thém céc ranh phun c6 kich thuge 0,4mmx0,4mm theo phuong tiép tuyén voi goc tao
xody f 1an luot 14 45°, 30° va 0° cho dia tao xody dé tién hanh thyc nghiém ¢ ba ché do xody
khéc nhau d6 1a xody manh (S=0,6), xody yéu (S=0,4) va khong xody (S=0) nhu trén hinh 1.

Két cau cua dau dét Jphun xoay gom bon chi tiét 1ap ghép nhu trén céc hinh (1, 4) dugc st
dung dé dét nhién liéu dau DO trong bUOng dbt cong nghiép. Trong bai béo ndy ching duoc sir
dung dé danh gia anh huong cia xody dén qué trinh chay nhién liéu hai pha trong trong mé
hinh thuc nghiém quétrinh chédy caa dong phun réi xody hai pha

1

-

Hinh 1- CAu tao chi tiét diatao xody CO hé sb xody S=0; S=0,4; S=0,6.
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Hinh 4 - CAu tao d¢au phun srrong nhién liéu

3. UNG DUNG NGHIEN CUU MO HINH THUC NGHIEM QUA TRINH CHAY
DONG PHUN ROI XOAY HAI PHA

M hinh budng dét duoc gin vai thiét bi do phan tich hinh anh AVL Visioscope c6 do
chinh x&c rit cao (sai sd +0,2%) cua Austria ldp dat tai Trung tam diéu khién vaxa ly s liéu,
Khoa K¥ thuat giao thong, Truong Pai hoc Bach khoa Tp.HCM. Luu lugng khdng khi cap
phu thuoc vao hé sd khéng khi thira a duoc diéu tiét bang bo diéu chinh khéng khi cua
Olympia [5]. Luu lwong va &p suit diau DO duogc diédu khién tryuc tiép trén bom bénh ring
A2V A-7116 ciia Suntec [6] theo dudng dac tinh caa bom (hinh 5).
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Nguyén |y do biang AVL Visioscope nhu sau: Céc tin hiéu hinh anh ngon lira dwoc chup
bang CCD Camera PixelFly thu nhan hinh anh dudi dang di li¢u so 12bit voi do phan giai 1a
640x480 pixcels, sau do dir liu sb ndy duoc dem so sanh vai hinh anh mau chuan do nha ché
tao cung cip bang phin mém phén tich hinh anh ngon lra d& dugc lap trinh sin trong bo xir ly
tin hiéu (Intel Pentium I11, NT 4.0).

Tién hanh dbt nhién ligu diu DO trong méi truong khong khi véi thanh phan khéng khi
thira vira dii (a=1,1) biang dau dét dugc gia cdng cd cé&c thong sd nhu sau: hé sd xody S=0,6,
&p suét p=10bar, lru luong |on nhit G=9,6kg/h. Hinh anh phét trién ngon lira dau DO réi xody
dugc chyp lai bing camera va phan bb nhiét d6 duoc do bang AVL Visiocope trén bé mat
ngon lravéi S=0,6 nhu trén hinh 6.

B4 didu chinh B4 didn chinh

It hitgng ddna khéng ekl thid
- -~ #an hinh Hén thi
Ong gid Camera
=idd nkddt
=
N s—

Buéng 48t

T ki tac ngudn sdng dfng bé

T.bi calip chudn [ ssee = = Ex=m @ Heo
Hinh 5 - So db b tri thiét bi do phan tich hinh anh AVL
. Visioscope (BHBK Tp.HCM)
1-Budng dot; 2-Ong noi soi; 3-Camera; 4-AVL
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Hinh 6. Quétrinh phét tri¢n ngon lra khi dot dau DO roi xody (&), phan bo nhigt do tai tam vabién (b)
vakét qua nhiét ¢ thu dugc bang phan mém Visioscopetai tdm vabién (c) ngon ltra cach béc phun
300mm véi S=0,6

Phan bd nhiét ¢ ciangon liratrong budng dét (hinh 6) ¢6 thé dugc chialam ba ving theo
ba mau khac nhau bang thiét bi do phan tich hinh anh AVL Visioscope nhu sau [3], [4]:

- Vung cd mau vang cam c6 nhiét do 2400°K | 2600°K.

- VUng c6 mau vang dam co nhiét do 2200°K , 2400°K.
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- Vling c6 mau d6 hong cé nhiét do 2000°K , 2200°K (bang 1).

