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Abstract: Nowaday, the electric Ducted Propulsion Fan (eDPF) with high-
thrust and high-efficiency are researched and developed for hybrid or electric
aircraft, including electric vertical take-off and landing (eVTOL) aircraft. The
stator blades not only serve struts connecting the fan casing with the center
object containing the electric motor, but also play a role in helping to reduce
the eddy air flow created by the fan blades. Therefore, the stator blades can
help increase thrust, reduce noise and improve efficiency of the eDPF. The
parameters such as chord length, thickness ratio, arc of blade profile and blade
angle are changed and compared with VasyFan's experiment on a 570mm
diameter eDPF. In fact, the stator improvements have shown a 6.09% increase
in thrust.
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Toém tat: Ngay nay, quat day dién cé 6ng huéng dong (eDPF) véi luc day va
hiéu suét cao dwoc nghién clru va phat trién cho cac thiét bi bay lai hodc st
dung dién, bao gdm ca phwong tién bay cat ha canh thdng dirng béng dién
(eVTOL). Céc la canh tinh vira c6 cong dung lam thanh chéng néi gitra phan
vé dng hwéng dong véi phan vat & tam chira moé-to dién, vira co vai trd gitp
gidm bt dong khi xody tao béi cac la canh quay. Twr do, cac la canh tinh cé
thé giup tang lwc day, gidm d6 6n va nang cao hiéu suét clia quat day dién co6
éng hwéng dong. Cac thong sb vé chiéu dai day cung, ty sb do day, dwong
vdng cla bién dang |4 canh va géc dat canh duoc thay dbéi va ddi chiéu voi
thwe nghiém clia VasyFan trén quat day dién duwong kinh 570mm. Céc cai tién
vé la canh tinh da cho thay lwc ddy tang thém 6.09%.

T khéa: Phuong tién bay cat ha canh thang ding, Quat day dién cé 6ng
hwéng dong, La canh tinh, M6 phéng s6, Luc day.

1. Gi&i thiéu

“Ducted fan” hay khai niém canh quat cé éng
bao, lan d4u tién dwoc Luongo va cac cong sw [1]
kiém tra bang thyc nghiém vao nhirng nam 1930,

day c6 6ng hwdng dong da dwoc chirng minh cd
thé tang hiéu suét cla lwc day 1én dén thém 90%
trong hau hét cac trwong hop khi so sanh véi quat
khéng c6 dng huéng dong cé cung kich thuéce. [4-

va ngay sau d6é né da dwoc nghién clru réng rai 6]

bang cach st dung ly thuyét va cac thi nghiém tiép
theo. Trwdc nam 1962, Sacks va Burnell da trinh
bay tdng quan vé& cac nghién ctru ban dau vé UAV
[2]. Trong nhitng n&m gan day, do méi quan tam
ngay cang tang déi véi UAV /MAV (Micro Aerial
Vehicle), PAV (Personal Aerial Vehicle) va dong co
dién, nhirng nghién ctu vé quat day dién cé bng
hwéng dong da dwoc day manh va phat trién manh

me.

Quat day c6 dng huwéng dong la mét hé théng
bao gdm céc la canh dwoc Iap trén truc dat trong
mot dng dai thweng cé hinh dang tru tron [3]. Quat

Quat day dién |a mot quat tao ra lyc day 16n
st dung nang lwong dién. Vé mat cu tao, quat day
dién cé hai phan la canh quat (Fan) gidp tao ra lyc
day va mé-to dién (Electric Motor) giup quay céc
canh quat. Quat day dién cé hai dang 1a quat day
dién c6 6ng hwéng dong (Electric Ducted Fan) [7-
12] va quat day dién khdng c6 éng hwéng dong
(Electric Propeller) [13].

Trong quat day dién, cac canh gat dan
hwéng tai dau ra cé tac dung diéu chinh goc cla
trwdng dong van téc khi di ra khdi quat. Theo Bleier
[14], hinh cta canh gat dan hwéng tai dau ra khéng
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quan trong bang hinh dang ctia cac la canh rotor.
Diéu nay cé thé dwoc giadi thich do van téc cla
dong chét 16ng truwdc va sau khi di qua cac |4 canh
tinh khéng cé sw chénh léch dang k& nhw van téc
cla dong chét 16ng trwdc va sau khi di qua cac 14
canh rotor.

Trong nghién clru nay, tac gia sé khao sat
cac théng sb cla la canh tinh dé tién hanh nghién
ctu anh hwéng cla la canh tinh dén lwc day cua
quat day dién c6é édng hwéng dong, sau dé sé tién
hanh téi wu 14 canh tinh d& dwa ra mé hinh cia la
canh tinh vé&i lwc day téi wu nhéat.

