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Quat gi6é cuc bd trong mé than ham 16 hién nay cha yéu la quat hwéng truc. Géc nghiéng dat va géc
xodn cla cénh quat huong truc dnh hudéng truc tiép dén van téc cia khéng khi di qua quat, nghia la
anh hudng dén lwu luong va ép suét day cda quat. Céc thanh phén van téc cia khéng khi tai diém vao
va diém ra cta canh quat théng thuong xac dinh bang phuong phép Hinh Hoc. Do bién dang canh quat
cong trong khéng gian nén viéc khdo sét cac thanh phan van téc tai mot sé tiét dién dac trung khéng
thé hién chinh xéc duoc van téc trung binh cta khéng khi ra khdi canh. Nham don gidn héa va giam
khéi lrong tinh toan va nhanh chéng xac dinh lwu long, ép suat khéng khi di qua quat, tién hanh mé
phdng cho quat cuc bo bang viéc xay dung mé hinh 3D va I8p ghép dé cé thé diéu chinh nhanh chéng
goéc nghiéng dat canh dé tién hanh mé phéng dong chdy cua khéng khi qua quat. Phuong phap nay
cho phép nguvi thiét ké nhanh chéng, truc quan xac dinh géc dét canh ciing nhw géc xoan cla quat.

T khéa: quat hwéng truc, mé phdng dong hoc dong chay, ap suat déng, géc dat canh, géc xoan

1.DAT VAN DE

Hién nay, quat cuc b, la quat huwéng truc, duwoc
st dung nhiéu trong khai thac than ham 16. Géc
nghiéng va géc xodn clia canh quat clia banh céng
tac anh hwdng dén lwu lwong va ap suét ctia quat.
Chinh vi vay, cac thdng sé nay rat quan trong trong
thiét ké va ca s dung quat. Ngay nay, cac phan
mém moé phdng dwoc str dung nhiéu trong thiét ké
may va cé hiéu qua trong viéc gidm thoi gian tinh
toan thiét k&, cé thé hoan thién két ciu théng sb
may ngay trong giai doan thiét k&. Chinh vi vay viéc
md phéng &nh hwéng clia goc nghiéng va géc xoan
cla canh quat quat cuc bo 1a van dé can quan tam.

2.NOI DUNG NGHIEN cUlU

2.1. Nguyén ly lam viéc quat cuc bd

Quat cuc bd la quat hwéng truc, khi lam viéc
dong khéng khi chuyén déng doc truc Chu tao
quat cuc bd thé hién trén trén Hinh H.1. Canh quat
duoc 1&p 1én banh cong tac véi géc nghiéng- goc
dat nhat dinh. Canh quat cé dang xoan éc¢. Van téc
lubng khong khi di qua canh quat c6 thé duwoc phan
thanh hai thanh phan: van téc doc truc va van téc
tiép tuyén. Van téc doc truc la thanh phan hiu ich.
N6 di chuyén khong khi theo hudng can thiét [2].

Lo M g i suidn Ay

H.1.Cau tao banh céng tac quat cuchd [2]

Hién nay, tuy theo yéu cau cu thé cua cac loai
quat ma goéc dat va géc xoan canh banh cong tac
khac nhau. Théng thuwdng goc dat canh dén 55° va
géc xoan dén 450 [3].

