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Abstract. The two-stage axial-flow fans are a good solution for applications where higher static
pressure is required. There are two ways to design a two-stage axial-flow fan: (1) with two fan wheels
rotating in the same direction and with guide vanes places between the two stages; (2) with two
counterrotating fan wheels and no guide vanes. This paper presents the result of the computing flow
rate, anti-torque of the second type of the two-stage axial-flow fan. An experimental model is also
built in order to verify the computing values. This paper can be applied in experimentation and in
industry.

Tém tat. Quat huéng truc hai ting cdnh véi wu diém cho phép tao lwu lrong 1ém, gidm on va
rung dong hién dang duwgc tmg dung rong rai trong cong nghiép. M6 hinh quat hudng truc va gidi
phép diéu khién ciap dong co dién khong chdi than quay ngwoce chiéu nhau dwoc trinh bay trong bai
viét ndy mot mat gitip kiém chirng céc tinh toan 1y thuyét cé thé dwge dimg nhir mot mo hinh thue
nghiém; mit khdc mé ra hwéng cho phép san xuit va ché tao quat huéng truc hai ting cdnh ting
dung trong nhiéu linh virc khéc nhau & nuée ta hién nay.

Tir khéa: Ly thuyét quat hwéng truc, 1y thuyét phin tir cdnh, dong co dién khong chdi than,
turbomachinery, axial-flow fan.

1. GIOT THIEU

Hién nay, trong cong nghiép ngudi ta st dung quat hiréng truc dé thong gié, lam mat,
it bui, cung cdp gié cho 1o A6t Céc loai quat hwéng truc sir dung mot ting canh c6 wu diém
dé ché tao, 1lap dit, bdo tri sita chita. Tuy nhién néu mudn tang lru lrong sé bi giéi han vé
mit cong suat dong co, s6 vong quay, kich thuée quat. Hon nira, & nhirng ché do vong quay
16m, hiéu suat cia cdnh quat khong cao lam giam di tinh kinh té.

Trong linh virc giao thong van tai, céc loai phirong tién sir dung quat hwéng truc dé tao
lirc day nhwr tau dém khi (Hovercraft), thuyén bay (WIG) doi héi phai tao di lwc day yéu
cau trong diéu kién giéi han vé kich thwéce va cong suat dong co, dong thoi phai khir dwoc
moment xoay phan lwc do quat gay ra.

Trong nganh hang khong, céc ong khi dong (Wind tunnel) sir dung quat hwéng truc ding

trong céc thi nghiém khi dong lirc hoc doi hdi phai tao dwroc triwrong van téc thang déu, khong
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x0dy trong vung thuc nghiém (Test section).

Nhirng diéu nay rat khé thwre hién dwoc néu st dung loai quat hwdng truc mot tang canh
truyén thong. Mo hinh quat hwéng truc hai ting cdnh quay nguwgce chiéu nhau, cing véi gidi
phép diéu khién va cédc két qua thire nghiém cia né dwroc trinh bay trong bai viét nay khong
chi gitip gidi quyét cdc van dé néu trén, ma con giip danh gid lai két qua tinh todn thiét két
quat hwéng truc. Tir d6 md ra hwrémg ché tao quat hwéng truc hai tang cdnh ttng dung trong
nhiéu linh virc khéc nhau & nwée ta hién nay.

O céc phin tiép theo ctia bai viét, ching toi s8 trinh bay co s& tinh toan 1y thuyét quat
huéng truc; mo hinh quat hwémg truc hai ting cdnh thiét ké; cting v4i phan tich cde két qua

thire nghiém cia no.

2. CO SO LY THUYET QUAT HUONG TRUC

2.1. Céc dic tinh co ban cia quat hwéng truc [1,2]

Luu lrong (Q) 1a lrgng lwu chdt di qua quat trong mot don vi thoi gian. Luu lwong dwoc
tinh theo m3/s.