V6i két qua clia nghién clru nay co thé gitp
ich cho viéc nghién clru vé 14 canh tinh trong cac
quat day dién cé dng huwéng dong, sau nay co thé
nghién ctru vé& anh hwéng cla la canh tinh dén cac
thdng sé khac nhuw két ciu, twong tac khi déng hoc
hay do 6n clia dong co day dién.

2. B6i twong nghién clru
Bang 1. Thong s mé hinh quat ddy nghién ctru

Théng s6 Gia trj
S6 lwgng canh quay 10 canh
S6 lwong canh tinh 6 canh
Tbc d6 thiét ké 5500 rpm
Puwdng kinh quat 570 mm

150 372
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T
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Hinh 2. M4&u quat ddy VF-570 Standard hang
Vasyfan

Cac théng s6 md hinh va diéu kién van hanh
dwoc lay theo VasyFan VF-570 (Bang 1) [15]. Hinh
1 va 2 mo ta kich thwéc chi tiét va mau quat “VF-
570 Standard” ctia hang Vasyfan.
3. M6 phéng sé

Phwong phap mé phdng sé cho dong khi
trong cac loai may canh trong may nén doc truc da
duwoc TS. Binh Cong Trwdng va cac cdng sy [16-
26] nghién ctru rat chi tiét va cu thé. Tl nhirng
nghién ctru nay, tac gia da wng dung dé thiét lap
cac moé hinh mé phdng, thiét 1ap mién tinh toan mé
phdng tbi wu ciing nhw cac phwong phap chia luéi
va thiét 1ap diéu kién bién trong nghién ctru cla
minh.
3.1. Thiét 1ap mé hinh mé phéng

M6 hinh mé phdng cla nghién ctru dwoc
thiét k& st dung DesignModeler trong phan mém
ANSYS 19.1 [27]. Quat day dién c6 6ng huéng
dong duorc thiét k& véi 10 canh rotor, 6 14 canh
stator va 6ng hwéng dong.

Hinh 3. M6 hinh hinh hoc cia quat déy

Mién tinh toan cla quat day dién c6 dng
hwéng dong duoc thiét 1ap 1a boi sé cla thong sb
dweérng kinh quat D=570mmm, cac théng sb nay da
dwoc nghién clru va chirng minh 1a téi wu dbi véi
bai toan mé phdng dong chay khi déng hoc cua cac
loai may hwdng truc néi chung [18]. Kich thwéc
mién tinh toan dworc thiét lap sao cho khi mé phéng
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céac diéu kién bién ctia cac mién bao nay khéng anh
hwéng dén khdi khi bao quanh quat déng thdi kich
thwdc khédng nén qua Ién lam anh hudng dén thoi
gian va tai nguyén khi mé phéng. Kich thwéc mién
bao va phan chia cac mién dwoc dwa ra & Hinh 4.

Inlet

3.5D

3.5D

35D

Outlet
Mién diu
“~ vao tinh

Bé mdt trén
Bé mit két ndi ‘1 Mién canh
gilra mien tinh quay

va mién quay
——— Mién canh
| tinh

Bé mat dudi |

Mién ra
-—

vao tinh

Hinh 4. Mién tinh toan dwoc xay dwng trén
Design Modeler (a) Kinh thuwéc mién tinh toan, (b)
Cac mién tinh toan va bé mat két néi

3.2. Chia lwéi

Trong moét bai toan mé phdng dong chay noi
riéng va bai toan mé phdng néi chung, lwi la tham
sb rat quan trong anh huwéng truc tiép dén két qua
mé phdng. Trong nghién ctu nay, mién tinh toan
cla bai toan md phdng quat day dién cé 6ng
hwéng dong duoc tién hanh chia thanh 4 phan lién
két v&i nhau trong d6 ¢ 1 mién quay va 3 mién
tinh bao gdm: mién canh tinh, mién dau vao va
mién dau ra tinh. Do 1a bai toan mé phdng khao sat
lwc day va cac hién twong clia dong khi khi di qua
mién l& canh tinh nén can chia lwai tot hai mién 14
canh quay va la canh tinh.
toan mdé phong,

Trong bai str dung

Vi & nnk

TurboGrid® trong ANSYS 19.1 [27] dé tao Iwdi tai
mién |4 canh quay, nhw dwoc thé hién trén Hinh 5.
Trong d6, lwéi trong mién 14 canh quay va la canh
tinh dwoc tao nén tlr cac phan t& luc giac. Vung
gan céac la canh dwoc chia bang cac lwai loai O,
cac khu vuwc khac trong mién 1a canh quay va la
canh tinh dwoc chia bang cac lwdi lai C/H/J/L. Cac
thong sb vé Iwai tai cac ving 14 canh quay va la
canh tinh dwoc trinh bay nhw trong bang 2.

