SCIENCE TECHNOLOGY

MO HINH QUA TRINH KET TU HAT DU ANH HUONG
CUA SONG SIEU AM TRONG HE THONG LOC BUI LY TAM

MODELIZATION OF THE ACCUMULATION OF PARTICLES UNDER THE ULTRASOUND INFLUENCE

ON A CENTRIFUGAL DUST FILTER SYSTEM

TOM TAT

Bai bao xay ding md hinh toan hoc qua trinh két tu cia cac hat phan tan (roi
rac) trong moi treong khi dudi anh hudng cla séng siéu am, cd tinh dén do nhét
clla moi truong. MO hinh toan dugc xdy dung dya trén hé phuong trinh
Smoluchowski, md ta dong hoc qua trinh hdi tu, khi tinh toan cac thanh phan xéc
sudt va cham tirng doi ctia cc hat cd kich thurdc xac dinh ¢d tinh dén do nhot clia
dong khi. Két qua khao sat anh huéng ctia nong d6 hat toi hiéu suat loc trong hé
thdng loc bui khi cd tac dong va khdng tac dong clia séng siéu am.

Tir khda: S6ng siéuam, loc bui, Sol khi, ngung tu &m.

ABSTRACT

A mathematical model of the accumulation of diffuse particles in the air
environment under the effect of the ultrasound is proposed. The model is
established based on a set of equations of Smoluchowski which describes the
kinematic of accumulation process and take into account viscosity of the dust-air
stream. This model is to calculate the impact probability elements between a
particle couple (with a determined dimension of particles) in the dust-air stream.
Results demonstrate the influence of the particle concentration in the dust-air
stream on the efficiency of a centrifugal dust filter system with and without the
participation of the ultrasound.
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1.GIOI THIEU

C6 nhiéu nghién ctru, thiét ké trong nwéc va ngoai nwéc
giai quyét céc van dé vé loc bui nham nang cao hiéu qua clia
phuong phép loc ly tam ho#c loc quén tinh, bang cach thiét
1ap cac hiéu (ing ndng lwvong bén ngoai dé kich thich chuyén
déng clia cac hat bui, thlc ddy cac lién két clia ching, lam
tang su tich tu clia cac hat bui, dua thong s6 hat bui vé viing
hiéu qua cuda thiét bi loc. Mot trong nhitng phwong phéap
kich thich nang lwgng tich tu cda hat bui tac dong dén hiéu
qua clia qua trinh loc bui la (tng dung nhitng rung doéng clia
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s6ng am va séng siéu am. Cac nghién ctru cho thay rang hiéu
qua loc bui ting cao khi st dung ngung tu bang song siéu
am cuong do cao. Hién nay ngwng tu am la mét trong so it
cac phuong phap khéng lam thay dai thanh phan héa hoc
hoac tinh chat vat ly clia c&c hat.

Viéc md hinh hdéa qué trinh ngung tu &m da duoc
nghién ctru trwdc day trong tai liéu [1-4]. M6 hinh duoc xay
dung dwa trén hé phuong trinh Marian Smoluchowski, mo
ta déng hoc qué trinh két tu. Tuy nhién, khi tinh toan cac
thanh phan xac suét va cham tlrng d6i clia cac hat cé kich
thutc xac dinh tac gid da bd qua dé nhét ctia dong khi. Cac
phwong phap hién nay rat khé dé tinh toan cho qué trinh
hoi tu cac hat phan tan min, cé kich thuéc hat dudi 10um, &
kich thwéc hat nhu vay, do nhét khi cé anh huéng ro rét
dén s Reynol.

2.NOI DUNG NGHIEN CUU
2.1. Xay dung m6 hinh tinh toan
L

ki

Ong xody

Cira ra

1 Nhom hat

Hat phan tan

Hinh 1. So d6 nguyén Iy két hop cac hat thanh cac nhém

M hinh nghién ctru bao gdbm mot 6ng xody hinh tru c6
duwong kinh D, chiéu dai L, I6i 6ng c6 duong kinh d, voi gia
thiét cac nhém hat bui hinh cau c6 cung dac tinh (cung
duwong kinh, dién tich bé mat), cing van t6c va phan bo déu
& clra vao cla 6ng hut. Cac hat va cham va két tu do cac
twong tac gay ra bai séng am thanh. Cac hat cling c6 thé
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lang dong trén thanh budng do khuéch tan va lang dong
trong luc.

M®i hat trong nhém c6 khdi lvong 1a m,, khéi lvong clia
nhém hat la km,. Pong hoc clia qua trinh ngung tu dwoc
thé hién dwa trén co s¢ phuong trinh Smoluchowski [5] va
dugc bo sung thém hang ti, khi c6 tinh dén sy thay d6i
ndng do clia cac hat phan tan do sy tac dong lan nhau cta
cac nhém hat:

k—1 M
on () 1
#=§Zﬁi,k—in G—i(t)_nk(t)Zﬁi,ﬂi ®)
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1 9%r ng(t)or
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Trong dé, n, - mat do cla cla hat kich ¢ k tai thoi di€ém
t, 1/m? k - s6 ty nhién thay déi tir 1 dén M (hé phwong trinh
thu duoc tr cac k khac nhau); 7, - khodng cach tir tam clia
nhém hat dén truc quay clla 6ng xody tai thoi di€ém ban
dau, m; r - khoang céch tlr tim clia nhém hat dén truc quay
clia 6ng xody tai thoi di€ém t, m; M - S6 lwvgng hat dwoc chon
theo thuc té, trong cac phép tinh M bang 1000; g; r hat
nhan ngung tu, khéng phu thudc thoi gian, ddc trung cho
Xé&c suat va cham clia cap hat i va k, m¥s.