Cot ap (H) dwoc x4c dinh bang d6 chénh léch co nang trén mot dom vi trong lrong chat
1dng gitra 161 vao va 16i ra cia mdy. Pon vi do 14 chiéu cao cot chat 1ong do ap.

bic tinh cia quat hwéng truc phu thude vao cac thong sé nhwr kich thwde quat (thwong

1a dudmg kinh quat); dang hinh hoc cia 14 cdnh; s6 lwong 14 cdnh; s6 vong quay cua quat.
2.2. Ly thuyét phan ti canh [4]

Ly thuyét nay cho phép tinh todn dic tinh ciia mot 14 cdnh bang cach chia nho 14 canh
ra thanh nhiéu phan goi 14 phan tir cdnh tai nhiéu vi tr{ bdn kinh (xem Hinh 1). Céc phéan tir

canh nay xem nhw khong dnh hwdng lan nhau.

mdi canh

»‘WIII/’,‘» P

22

gbec canh
Hinh 1. Phan tir cdnh
St dung Iy thuyét phan tir canh dé tinh toan, tir d6 lira chon cap cénh quat cho két qua
khir xody tot & cting ché do quay.
2.2.1. Cdc gid thiét ban dau [1, 4]
- Dong khong khi la khong nén dwoc.
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- Truong dong khi bén trong quat chuyén dong trong nhirng 6ng dong, thanh phan van
toc hwéng kinh khong déng ké.

- Ly thuyét cdnh 2D [6, 7].

- Bd qua céc ton that ning lirong, 1o ri lwu lrong.
2.2.2. Cdc phwong trinh dwoc s dung [3 — 5]

- Phuong trinh bdo toan lwu lwong khéi lwgng (phwong trinh lién tuc): & ché do dimg,
liru lrong khéi lrong di qua moi tiét dién bén trong quat déu bang nhau.

m = pyu; A; = hang s0. (1)
- Phwong trinh béo toan dong lwong (dinh luat IT Newton): Do bién thién dong lwong

ctia dong qua thé tich kiém sodt bang tong ngoai lirc tac dung lén thé tich kiém soét dé.

F="mAV. (2)

- Phuong trinh bao toan moment dong lwong: Do bién thién moment dong lrong cia

dong qua thé tich kiém sodt bang tong moment ngoai e tac dung lén thé tich kiém soat do.

M= / dinr%w. (3)

- Phuong trinh béo toan nang lwong (dinh luat I nhiét dong lwe hoc): Do gia tang nang

lirong toan phan cia dong chdy bang nhiét cung cap trir di cong sinh ra.

AE = QW. (4)

- Phirong trinh Bernoulli: M6 t bdo toan nang hrong cho hai diém trén ciing mot diwong

dong.

p1/7 + 329+ 21 = pa/y2 + 3/2g + 2. (5)

2.3. Tam giac van tdoc [3 — 5]

Puomg dong trong mo hinh phan tir canh c¢é thé dwoc thé hién theo mo hinh tam gidc
van toc nhu sau (xem Hinh 2).

V1: van toc dong khi ngd vao phan tir cdnh thit nhat;

Va: van toc dong khi khi ra khdi phan tir cdnh thit nhat;

V3: van toc dong khi ngo ra khoi phan tir cdnh thit hai;

Uy: van toc kéo theo trong hé quy chiéu gan véi phan tir canh thir nhét;

VR1in: van toc twong doi cia dong khi di vao phan tir cdnh thit nhat;

VRiout: van toc tirong ddi cia dong khi di ra phan tir cdnh thir nhat;

Us: van toc kéo theo trong hé quy chiéu gan véi phan tir cdnh thit hai;

VRoin: van toc twong doi cia dong khi di vao phan tir cdnh thit hai;
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Vioout: van toc twong ddi cia dong khi di ra phan tir cdnh thit hai.

U1

Vi :;R“ﬂ
\ Ut

V2
R1out

VR2in

w =

V3
VR2out

Hinh 2. Mo hinh tam gidc van toc
2.4. Mo hinh tinh toan

Chong chéng mdy bay va cdnh quat hwémg truc trén thi trwromg thwong dwoc sdn xuat
theo quy trinh sau [5]:

- Lwra chon dwomg kinh. Véi cde loai chong chéng nhd, dwong kinh dwoce lam tron theo
don vi inch hodc centimet t.