Hinh 5. CAu truc lwéi

Bang 2. Théng sb phan t& lwéi

Chisd Rotor Stator

S6nodes  2.276.220 4.115.088

Sé phantlr 2.009.040 3.870.240

Lwéi cha vé dong co va mién bao tinh toan
dwoc chia ciu tric bang ICEM-CFD duorc tich hop
trong ANSYS 19.1 [27]. Sb lwong phan t& lu6i &
trwdng hop tham chiéu cla khe ranh 1a 2.303.394
phan t& v&i chat lwong lwdi cao hon 0.8, dwoc
danh gia 1a lwéi tot [18].
3.3. Diéu kién bién
Chét 16ng lam viéc duoc coi la khdng khi ly

twdng. V&i tredng hop mdé phong tinh toan quat
day dang & ché do tinh. Khong xét dén van tc va
anh hwéng dong khi bén ngoai dong co: Mot ap
suét tinh trung binh dwoc dat & ranh gidi dau ra
cla rotor @& md phoéng trang thai &n dinh. Ap suét
dau ra dwoc dat & ap suét tinh trung binh 14 0 Pa.
Cuwong do rbi 5% dwoc dat tai Iop bién dau vao
rotor. Cac diéu kién twéng min va doan nhiét da
dwoc str dung tai cac bé mat ca la canh, vé trong
va vé ngoai. Cac diéu kién chu ky dwoc siv dung &
cac ranh gi¢i mét tiép giap hai bén clia mién tinh
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toan. Phwong phap mat tiép giao lwéi chung (GGI)
da dwoc str dung dé két ndi gitra mién rotor, stator
v&i vé dong co. Phuwong phap rotor frozen str dung
cac goc dod xac dinh la 360° dwoc ap dung tai mat
tiép giao gitra cac mat tiép giao. Mé hinh rdi hai
phwong trinh k-¢ str dung v&i cac gia tri y+ cua cac
phan tlr dau tién gan cac twdng trong pham vi tiy
20 dén 100. Cac thong sé vé diéu kién bién da
dwoc chirng minh 14 t6i wu trong cac nghién ciru
tr trwdc d6 cha nhom nghién ciru Binh Coéng
Trwdng [18].
4. Két qua va thao luan
4.1. Khao sat sw anh hwéng cua lwéi

Anh hwéng clia s lwong phan t&r lwdi dén
lwc ddy cla quat day dién cé 6ng hwéng dong
dwoc thé hién thong qua dé thj trén Hinh 6. Két qua
thong qua khao sat cho that véi cac luwdi co sb
lwong lwdi tir 7 triéu lwdi tré 1én, sb lwong phan tir
trong lwdi khong con anh hwéng nhiéu dén lwc day
cla quat day dién khi so sanh véi cac luéi cé sb
lwong phan t& lwéi nhd hon 7 triéu. Sai sb vé luc
day cta quat day dién chi thay dbéi 0,48% dbi voi
céac lwdi co sb lwong phan ti I6n hon 7 triéu lwoi.
Do d6 dé dam b&o dd chinh xac cling nhw van gitr
duoc sb lwong lwdi khdng qua Ién nham tiét kiém
tai nguyén va thoi gian tinh toan, lwéi véi sé lvong
phan tr 1a 8 triéu lwdi dwoc lwa chon dé tién hanh
mo phoéng.

1250

1240 Ludi duge chon

Lue déy [N]

4 5 6 8 9 10 11
Nt rdi (x 109)

Hinh 6. D6 thi danh gia chat lwong lwdi
4.2. Kiém nghiém két qua v&i thwe nghiém

M6 hinh quat “VF-570 Standard” dwoc tién
hanh md phéng bang phwong phap st dung mé
hinh réi k-€. Sau khi khdo sat sy anh huwéng cla
chét lwong lwdi dén théng sbé luc day cla quat day

Vi & nnk

dién c6 dng hwéng dong, lwéi véi sb lwong phan
ter 1a 8 triéu lwdi da dwoc lwa chon dé tién hanh mod
phoéng.

Két qua tlr mé phéng duoc so sanh véi két
qué tr thwe nghiém, thé hién trong Bang 3. Két qua
so sanh cho thay dbéi voi hiéu suét cla quat day
dién, sai sb chi 1a 0.625%, dbi v&i thong sb khao
sat chinh |a lwc day, sai sb 1a 10.1% va théng sb
mé-men quay cla quat cho sai s6 I&n nhat: 15%.
Két qua sai s6 nay cé thé dwoc gidi thich tir sw
thiéu chinh xac trong mé phéng khe hé gira dau
l& canh va vé clia 6ng hwéng dong va bd qua cac
goc lwon tai vang chan cla cac la canh. Tuy nhién
v&i cac gia tri sai s6 nay ta cé thé chap nhan, sau
dé dung phan mém mé phéng ANSYS CFX 19.1
[27] dé tién hanh khao sat anh huéng tir cac thong
sb clia la canh tinh dén lwc day cla quat day dién
c6 6ng huéng dong.