Pé tinh toan xac suit va dap cla cac hat can chi y hai
tvong tac: twong tac dong lwc hoc va twong tac thiy déng
lvc hoc clia cac hat. Twong ng voi van toc hoi tu gitra cac
hat c¢6 hai thanh phan. Thanh phan do su twong tac truc
giao, phu thudc vao thoi gian. Thanh phan twong tac thay
dong lvc hoc, khdng phu thudc thoi gian. Ngoai ra, tuong
tac truc giao tao ra cac va cham hat theo hvéng séng am,
twong tac thdy dong lyc tao ra cac va cham hat cha yéu
vubng goéc voi huvéng song am.

Hat nhan ngwng tu co thé biéu dién dwdi dang téng clia
hai thanh phan [2]:

Bi,i= Bi,kt Bk

Trong do:  f3; - thanh phan hat nhan ngung tu dac
treng cho twong tac dong luc hoc; By; - thanh phan hat
nhan ngwng tu déc treng cho twng tac thly dong luc hoc.

Thanh phan hat nhan tuong tac dong luc hoc dugc xac
dinh nhu sau: By j= 2(% +7;)*U,H; ;

Trong do: r;, r;- tvong (g la ban kinh cta hat i va j, m;
U,- bién dd van téc rung dong ctia moéi trwong khi, khi
khong c6 cac hat bui, (m/s); H; | - hé s6 kéo giira hai hat

H;, = |H; —H}|
1 +%\/5_wri—i (%Swri +%\/6_wrl)
1 +%\/6_wri—i ((1 +%5)a}ri +%\/6_wrl>
143 Far, ) (00, +3 Fer;)
) 1 +%\/5_wr]-—j ((1 +%6)(ur]- +%\/5_wrj>

36 | Tap chi KHOAHOC & CONG NGHE @ S6 51.2019

2 .

T, = ”1”8? - thoi gian lang dong cla hat; § - ty s6 gilta
mat do khi va mat do hat, p,, - khéi lvgng don vi ctia hat; w -
van tdc goc clia séng am, rad/s; d;- duwong kinh hat; u- dd

nhot ddng hoc phakhi.

Phirong truyén séng

Hinh 2. Nguyén Iy va cham céc hat do trong tac thly
Thanh phan hat nhan tuong tac thiy dong luc hoc dwgc
xac dinh nhu sau:

_(x +r)? (1 1\ (™ )

H, j = 3—#J<T+E>fo h(f21)f2151 nOdo
. _ (k) =1, néu £O
Vol h(far) = {h(le) =0, ndy KO

6 - goc gilra vector truyén séng va phwong n6i tam hai
hat twong tac, khi tinh xac sudt va cham tich phan dugc lay
qua tét ca cac goc; f,, - lwc twong tac clia cac hat xac dinh
theo [6], d6i v6i cac hat hinh cau dat trong dung dich ly
twdng khdng nén, duogc xac dinh theo cong thirc:

3mpoUs Tigrjg
2 2 (r+rp*

Po - Mat do cuia phakhi.

Nhu vay, sau khi thay cac gia tri ta xac dinh dugc thanh
phan xac suit va cham do twong tac thdy doéng lwc hoc

nhu sau:
_ 23Bup, U2 i1

By =
B, W 1+

2.2. M6 hinh khao sat anh huvéng clia séng siéu am dén
hiéu suat loc & néng do hat khac nhau

Hinh 3. M@ hinh hé théng loc bui ly tim v6i 6ng tién x Iy
1 - Ong tién xit Iy; 2 - Xyclon; 3 - Ong dan dong khi; 4 - Bd tach dong;
5 - Thiét bi phat song siéu am; 6 - Quat hit
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Khao sat &nh huéng clia song siéu am dén hiéu suét loc
bui & ndng do hat khac nhau dugc thyc hién véi md hinh
nhu hinh 3.

Dé tang kha nang két tu hat, tdng hiéu suat loc can xac
dinh diéu kién lam viéc cta céc thiét bi loc bui va clia thiét
bi siéu am. D€ lam diéu nay, can phai xac dinh quy dao clia
chuyén déng cla cac nhom hat dwoc nap vao 6ng xoay.
Ngoai ra, duong kinh cda cac hat két tu tang tuy thudc vao
cuong do, tan s6 va thaoi gian siéu am, ndng do cla cac hat
phéan tan trong ng xody.

