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TOM TAT

Trong khi c6 rat nhiéu nghién ccwu lién
quan dén chong chéng cho may bay & diéu
kién méi trirong réi cao thi nhiing nghién ctru
cho chong chéng may bay & Reynold thép
cho nhitng may bay mé hinh hay UAV lai it
duwoc chu trong. Tuy nhién cé rét nhiéu
chong chong lai dwgc sty dung cho muc dich
nay. Trong bai bao nay ching téi sé xay
dwng mé hinh m6 phéng cho chong chéng &

diéu kién hé sbé Reynold duwéi 100.000 & sb
vong quay thdp hon 10.000 vong/phit dua
trén dic tinh hinh hoc cua mét cat chong
chéng tai 75% chiéu daila canh, phan bé géc
xo0dn va chiéu dai cung canh s dung phén
mém nguén mé OpenFOAM. Két qué méb
phéng dwoc so sanh véi thuc nghiém dé
chuén héa mé hinh tinh toan.

Ter khoa: Chong chéng méy bay khéng nguoi lai, md hinh réi, OpenFOAM.

1. GIOI THIEU

Nhitng chong chong ¢& nho hoat dong &
diéu kién hé s6 Reynold thap ngay cang déng vai
trd quan trong trong cac thiét ké lién quan dén cac
dang bay tu dong khong nguoi 1ai hay drone. Pac
tinh nhiing chong chong nay c6 chdt khac biét so
V6i cac chong chéng dong dang nhung c6 kich
thude 1on. Theo nhitng nghién ctru dua trén thuc
nghiém ctia Durand [1], nhiing chong chéong co
duong kinh tir 9-14 inch s& co hiéu suét thdp hon
khoang 7% dén 15% so véi cac chong chong co
duong kinh khoang 36 inch nhung c6 cung ti 1€
g6c xodn theo dudng kinh. Va ¢ nhiéu nghién
ctru khac ciing chi ra nhitng tmg x®r khac biét &

Reynold thap cta chong chong va d6 ciing chinh
1a Iy do chlng t6i tién hanh nhimg nghién ctru
trén cac chong chong nay.

Trong bai bao nay ching t6i s& trinh bay mo
hinh mé phong sb dic tinh hoat déng caa chong
chéng may bay khong nguoi lai ¢ ddy Reynolds
thip dudi 10° va ap dung md hinh dwa ra cho
chong chéng Master Airscrew E9x6 (mot dong
chong chéng phd bién hién nay cho cac may bay
khong nguoi lai loai nhé sir dung dong co dién).
Két qua mé phong sé thu dugc cd so sanh véi két
qua thyc nghiém dé danh gia do tin cay cua md
hinh mé phong sb dé xut.
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Trong bai viét nay, mé hinh md phong sb st
dung phan mém ma ngudn mé OpenFOAM v2 4.
2. MO TA VAN DE

Qua trinh md phong bét dau bang viéc xay
dung mé hinh sé ciia chong chéng trén may tinh.
Hinh hoc that caa chong chong Master Airscrew
E9x6 duoc md ta nhu hinh dudi day.

Hinh 1. Chong chéng Master Airscrew E9x6

biac trung hinh hoc cta chong chéng nay
duoc biéu dién boi phan bé chiéu dai day cung
(c) va g6c xoan (B) cua ting phan tir cach theo vi
tri ban kinh (r) cia phan tir xét voi R 13 béan kinh
cua chong chéng. Hinh 2 thé hién dic trung hinh
hoc cua chong chéng Master Airscrew E9x6
(MA E9x6) duoc cong b boi Truong linois [2].
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Hinh 2. Bic trung hinh hoc ctia chong chong Master
Airscew E9x6

Dua trén dac trung hinh hoc cua chong
chéng nay nhém tac gia da xay dung hinh hoc
twong (g trén may tinh bang phan mém CAD.
Kho khan 16n nhét trong qua trinh dung lai hinh
hoc ctia chong choéng trén may tinh d6 la xac dinh
dung bién dang cua phan tir canh cua chong
chéng & ting vi tri ban kinh xét. Dé giai quyét

van dé nay bién dang tai vi tri 75% ban kinh tinh
tir tAm trén chong chdng dugc chon lam bién
dang canh dit trung theo d6 phan bd day cung
cénh (c) va phan b géc xoin (B) tai mdi vi tri ban
kinh (r) duoc dam bao ding véi phan bd thyc té
cua chong choéng (xem hinh 2). Bién dang cua
chong chong Master Airscrew E9x6 dugc khao
sat bang phuong phap quét khong tiép xdc voi
may quét NextEngine 3D Scanner [3] va dugc
phan tich hinh hoc dé kiém ching véi phan b
cua Truong lllinois [2] dua ra ¢ hinh 1. Hinh 3
biéu dién mé hinh chong chéng sau khi dugc
dung trén may tinh.
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Hinh 3. M& hinh 3D cuta chong chéng MA E9x6
3. QUY TRINH MO PHONG SO PE XUAT
CHO CHONG CI:IONG MAY BAY KHONG
NGUOI LAI O DAY REYNOLDS THAP
Quy trinh mé phong sé dic tinh cua chong
chéng bat dau bang viéc xac dinh mién tinh toan
va chia ludi.