Thuc nghiém cho thiy ngon ltra chay méanh liét va on dinh khi hé sb xody S=0,6, hiéu suét
nhiét cao, hinh anh phan bd nhiét d6 cia ngon lua twong ddi can xing. Qué trinh phét trién
ngon lra din rarat nhanh vatién dén trang théi chay 6n dinh chi trong khoang thoi gian0,2,
0,3s vi toc do cac phan ing hoa hoc trong qua trinh chay tang khi tang cuong do r5i. Anh
huong cia xody téi toc ¢ phan tng chéy cha yéu laanh huang dén hé sd toe do phan ang.

Béng 1. Thdng sb nhiét do ngon luratai cac vi tri do khi dot dau DO réi xody véi S= 0,6 do
biang AVL Visioscope.

Chiéu doc
truc 100mm 300mm 400mm 500mm
Chiéu huéng kinh
y = 0mm 2570 2603 2582 2400
y = 62,6mm 2379 2388 2392 2392
y = 125mm 2184 2198 2197 2193

Tién hanh d6t nhién liéu dau DO trong méi truong khdng khi vai thanh phan khdng khi
thira vira dii (a=1,1) bang dau dét dugc gia cdng c6 c&c thong sb nhu sau: hé sd xody S=0,4,
&p suat p=10bar, luu lugng I6n nhat G=9,6kg/h. Hinh anh ngon ltra sau khi méi ltra duoc chup
lai bang camera va phan bé nhiét d6 duoc do bang AVL Visiocope trén bé mat ngon lira voi
S=0,4 nhu trén hinh 7.

So sanh két qua thuc nghiém khi dét diau DO bang dau dbt c6 hé sb xody S=0,6 cho thiy
ngon lira chdy trong truong hop dét dau DO bang dau dot co hé sb xody S=0,4 hep hon va dai
hon, d6 chéy sang caa ngon lra thip hon chirng té cuong d6 chay cia ngon lira khdng cao,
nhiét ¢o bé mat ngon lirakhoang 1875°K |, 2075°K (bang 2), hiéu suat nhiét khdng cao.

Bing 2. Thong s6 nhiét do ngon lratai céc vi tri do khi dot dau DO réi xody véi S= 0,4 do
bang AVL Visioscope.

Chiéu doc
truc‘ 100mm 300mm 400mm 500mm
Chiéu huéng kinh
y =0mm 2584 2574 2583 2400
y =62,6mm 2365 2379 2383 2200
y = 125mm 1960 2075 2074 1875

Tuong ty, tién hanh @&t nhién liéu dau DO trong méi truong khdng khi véi thanh phan
khang khi thira vira du (a=1,1) bang dau dét dugc gia cong cd cac thong sb nhur sau: hé sb
x0dy S=0, &p suat p=10bar, luu lwong 16n nhat G=9,6kg/h. Hinh anh ngon lira sau khi moi lra
duoc chup lai bing camera va phan b nhiét do dugc do bang AVL Visiocope trén bé mit
ngon liravéi S=0 nhu trén hinh 8.

So sénh két qua thyc nghiém khi d6t dau DO bang dau dot khong tao xody (S=0) véi hai
truong hop cd tao xody trén (S=0,4 & S=0,6) cho thay ngon lira chéy trong truong hop nay hep
va dai, d6 chdy sang cia ngon lira thap hon chung té cuong do chdy cia ngon lira yéu, qua
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trinh bat chéy va chdy nhién liéu kho khian do qua trinh tan swong dau kém, nhiét do bé mat
ngon lirakhoang 1200°K , 1400°K (bang 3), hiéu suat nhiét thap.
Béng 3. Thong sb nhiét do ngon liratai cac vi tri do khi dot dau DO réi xody voi S= 0 do
biang AVL Visioscope.