Khao sat &nh hudng clia séng siéu am téi hiéu suat loc
bui duoc thuc hién véi 6ng thuc nghiém nhu hinh 4, cac
thong s6 di liéu dau vao: dwong kinh 6ng xody D = 340mm;
Puong kinh 16i 6ng d = 170mm; Chiéu dai 6ng xoay
L = 3000mm; Budng kinh dia phat séng siéu &m @320mm;
Tan s6 song am f = 22kHz; Dong khi mang hat Aerosil A-17;
Puong kinh ban dau cta hat dugc khao sat la 3um.

Dong khi mang hat dwgc cung clp b&i mdt may phun
lap d&t phia tredc dau vao (1) nhw hinh 4. Dau ra duoc ndi
voi thiét bi loc bui ly tam Xyclon nhu hinh 3. Luu lvgng
dong khi thay déi bang cach diéu chinh quat hat. Khao sat
thuc hién & hai diéu kién: khdng c6 tac dong séng siéu am
va c6 tac dong clia song siéu am. Sau mdi thirc nghiém can
trong lvgng bui thu dwgc trong Xyclon dé danh gia hiéu
sudt loc.
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Hinh 4. Ong dAn tién sit Iy hat bang song siéu am

1 - Pau vao; 2 - Bau ra; 3 - Ong ngung ty, 4 - Thiét bi phat song siéu am;
5 - B9 chia dong khira; 6 - Ong Iy khi lam mAu, 7 - LG 6ng
3. KET QUA KHAO SAT VA BANH GIA

Bang 1 la hiéu sudt clia Xyclon khi thay d6i nong do hat
bui trong khi. Hinh 5 |a biéu d6 so sanh hiéu suét loc clia
Xyclon khéng c6 séng siéu am va khi ¢ song siéu am & cac
nong dd khac nhau.

O ndng dd hat nhd (duéi 2g/m3), cac hat c6 khoang

cach xa nhau, xac suét va cham du¢i rung dong clia séng
am la thap, anh huéng ctia séng am téi hiéu suat loc bui

kh

ong dang ké, cu thé theo két qua do néng do6 hat 1,912

g/m?hiéu suét loc khi khéng c6 séng siéu am la 61,9% con

co

séng siéu am la 65,12% tang 3,22% hiéu suat.
Tang ndng do hat (dwdi 20g/m®) gia tdng dang ké hiéu

sudt loc do cac va cham tang lén va trong trvong hop dé
cac hat bé sé bao boc quanh céac hat I6n nhvy mdi chéat cla

hat I6n lam dé nhét tang 1én, cu thé do & ndng dd hat 19,85

g/m®hiéu suat loc khi khdng c6 song siéu am 1a 62,97% co
séng siéu am la 88,43% tang 25,46% hiéu suat.

O ndng dd 60 g/m* hiéu sudt loc khi khdng c6 séng siéu

am la 62,98% con khi c6 séng siéu am la 96,61% tang

33

,63%, day la ndng do c6 hiéu suét loc tang cao nhat.
Néu tiép tuc tang lru lwgng khi (I6n hon 60 g/m?) hiéu

sudt loc sé gidm. Do gidm t6c do cda hat, giam lyc ly tam.

Bang 1. Két qua do hiéu suat & cac luu lrong khi khéc nhau

Nong do hat Hiéu suatn,% Hiéu suat n%
(g/m’) (c6s6ng siéu am) (khéng cd song siéu am)
0,72 63,02 60,09
191 65,12 61,90
5 77,33 60,98
19,85 88,43 62,97
30,24 92,25 60,92
39,96 95,69 61,90
45,35 94,63 62,89
50,31 96,48 60,93
60 96,61 62,98
80,69 94,67 61,72
100,67 94,63 58,94
120,8 93,52 53,89
140,6 90,51 54,84
151 90,49 51,71
100 /\«‘—‘\
________‘h_______'-_““-—-.-——a
s}~
§ _ 60 .‘[—"‘*\»—«**v*‘” ----- -—-.-‘,\\ 2 |
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Nong do
hat g/m?

Hinh 5. Anh hirong nbng do hat t6i hiéu suét loc bui
1- khéng c6 s0ng siéu &m; 2- ¢6 song siéu &m
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4. KET LUAN

Séng siéu am c6 anh hwéng Ién dén qua trinh két tu hat,
lam tang kich c& hat trong vung loc hiéu qua cua céc thiét
bi loc, hiéu sudt loc khi c6 séng siéu am tac dong tang Ién
dang ké va thay d6i & cac ndng do hat khac nhau. Hiéu suéat
loc phu thudc vao nhiéu yéu té (tan s6 song am, cuong do
séng am, kich thuéc hat ban dau, thoi gian tac dong
séng,...), trong dé néng do hat dong khi c6 anh hudng t6i
hiéu suat loc vi lam thay d6i d6 nhat clia dong khi mang
bui, hiéu suét loc sé tang Ién khi ndng doé tang va dat cuc tri
khi ndng dd dong khi ndm trong viing t6i wu clia qué trinh
két tu, hiéu sudt loc s& gidm néu ndng do hat tdng vugc
qua gia tri gi¢i han.
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