- X4c lap bién dang canh.

- Chon goéc dat canh.

- X4c dinh chiéu dai day cung cénh.

- S6 lwgng 14 cnh.

Do yéu cau dic tinh lirc ddy cao, chong chéng dwroc san xuat phitc tap hon 14 canh quat.

L4 canh quat dwoc lam don gidn dé giam chi phi san xuAt.

Bdng 1. So sanh chong chéng may bay va 14 cdnh quat

Chong chong may bay La canh quat
Bién dang khi dong. Bién dang ctia tam phing hodc
Vi du: NACA 2412 [5. 8] bién dang canh mong

Goc xo4n tai ban kinh » xac dinh
theo pitch hinh hoc boi cong thite | Gée xoan hiang so6
p = 2mrtand [6]

Be rong day cung canh thay doi Be rong day cung canh hang so
tuyen tinh tir trong ra ngoai. hoac thay doi tuyen tinh

S6 Iwong l1a canh thay dbi. Quat

T 2 den 4 1a canh S N
quay cham dung nhieu 14 canh.

Nhirng khdc biét ché tao gitra chong chéng may bay va canh quat 14 do bai todn kinh té.
M6 hinh tinh todn va thue nghiém véi quat hwéng truc c6 thé ding chong chéng thay cho

canh quat dé két qua tinh todn chinh x4dc hon. Bang 1 thé hién sir so sanh cia céc dac tinh
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co ban gitra chong chéng mdy bay va l4 cdnh quat.

Hinh 3. Chong chong hai canh dwong kinh 10”7, pitch hinh hoc 5”

Céac budce tinh toan cho tirng cap chong chéng theo pitch hinh hoc nhw trén Hinh 4.

Xeét tung vi tri ban kinh

!

Chon vén te V1, V2, V3 Jo——

|

V& cac tam giac van toc

'

Tinh lyc khi dong tac
dung 1én cac phan tir
canh.

I

Kiém tra cac phuong
trinh bao toan

Khong
thoa

l

Dwavao V3 danh gia
kha ning kint xoay

Hinh 4. Giai thuat tinh toan chong chdéng theo pitch hinh hoc
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Hinh 5. Biéu d6 moment xoan trén truc theo liru lwong cia mot s cip chong chéng
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Trén thure té, kich thudce cia chong chéng may bay mo hinh dwoc xdc dinh bdi s6 cdnh,
dwomg kinh va pitch hinh hoc. Chong chéng méy bay mo hinh dwgc chon sit dung trong bai
viét nay 1a loai chong chéng 2 cdnh dwong kinh 10 inches, pitch hinh hoc hang s6 tir 4,75
inches dén 8 inches.

Hinh 5 14 két qud tinh todn cho mot s6 cap chong chéng hoat dong & ché do cing s6 vong
quay.

Dura vao biéu dd6 & Hinh 5, cap chong chéng pitch 4,77 va pitch 4,5” ¢6 kha ning khir
moment xoan to6t nhat. Pé kiém chitng tinh todn 1y thuyét, can phai thiét ké mo hinh thire

nghiém.

3. THIET KE MO HINH THUC NGHIEM

3.1. Yéu cau thiét ké

Mo hinh thire nghiém cé thé cho phép do dwge lru lwong dong khi di qua va anh hurdng
clia moment xoan trén truc (thong qua géc xoay quanh truc di qua dong co) dé kiém chiing
véi tinh toan 1y thuyét. Mo hinh thire nghiém phai ddm bdo an toan va d6 on dinh trong

qud trinh hoat dong.
3.2. Thiét ké so bo
3.2.1. Chon dwong kinh quat

Tir nguon kinh phi dé tai nghién ciru khoa hoc cdp sinh vién [13] mo6 hinh thire nghiém Ira
chon 13 mo6 hinh quat hwémg truc hai tang cdnh quay ngwoc chiéu nhau sit dung ciap chong
chéng thuan nghich dwong kich 10 inches, va c6 pitch Ian lwot 14 4.5 va 4.75 inches.