Chiéu doc truc

s 100mm 300mm 400mm 500mm
Chiéu hudng kin

y = 0mm 1818 1866 1800 1800

y = 62,6mm 1600 1666 1600 1400

y = 125mm 1305 1400 1390 1200

¢ -
18752075 P ,/ g
2 .

b" - @3BSISEEK
L s
«1875°K =
<2585°K
(b)
R T —
; AvViL
D RBE|||20|F ES | cectsmune | £ Tenparaurs scale - X w | 10w
% I seps ~ (- JD M| E AV Y b o o
—————— ] P P Jul 17 - DE54 P -

|[Base Record Type: Measurement
|Baze Record: Feck?_1F0rz007
||Processing 10 Calumns = 1 Fows
| Processing Method: ThermoVision for Diesel Flame:
|| Calibration Value: 3.97767e-017
Calibration Date: 2001-5-9, 15:43
Camera Specification:
Type: VGEA
Serial Mumber: 0
Primary Filters. Spectral Response: 1
White Balance: kg= 0.012257, kb= [.433029
Spectral Transmissivities:
Secondary Filter: LOT 13 RUN 1010-3252
Endoscope: B Grad demm
Model: Fladiator Type: Diesel Flame
Analysis Methad: two color method
Mode: local o istribation of and saot density
Measurement Range [K]: 1800 to 3000, Resolution [K] 4.7

Fegetind
Threshold Values:
= Rlin.min= 400, Glin.min= 400, Blinmin= 0
Tungsten Calibration Temperatare [Kf: 2350 Rorge
Asel= 2549, Gsel= 1021, Bscl= 365 Shat
||CA  Repetition  flame size  T1 T2 T3 T4 15 T 7 A
L DY 2AZ3  ZAAT 2ABD FS13  IES1 2HAS
10 0 11B57 2408 2423 2447 2480 FS0B  PSE0 2517 Fepstic]
a8 13776 2409 2423 2437 2451 2480 2?5131 2479
[ 14753 ZaDe 7473 2437 P41 PAGD  PS13 2474 i
[} 18025 2418 2447 2480 2503 2537 565 2493 ke
o 1010 ZAIB 2461 2508 2546 2574 2503 2526
a AB3A ZADS 74?3 PA4T  PABD P5FZ  PSEO0 2507 Fiesstiod
a 10475 2404 2418 2433 2451 2494 546 2507
o 11593 ZABS 2437 2466 2508 2537 2570 2564
a 15537

(©)

Hinh 7. Quétrinh phét trién ngon lra khi dot dau DO rdi xody (a), phan bo nhigt do tai tam vabién (b)
vakét qua nhiét ¢ thu dugc bang phan mém Visioscopetai tdm vabién (c) ngon ltra cach béc phun
300mm véi S=0,4
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Hinh 8 - Quatrinh phét trién ngon lra khi dét dau DO rdi xody (a), phan bd nhigt do tai tam vabién (b)
vakét qua nhiét ¢ thu dugc bang phan mém Visioscopetai tadm vabién (c) ngon ltra céch béc phun

300mm véi S=0
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4. KET LUAN

Thuc nghiém cho thay ngon lira hinh thanh trong qué trinh chédy dau DO véi 6xy khdng khi
phu thuoc vao nhiéu théng sb vat |y, trong d6 phai ké dén hé sb xody cua cé&c chat tham gia
phan ng. Dau dot tao xody co thé ché tao duoc dé dang biang céch tao cac ranh phun theo
phuong tiép tuyén véi goc tao xody f cho diatao xody. Két qua thuc nghiém cho thay khi ¢t
nhién liéu trong budng dét cong nghiép véi dau dét co hé sd xody S=0,6 thi hiéu suit nhiét cua
qua trinh chéy |a cao nhat. Nguoc lai khi dbt véi dau dét co hé s xody S<0,6 thi hiéu suat
nhiét khdng cao, nhién lidu chdy khéng hoan toan do kha ning tao swong kém hon, gay ton
that nhiét lvong vanhién liéu l6n.

Cong trinh nhan dugc sy hd trg qui bau cia Chuong trinh NCCB nganh co hoc, céc tac gia
xin chén thanh cam on.

EXPERIMENTAL INVESTIGATION OF SWIRL NOZZLESAND SWILL
FACTOR IMPACT ON THE SWIRLING TWO-PHASE TURBULENT JETS
IN THE COMBUSTION

Nguyen Thanh Hao”, Nguyen Thanh Nam®
(DUniversty of Industry, HCMc
(2)VNU-HCM

ABSTRACT: The swirling two-phase turbulent jets have significant influences on the
air-fuel mixture before and during the combustion process. Therefore, many experimental and
theoretical researches have been made around swirling two-phase turbulent jets in
combustion. This paper introduces the modified swirl nozzdes, based on the relationship
between swirl factor and angle of swirling and their application in experimental research to
verify the effectiveness of the swirling two-phase turbulent jetsin combustion.
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