2.2. Co s& ly thuyét tinh toan cac thanh phan
van téc gié di qua canh banh céng tac

Pé tinh toan banh cong tac va xay dwng bién
dang canh quat hwéng truc, str dung cac phuwong
phap: phwong phap hinh hoc; phuwong phap lyc
nang; phuwong phap dung phwong trinh tich phén
va phuong phap phan bb xoay. Phuong phap
twong tw hinh hoc la phwong phap don gian nhét,
dwa vao may mau c6 sdn hodc cac may méd hinh
c6 sb vong quay déc trung twong tw. Theo phuong
phap nay, ngw&i ta chiviéc nhan cac kich thuwdccta
may mau vé&i mot hé sé xac dinh theo cac théong sb
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lam viéc clia may thwe va may mau. Tuy nhién, dé
tinh toan thiét ké theo phwong phap nay can phai
c6 ban thiét k& chudn clia may mau hodc may mod
hinh va d&c tinh clia may dé trén co sé& dé xac dinh
cac hé sb chuyén déi. Phuong phap lwc nang la
phuwong phap dwoc st dung rong rai, & day banh
cong tac dwoc tinh toan theo 2 théng sb cla toa
dd cho mot sb tiét dién ttr bau canh dén dinh canh
trén cac mat cat b&i cac hinh tru déng truc véi truc
clia banh cong tac. Hinh H.2 thé hién cac thanh
phan van téc cta khéng khi khi di qua canh quat
khi c&t b&i hinh tru cé ban kinh bat ky r. Phan dién
tich c&t qua mot canh abed véi canh ab thé hién bé
mat vao clia khong khi va canh cd thé hién mat ra
ctia khéng khi ting véi diém vao va diém ra twong
&ng 1 va 2. Van téc dai cla canh quat & diém vao
va diém ra nhw nhau nén %1 = U, van toéc chuyén
dong twong dbéi wy va w, ludn tiép tuyén voi bién
dang céanh, van téc chuyén dong tuyét dbi ci.¢2
duoc xac dinh bang phép cong véc to:

=1+ Wy (1)
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H.2. Xacdinh cac thanh phan van téc ciia khong khi tai diém vao
va diémra canh quat [8]

Ap suét cla quat hwéng truc duoc xac dinh
theo céng thure [4]:

Ap = pu (e * cgy) = pulcy, 2)

V&i Ac, = ¢y X €15, (d&u + khi 1w nguoc chiéu
v&i chiéu quay cla truc, du — khi ¢1u cing chiéu
véi chiéu quay cla truc).

Dé dam bao ap suat khong thay déi doc theo
chiéu dai tr bAu canh dén dinh canh, nghia la muc
van xodn clia banh coéng tac trén cac tiét dién canh
s& khac nhau, géc nghiéng cla céc tiét dién canh
s& khac nhau. Nhw vay khi xép céc tiét dién canh
thanh bién dang toan canh can dam bao sy suén
déu cha 14 canh. Trong qua trinh thiét ké phai vé
va diéu chinh cac théng sé hinh hoc clia bién dang
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canh nhiéu Ian, gay khé khan va mét nhiéu thoi
gian ctia ngudi thiét ké.

2.2. Xay dwng mé hinh 3D va mé phéng
dong chay dong hoc dong khong khi cho quat
hwéng truc

2.2.1. M6 hinh quat théng gi6 cuc b str dung
déng co khi nén

M6 phdéng CFD (con dwoc goi la mé phdng
dong lwc hoc dong chay) la mét nhanh clia co hoc
chétlwu, str dung phwong phap sb dé phan tich va
gidi quyét cac bai toan lién quan dén chuyén déng
dong chay cta chat lwu (khi, 16ng). Cac phuwong
trinh md ta dong chay nay thdng thwdng rat khé dé
c6 thé gidi bang phwong phap gidi tich nén thuong
dwoc gidi trén may tinh. Quy trinh co ban cda mé
phéng CFD chia ra lam cac bwédc nhw: Tao hinh
dang hinh hoc, don gidn héa hinh hoc, roi rac héa
mién tinh toan — dwoc goi la qua trinh chia luwi,
thiét 1ap thong s& md hinh, chay mé phéng, kiém
tra tinh hoi tu clia phuong phap sb, va phan tich
két qua mé phéng.

M6 hinh quat théng gié cuc bd st dung déng
co khi nén dwoc thé hién nhw trén Hinh H.3. boéng
co khi nén dwoc 18p vao gia d& trén vé quat, banh
cobng tac gdbm nhiéu canh quat dwoc |ap 1&n truc ra
ctia dong co khi nén. Cac thanh phan ctia quat khi
nén cling nhw kich thwéc phdi ddm bao nhw kich
thwéc ctia quat thuc té.
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H.3. Cau tao quat thong gié cuchd mé ham 1o