Mién tinh toan dugc miéu ta trong hinh 4.
Mién tinh nay tuwong tu vai viéc md phong bién
dang canh véi viéc liy chiéu dai dic trung l1a
duong kinh ctia chong chéng. Theo do, duong
kinh mién mo phong tdi thiéu bang 10 lan duong
kinh chong chéng. Pau vao cua dong khi tu do
nén cach chong chéng mét khoang it nhat 13 10
lan duong kinh, con ngd ra cia dong leu chat nén
cach chong chéng maot khoang it nhat 1a 20 l1an
duong kinh chong chong [4].

Viéc mé rong mién tinh s& han ché duoc anh
huong caa diéu kién bién trong bai toan mo
phong. Tuy nhién ting thé tich ciia mién s& lam
tang d6 Ion cha ludi lam tang thoi gian chay bai
toan trén may tinh.

Bai todn md phong chuyén dong quay cua
chong chdng trong khéng khi nén ky thuat dugc
ap dung trong bai viét nay 1a k§ thuat phan tach
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mién tinh thanh nhiéu ving khac nhau (Multi
Reference Frame) twong tng véi phuong trinh
vat ly khac nhau. Bai toan tinh (steady) ludi s&
khéng chuyén dong truot I&n nhau gitta ving
quay tuc viing c6 chtra chong chéng va phan con
lai nhung trong viung nay phuong trinh dong
lugng® s& duoc cong thém maot thanh phan tac
dong cuaa luc Coriolis do chuyén dong quay gay
ra.

Déng tw do
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Hinh 4. Mién mo phong s6 ciia chong chong MA
E9x6
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Do dic tinh hoat déng ciia chong chéng cua
may bay khong ngudi 14i ¢ ddy Reynolds thap
nén mé hinh réi duoc chon trong bai viét 1a mé
hinh Spalart Allmaras [5]. Theo d6, chong chéng
dugc md phong ¢ van téc quay 5000 vong/phut
va 6000 vong/phdt lan luot véi cac dong chuyén
dong 5m/s, 10 m/s, 15 m/s, 20 m/s va 30 m/s (tng
v6i day Reynolds tir 5x10* dén 7x10%).

4. KET QUA MO PHONG SO PAC TiNH
HOAT DONG CUA CHONG CHONG
MASTER AIRSCREW E9x6

Hé s6 Y+ thé hién do chinh xac caa mé hinh
tuong trong tng xur cua I6p bién bén trén bé mat
cua chong chéng. Trong OpenFoam giGi han cho
phép cua né 1a 300. Két qua mod phong sb thu
dugc cho truong hop c6 do rdi cao nhit twong
g Vvéi van téc quay 6000 vong/pht va van toc
dong tu do la 30 m/s (xem hinh 5) gia tri Y+ Ion
nhét ghi nhan 1a 26.5. Nhu vay tng xt 16p bién
phu hop.

0.521 ' 265

Hinh 5. Phan bé cua Y+ trén két qua mo phong sb
ctia chong chong MA E9x6 & van téc quay 6000
vong/phut

Chong chdong quay tuong (ng Vi ving ludi
quay. Do d6 phan b van téc trén bé mit sé ting
tuyén tinh tir tim ra d&én dau mat. Hinh 6 thé hién
truong van téc phan bé khi chong chéng quay &
van téc 6000 vong/phdt.
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Hinh 7 va hinh 8 lan Iuot thé hién phan b
van tc va phan bd &p suit quanh chong chéng
MA E9x6 & vong quay la 6000 vong/phut véi van
téc dong 1a 20 m/s.
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Hinh 6. Phan bé van téc trén chong chéng MA E9x6
& van téc quay 6000 vong/phut

Hinh 7. Phan b6 van tc quanh chong chong MA
E9x6 & van téc quay 6000 vong/phut khi vén téc
dong la 20 m/s
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Hinh 8. Phan b 4p sudt quanh chong chéng MA
E9x6 & van téc quay 6000 vong/phut khi véan téc
dong la 20 m/s

Hinh 9 thé hién dic tinh luc day cua chong
chéng MA E9x6 théng qua hé s6 luc day (Cr) thu

dugc tir mé phong sé. Két qua mé phong s duoc
so sanh véi két qua thuc nghiém ciia chong chéng
nay duoc tién hanh trong éng khi dong ho hién co
& Bo mon Ky thuat Hang khong, Dai hoc Bach
khoa [6][7], va véi két qua cong bd boi Pai hoc
Illinois [1][8].
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Hinh 9. Hé b lyc ddy ciia chong chong MA E9x6
theo md phong sb va theo thuc nghiém
Hinh 10, hinh 11 thé hién két qua hé sé cong
Suit va hiéu suit cua chong chéng MA E9x6 c6
duogc tir md phong s va két qua thuc nghiém
cong bb bai Pai hoc lllinois.
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Hinh 10. Hé s6 cong suat clia chong chong MA E9x6
theo md phong sb va theo thuc nghiém