3.2. 2. Chon dong co

DPong co dwroc lira chon 1a dong co dién mot chieu khong chdi than stt dung cho méy bay
mo hinh. Céc thong s6 cia dong co: trong lirong khodng 70 gram; cong suat toi da khodng
260W; hé s6 tdng vong quay theo hiéu dién thé 14 1250Kv; cwong do dong dién tdi da 1a 20A;
str dung pin Lipo3S; dudmg kinh truc quay la 28mm.

8.2.83. Phuwong dn dat dong co

Hinh 6. Ban vé 1ap mo hinh thuce nghiém

Hai dong co dwoc dat d6i dau vao nhau dé ddm bao dong sau khi qua tAng canh thit nhat
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sé di ngay vao tang canh thit hai ma khong bi anh hwdng bdi céc vat can (xem Hinh 6).
3.2.4. Chon vat licu

Vat liéu dung ché tao vanh bao ngoai cia mo hinh quat hwéng truc thire nghiém (ducted
fan) 14 go balsa. Loai go niy c6 dic tinh dé gia cong chinh x4c va gid thanh ré.

Céc gan va bé d& dong co dwrge ldm bang mica 2mm.

Gi4d do lam bang ong inox.
4. CHE TAO MO HINH VA THUC NGHIEM

4.1. Ché tao mé hinh

Toan bo mo hinh thuce nghiém trinh bay trong bai viét nay dugce ché tao tai Phong thi
nghiém Ky thuat Hang khong nha C1 truong Dai hoc Bach Khoa Tp. HCM.
4.1.1. Ducted fan

Hinh 7. M6 hinh thwe nghiém quat hwéng truc hai tang canh quay
nguoc chiéu nhau hoan chinh

4.1.2. Mach dieu khién

Hinh 8. Mach diéu khién

Cé chire nang nhan s6 vong quay dong co mong mudén tir may tinh, xuit tin hiéu diéu
khién PID ra dong co va hoi tiép s6 vong quay hién thi lén man hinh mdy tinh. Mach dieu
khién c6 tich hgp compass CMPS03 [10] dé ghi nhan géc xoay ciia mo hinh thiyc nghiém.
Giao tiép gitta mdy tinh va mach diéu khién thong qua thiét bi thu phat wifi HM-TR v1.1
[11]. Mach diéu khién st dung chip PIC16F877a ctia hang Microchip [12] (xem Hinh 8).
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Hinh 9. Encoder dém s6 vong quay

Doc s6 vong quay bang timer0, dinh thoi gian 14y mau bang timerl, xudt xung diéu khién

ra portB, pin B6 va BT.

Encoder 24 vach (xem Hinh 9). Thoi gian 1dy mau 100 ms.

RMP_ref

PDD

e

86 véng quay
dong co

Bong co

Hinh 10. Giai thuat diéu khién

Giao dién dieu khién trén may tinh dwge viét bang chwrong trinh Visual Basic 6.0 (xem

Hinh 11).

[3 DISPLAY
Help

TeeChart
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Hinh 11. Giao dién diéu khién trén mdy tinh
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Hinh 12. Bo thiét bi do van toc gié Eagle Tree
4.1.8. Thiét bi do van toc

St dung éng pitot két néi véi bo Eagle Tree [9] thu phat tin hiéu qua séng wifi. Dau 6ng
pitot dat cdch mit phang quay cia ting cdnh thit hai khodng 20mm.

4.2. Két qua thi nghiém

4.2.1. Két qud do van toc tai bdan kinh trung binh

10

Vib
(m/s)

—e— Thinghiém véi quat 2 ting canh

—=— Ly thuyét cho quat 2 ting cinh

5
—a— Thinghidm véi quat 1 ting canh
—s<— Ly thuyét cho quat mét tang canh
5

—#—Saiso tren

—a—s2iso duoi

3 T T
4000 4400 4800 RPM 5200 5600 6000

Hinh 13. D6 thi so sdnh van téc trung binh gitta ly thuyét va thue nghiém
4.2.2. Két qud tinh todn mitc do khit moment trén truc