Dé xac dinh anh hwéng clia géc dat canh va
goc xo0an dén van téc khong khi, géc xoan va géc
dat canh can phai c6 kha nang hiéu chinh nhanh
trén mo6 hinh dung lam md phdng. LAy mét phang
bién dang chan canh lam chuan, mé&t phang vé
bién dang dinh canh nghiéng vé&i né mot goc xac
dinh (xem Hinh H.4). Nh xay dwng hai mé&t phang
nghiéng véi nhau cho phép bién dang xoan trén hai
mé&t phang duoc thay ddi nhanh chéng trong quéa
trinh md phdng va chay chwong trinh. Trén Hinh
H.4, goc x0én clia canh dwoc xac dinh bang 45°.
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H.4. Thiét lap bién dang canh véi goc xoan diéu chinh

Céc canh quat duwoc 14p 1&én bau canh tao thanh
banh céng tac. Géc hop gitka mat phéng thang
dlrng cla bién dang chan canh va mat phéng doc
bau canh la géc dat canh. Géc dat canh dwoc diéu
chinh nhanh chéng trong qua trinh mé phéng bang
céach thay ddi gia tri géc. Hinh H.5 minh hoa géc déat
canh bang 35°. Sé lwong canh trén bau canh cla
quat théng gié mé c6 thé dén 12 canh [4], trong vi
du minh hoa mé phéng, s lwong canh dwoc chon
bang 10 canh. Nham nhanh chéng l&p ghép ciing
nhw diéu chinh, cac canh tr thir 2 dén ther 10 dwoc
ghép bang cach sao chép tir canh sé 1 (Hinh H.5
bén trai) quanh dwérng tam truc quay ctia bau canh.
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H.5. Thiét Iap géc dat canh cia cac canh quat Ién bau canh

2.2.2. Rang budc cua bai toan mé phéng

Trong bai toan mé phdng déng hoc dong chay,
duorng dong chay vao va ra, loai dong chay can
phéi dwoc xac dinh.

V&i yéu cau an toan trong hdm 16, cac mé ham
16 khi khai thac phai phan loai ra cac mé c6 nguy
hiém vé khi, bui nd va phai xac dinh dwoc nébng do
cac loai khi va bui nay. Cac via co thé phan chia
ra nguy hiém vé nd hodc tw chay. Khéng khi trong
cac hdm 16 cé ngudi lam viéc phai dam bao ndng
dd oxy khéng nhé hon 20% (khi 6 cho phép néng
do khi CO, tai vi tri lam viéc khong Ion hon 0,5%)
va nhiét do khoéng I&n hon 300C. Nong d6 khi CO,
trong ludng gié thai chung ctia mé phai nhé hon
0,75%. Do vay, cac tinh chéat ciia khéng khi trong
md ham 16 khéng khac biét nhiéu véi khong khi

bén ngoai méi trwdng. Cac thudc tinh clia khong
khi dung trong mé phoéng dwoc khai bao nhw trén
Hinh H.6. Trong d6, khéi lwong riéng ctia khéng khi
bang 1,225 kg/m?.

H.6. Binh nghia théng sé ctia khéng khi noi ldp ddt quat

Ap suét khéng khi truéc va sau quat bang ap
suét khi quyén p_ = 1atm = 101325 Pa nén khong
khi khéng gay ra can tré ap suét cla quat, trong
khai bao chon &p suét dau ra bang khoéng. Quat
thiét ké v&i lvu lwong Q=3 m3/s, dwdng kinh trong
6ng 0,488 m: do d6 van tdc gié vao quat dwoc xac
dinh [7];

S P 3
€= D7~ L, 0488~ s 3)
K el T
Thay sb, ta dwoc:
(=——"r0=16m/s
3,14-0’428
Lwu lwong khdi lwong twong Gng

Qm=0Qp=3-1225=3,675kg/s. Do d6, cac
thdng sé van toc dau vao va ap suatkhiquyén daura
dwoc khai bao theo phwong va dd Ién nhw Hinh H.7.
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H.7. Khai bao van téc dudng vao va ap suat
Banh cong tac bao gébm cac canh va bau canh
quay quanh tryc cda déng co khi nén. Diéu kién
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bién cho quay cla céc vach (bé mét) clia cac canh
cling nhw bau canh phai dwoc khai bdo. Hinh H.8
khai bao cho banh céng tac quay quanh truc z trong
hé toa dd Dé cac oxyz véi tbc dd quay 2950 r/min.