Két qua so sanh hé s6 luc déy CT theo hé s
tién J (v6i J = V/nD, trong d6 V 1a van téc dong
vao, n la sb vong quay cua chong chéng trong
mot gidy, D la duong kinh ctia chong chéng)
dugc biéu dién ¢ Hinh 9 cho thiy do6 chinh xéac
cia két qua md phong kha cao, sai sb trong
khoang tir 2% dén dudi 10% khi chong chéng
hoat dong ¢ diéu kién ma hé sb tién nho trong
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khoang 0.2 dén 0.5; khi hé sb tién tang 18n thi sai
léch cang lon.
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Hinh 11. Hiéu suét cia chong chéng MA E9x6 theo
mo phong sé va theo thuc nghiém
Dbi vai hé sb cong suit (Cp) thi gié tri md
phong s6 cao hon han gié tri thuc nghiém. Diéu
nay c6 thé dugc ly giai do véi hé s tién Ion, van
téc tuong d6i cua dong khi so véi bé mat chong
chong tang cao dong thoi goc téi phan tir canh
cua chong chéng ciing nhé hon. Do d6 chi mét
thay d6i nho trong phan b bién dang canh déu
dan dén su khéc biét trong két qua. Hién tai trong
bai viét nay, mé hinh ciia chong chéng MA E9x6
duoc xay dung vai bién dang tai vi tri 0.7R la dac
trung (dac trung hinh hoc cua bién dang nay nhu
bé day, do cong bién dang s& duoc giir nguyén
cho moi vi tri ban kinh cuaa chong chong). Thuc
té thi & vang gan géc thi bé day caa bién dang
chong choéng sé& cé xu huéng ting, do cong cua
bién dang cua chong chdng sé ¢6 xu huéng giam.
Nguoc lai ¢ ving gan mii thi bé day va dé cong
cua bién dang cua chong chong déu c6 xu huéng
giam.

Su khac biét trong md hinh MA E9x6 md ta
& trén 12 nguyén nhan dan dén sy gia ting hé sb

lwc day (Cr) va hiéu suit cua chong chéng & viing
J cao; ciing nhu sy tang hé s cong suét (Cp) g
két qua md phong sb va két qua thuc nghiém. Va
su khac biét nay hoan toan cé thé giai quyét duoc
khi xay dung md hinh md phong s cua chong
chéng sat véi md hinh thyc té caa no.

Vé tong thé, c6 thé nhan thy két qua md
phong s vai mo hinh Spalart Allmaras [4] thuc
thi trén nén OpenFOAM dé xuit trong bai viét
nay dd phan anh dugc ding dic tinh hoat dong
cua chong chéng khi &p dung véi mé hinh cua
chong chéng Master Airscrew E9x6. M hinh dé
xuit hoan toan cé thé 4p dung cho cac chong
chéng may bay khong ngudi lai loai nho khac
hoat dong & ddy Reynolds thap, ciing nhu dugc
phat trién tiép dé cai thién do chinh xéac cua két
qua mod phong.

5. KET LUAN

Bai béo d& xdy dung dwoc md hinh md
phong sé cho chong chéng md hinh ¢ dong ¢6 do
rbi thap. Tuy két qua chua that sy chinh xac trong
diéu kién van téc va toc d6 vong quay cao, nhung
md hinh tinh toan s dé xuét d cho két qua phan
4nh dGng dic tinh hoat dong cua chong chong khi
ap dung cho chong chéng Master Airscrew E9x6.
Va mo hinh sé dé xuét cé thé duoc trién khai cho
céac chong chong khéc.

Mic khéc, dé cai thién do tin cay cua két qua
thu duoc tir md hinh sé dé xuét trong bai viét nay
dac tinh hinh hoa cia mé hinh chong chéng mé
phong nén bam sat dac tinh hinh hoc thuc té cua
chong chéng. Diéu nay c6 thé thyuc hién dugc voi
phuong an sir dung may quét khong tiép suat va
k¥ thuat xtr Iy dam may diém quét dé dung lai md
hinh chong chéng trén may tinh véi d6 chinh xac
cao hon. Két qua s& dugc trinh bay trong nhiing
nghién cuu tiép theo.
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On modeling of a small UAV’s propeller for
CFD simulation in low Reynolds numbers
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ABSTRACT

While there are many studies related to
propeller in high turbulent environment
conditions, the studies on propeller at low
Reynold for model aircraft or UAV get little
attention. However there are many propeller
is used for this condition. In this article, we
will build simulation process for propeller in
conditions of below 100,000 Reynold and

rotating speed lower than 10,000 rpm. The
propeller geometry is created in computer
based on real propeller properties at
sections at 75% propeller blade length.
OpenFOAM, an opened source software, is
used. The simulation results were compared
with experimental data to verify.

Key words: UAV propeller, turbulent model, OpenFOAM
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