D6 thi & Hinh 14 cho thdy st dung quat hwéng truc hai ting canh sé lam gidm moment
xoan trén truc dén hon 95% so véi quat mot ting canh. Thirc nghiém cho thay mo hinh
ducted fan khéong bi xoay trén gid dd. Chirng té6 moment xoan da dwgce khir gan hét.
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Hinh 14. D6 thi so sénh moment xoan trén truc gitra hai loai quat
4.3. Panh gia két qua

O van toc nho, sai s6 cia thiét bi do (6ng pitot) 16m. Vi vay do thi thire nghiém do van
toc dong khi qua mot tang canh (dwomng cong bén duwédi & Hinh 13) ¢ cho khong hop 1y tir
4300 vong/phiit dén 4500 vong/phiit.

Dai véi két qua thire nghiém do van toc dong khi thodt tir hai ting cdnh, do cé su sai
léch gitra vong quay thire va vong quay mong muon & tirng dong co (ghi nhan tir két qua cho
thay sai léch nay c6 gigi han trén 14 +50 vong/phit va giéi han dwdi 1a -100 vong/phiit).
biéu nay dwoc 1y gidi do khi chong chéng quay sé chiu lirc cdn 16n nén s6 vong quay thue té
clia tirng tang cdnh ¢ xu hiréng gidm nhanh hon xu hréng tang (xem Hinh 15). Trén do thi
& hinh 14, duwdong sai s6 trén (duwomg mau cyan) dwge vé theo ARPM = 50, va duong sai s6
duéi (dwong mau cam) dwoc vé theo ARPM = -100.

TeeChart
5000 T T AT
4500 - b it AR BERS O
4,000 ' f A

Hinh 15. So sdnh thoi gian 1én, thoi gian xudng khi ting va giam sd vong quay mong mudn

Nhan xét da s6 cac diém ghi nhan dwoc tir thue nghiém déu nim trong ving bao giita
hai dwong sai s6 trén va sai s6 dwdi. Tir dé c6 thé két luan trong trirong hop nay mo hinh
tinh todn cho két qua ddng tin cay.

So sanh vé Iiru lirong: ta cé thé dé dang nhan thdy quat hai ting canh cho liru lrong lém
hon quat mot ting cdnh.

So sénh ve cong suat: Khi tao ra cling lru lirong, quat hwréng truc hai ting canh can tong
cong suat nhd hon. Vi quat hudéng truc mot ting canh tao ra dong cé nhiéu xody. Nhirng
X0dy nay tiéu tén nang lwong ma khong déng gép vao gia tang lwu lrong.

So sanh vé moment xoan trén truc: Quat hudng truc hai ting canh lam gidm moment
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Hinh 16. DG thi so sanh cong sudt giita hai loai quat

5. KET LUAN

U’ng dung quat hiréng truc hai ting canh vao cong nghiép sé gitip tiét kiém dang ké chi
phi dau twr ban dau cting nhw chi phi van hanh do khong phai sit dung dong co c¢6 cong suat
l6m ma thay vao doé 14 hai dong co cong suidt nhd hon. Hiéu qua st dung ndng lwong cao
hon. Hé théng van cé thé hoat dong néu mot dong co bi hong.

Ung dung quat hwéng truc hai ting cdnh vao thiét ké hé théng tao luc ddy cia céc
phuong tién giao thong nhw tau dém khi, WIG, sé giip gidm két cdu chiu lwe, khir cdc dao
dong rung va tang tinh on dinh do da khir diroc gan hét phan lirc moment téc dung.

Hién nay, cdc ham gi6 hd da d4p dung loai quat hwéng truc hai ting cdnh. Ham gié hé
ENSMA trong Phong thi nghiém Hang khong, Pai hoc Bach khoa Tp. HCM la mot vi du
(xem Hinh 17).

Cudi ciing, mo6 hinh quat huéng truc hai ting cdnh quay ngugce chiéu nhau trinh bay trong
bai viét nay c¢é thé dwoce sir dung nhir mot mé hinh thire nghiém cho 1y thuyét tinh todn quat

huéng truc.

Hinh 17. Ham gi6 hd ENSMA ding quat hwdng truc hai tang cédnh

B
0
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