Cance

H.8. Toc d6 quay va chiéu chuyén déng clia canh quat
Ap suét dong duoc xac dinh theo cong thire [2]:

Pa =7 pct N/m? )

Trong d6: p- khéi lwong riéng cltia khong khi,
leg / m3; c- van toc tuyét dbi ciia khong khi, m/s;

Ap suét tdng dwoc xac dinh:

p=ptpa (5)

Trong d6 p, — ap suét tinh, N/m?

Theo [9], 4p suat tinh dwoc tao ra bdi quat
hwéng truc cé thé tinh toan cho méi ban kinh theo
cong thirc sau:

p,=343-10"%n-z,-C, - w,, ,mmH,0 (6)

Trong do:

7g — sb lwong canh;

n — téc d6 quay cla banh céng tac, r/min;

C. — hé sb nang ctia dong chay & goc dat canh
(xem Hinh H.9); n

1 — chiéu rong canh, inch;

W — van tdc trung binh twong dbi cta khéng
khi, ft/min (feet per minute)

1.8

Hé s6 can kéo Cp, va hé s6 can nang C;

Gaéc dat canh (")

H.9. Bang tra hé so cinnang C [9]

CONG NGHIEP MO, SO 4 - 2022

3. KET QUA VA THAO LUAN

Sau khi thiét 1ap mé hinh 3D va dinh nghia céac
rang budc, k&t qua md phadng déng hoc quat hwéng
truc dwoc thé hién trén Hinh H.10 va Hinh H.11.
Phan bau canh khéng cé khéng khi chuyén dong
qua nén van tbc khong khi di qua day rat thap. Van
tdc chuyén dong ctia khéng khi tang dan 1én sau
khi di qua canh quat. Xét tai thoi diém tire thoi khi
canh quat day khong khi ra phia truéc, sw phan bd
van tb¢ khéng khi cling khédng déu nhau. Cac phan
t&r khong khi phia trwéc canh quat sé duwoc day voi
van téc Ién hon.

H.10.Phén bé van tdc cta gié khi di vao va ra khdi quat

Do phan dién tich chan cta déng co khi nén,
ctia bau canh nén khong khi khéng di qua cac phan
dién tich chan nay. Dong chay khéng khi sé bao
quanh ddng co khi nén va bau canh, sy chuyén
dong theo dong thé hién rd trén Hinh H.11. Nho két
qua mo phong trén Hinh H.9 va Hinh H.10, ngu&i
thiét ké co thé dé dang quan sat dong chay khéng
khi cling nhw van téc ctia khéng khi.

sizaty

H.11. Phan bé dong chay khong khi khi vao va ra khéi quat

Pé danh gia anh huéng clia goc nghiéng déat
canh va goéc xoan, nghién ctvu nay sé diéu chinh
lan lwot cac géc nay dé khao sat, danh gia. Cac
thong sb dau vao khao sat nhw sau: S6 vong quay
quat n = 2950 vg/ph, dwdng kinh chan canh quat
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Bang 1. Van téc va ap sudt caa khong khi thay ddi theo goc xodn canh

Gocnghiéng  Gocxoan Van toc‘g 0 Va’n toc glo A sujat dng Ap suét tinh A su»at tong
dat canh () 0 trung binh I6n nhat daura ) dura daura ,
: (m/s) (m/s) pe (N/m*) p (N/m*)
25 5 24,20 48,50 1440,75 28,60 1469,36
25 25 23,96 48,12 1418,26 28,32 1446,58
25 45 23,07 46,60 1330,08 27,21 1357,35
Bang 2. Van téc va ap sudt caa khéng khi thay ddi theo géc nghiéng dat canh
Gocnghiéng  Gécxoan e toc‘g 10 Va'n toc gi0 Ap su»a tdong Ap suat tinh Ap Sliat tong
dt canh () ) trung binh I6n nhat daura ) dura daura )
: (m/s) (m/s) pe (N/m*) p (N/m?)
5 5 29,02 60,12 2213,82 3430 2248,13
15 5 25,06 52,15 1665,76 29,62 1695,39
30 5 2414 48,35 1431,85 28,53 1460,39

D; = 280 mm, dwong kinh dinh canh D, = 420 mm,
s6 lwong canh quat z = 10. Bang 1 chi ra anh
hwéng clia géc xoan khi géc dat canh cé gia tri cd
dinh bang 25°. Theo két qud moé phdng, khi ting
goc xoan thi van téc gié va ap suét gié gidm dan do
khong khi qua banh coéng tac chuyén dong réi, ting
tén that khi di qua quat.

Khi gitr nguyén goc xoan canh quat va thay déi
géc dat canh, két qua van téc va ap suét gio khi
di vao va ra khdi quat dwgc chi trén Bang 2. Géc
nghiéng dat canh &nh hwdng rat rd rang dén sy
thay ddi ap suét ctiaq quat, khi géc nay ting Ién thi
ap suét tdng clia quat giam di nhanh chéng.

KET LUAN

> M& phdng dong hoc chat 16ng (CFD) la cong
cu hiru ich gitp cho nguei thiét k& co thé nhanh
chéng xac dinh cac théng s co ban cla chét 16ng

TAILIEU THAM KHAO

hoac chét khi khi di quabanh cdngtac. V&i mé hinh
3D-CAD v¢i kich thudc va két cau can thiét ké cia
quat, c6 thé diéu chinh géc xoén va géc dat canh
nhanh chéng, dé dang, cho phép thay ddi goc nay
trong qua trinh moé phéng;

> Khi git® nguyén cac diéu kién rang budc (chat
lwu 1a khoéng khi, lvu lwong dau vao, ap suat daura,
sb vong quay clia banh cong tac) thay déi géc xoan
ho&c géc dat canh thi van toc va ap suét ctia gio di
qua thay ddi, cac gia tri va mién phan b duwoc hién
thi bdng mau sac trén hinh két qud mé phéng. Trén
co sé& d6 cé thé lwa chon théng sé phu hop;

> Két qua minh hoa phan bé van téc va dong
chay qua quat cho thay van téc cha khéng khi
qua canh quat tang Ién nhanh chéng, dong chay
khéng khi bj thay dbi theo géc nghiéng d&t canh
va géc xoan. Sy chay rdi tdng nhanh khi cac goc
nay tang 1énOd
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SIMULATION OF INFLUENCE OF SETTING AND TWIST ANGLES
OF LOCAL FAN USED IN UNDERGROUND COAL MINES
Nguyen Dang Tan, Kieu Viet Thinh, Tran Viet Linh

ABSTRACT

Local fans in underground coal mines are now mainly axial fans. The setting and twist angles of the
axial fan blade directly affect the velocity of the air passing through the fan, that is, affect the flow and
thrust pressure of the fan. The velocity components of the air at the entry and exit points of the blades
are normally determined by geometric methods. Due to the curved blade profile in space, the survey of
velocity components at some characteristic cross-sections does not accurately represent the average
velocity of the air leaving the blades. In order to simplify and reduce the calculation volume and quickly
determine the flow and air pressure passing through the fan, conduct simulation for the local fan by
building 3D models and assembly for quick adjustment. Quickly set the blade angle to simulate the flow of
air through the fan. This method allows the designer to quickly and intuitively determine the blade angle
as well as the fan setting angle.

Keywords: axial fan, computational fluid dynamics, dynamic pressure, setting angle, twist angle.

Ngay nhan bai: 25/3/2022;

Ngay gtri phan bién: 25/3/2022,

Ngay nhan phan bién:  18/4/2022;

Ngay chap nhan dang:  28/5/2022.

Trach nhiém phap ly cta cac tac gia bai bao: Cac téc gid hoan toan chiu tréch nhiém vé céc sé liéu,
néi dung céng bé trong bai béo theo Luét Bao chi Viét Nam.

IEN cONG NGHIEP MO, SO 4 - 2022