Bang 3. So sanh ddi chiéu két qua mé phdng véi

thye nghiém
< Thor Thwc Sai

Tham so6 . cn A

nguyén nghiém léch
Lwc day [N] 1396 12452 10.1%
Coéng suat  [kW] 55 5086 7.2%
Hiéu suét [%] 80 79.5 0.625%
M&-men [Nm] 1234 103.843 15%

a) Hién t

wong xody & gbc canh

Wb 7 e A== o

Ce T
b) Hién twong tach dong trén bé mat canh
Hinh 7. Hién twong cdia dong chay & quat nguyén
mau

s
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Hinh 7 mo ta hién twong xody trén bé mat
lwng cua la canh tinh, hién twgng nay sé lam giam
lwc day cla quat day. Do d6, nghién ctu nay chi
tap chung vao thay ddi khodng cach gitra la canh
tinh va 14 canh dong, géc dat canh va chiéu dai day
cung cua la canh tinh 1én lwc ddy cla quat day dién
c6 6ng hwdng dong.

4.3. Panh gia anh hwéng cua la canh tinh
4.3.1. Khao sat khoang cach L, gitra la canh tinh
va la canh quay

k Shroud
' £

Stator
= blade /Hub stator

Ry=275mm

) ] R,=80mm

Hub rotor 1;=300mm

Hinh 8. Kich thuwéc va cac thong sb L, clia quat
day dién

1255

1250

1245

1240

Gia trj tham chiéu
1235

Lue day [N]

1230

1225

1220 ¢
20 25 30 i5 40

L, (mm)
Hinh 9. Lyc day clia quat phu thudc va khoang
cach

Khoang cach L2 gilra 1a canh tinh va la canh
quay la tham sé dau tién dwoc lwa chon dé tién
hanh khao sat anh hwéng cia la canh tinh.

Lwc ddy clia quat ddy dién cé dng hwéng
dong thay déi khi thay dbi khodng cach L2 gitra 14
canh tinh va la canh quay. Luc day clia quat dat
gia tri 1245.28N twong (rng v&i gia tri khoang cach
L2=25mm, gia tri nay sé duwgc sir dung lam gia tri
tham chiéu dé tién hanh khéo sat. Khi khoang cach
L2 thay d6i tir L2=20mm dén L2=40mm théng qua
dd thi trén Hinh 9 c6 thé that tai gia tri L2=30mm,

Vi & nnk

lwc day cla quat dat gia tri 1252.34N, téng thém
0.57% khi so sanh v¢i gia tri tham chiéu.
4.3.2. Khao sat goc dat cua la canh tinh

e~

Hinh 10. Géc dat canh a cuia la canh tinh

1350

1250 | eimmmm e Gid trj tham chitu

1150

1050

Zz 950
- .
L] =50
=
g 750

650

550

450 g

-16 -11 -6 -1 4 9 14
Goe diit canh o (4§)

! 1310 |
! |
! 1305 |
I |
IE 1300 . |
I =
‘e I
1= 1205 I
! |
I 1200 |
| -14 -13 -12 -11 -10 9]

Goce dit canh o (d0)

Velocity
Contour 1

2.071e+02
* 1.864e+02
- 1.657e+02

- 1.450e+02
[ 1.242e+02
- 1.035e+02
- 8.283e+01
- 6.212e+01

4.141e+01
I 2.071e+01
0.000e+00

[m s*-1]
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Hinh 12. Hinh anh phan bé trwéng dong va van
tdc trén mat cat qua dong co tai nhivng goéc dat a
khac nhau: (a) a = 2°; (b) a = 0°; va (c) a = -10°

Tham sb goc dat cta 14 canh tinh sé& anh
hwéng dén dwéng dong chay dau ra sau khi dong
nay di qua cac la canh tinh, ddng th&i dong sau khi
di qua cac 4 canh quay sé bj xoay do dé viéc diéu
chinh géc dat tdi wu nhét cha la canh tinh sé giup
dong sau l& canh tinh hdi ty, dat hiéu suét I&n nhat.
Trong nghién clru nay, géc dat cda la canh tinh a
sé duwoc tién hanh khao sat va thay ddi theo 2 chiéu
am, dwong dwoc thé hién trong Hinh 10.

Hinh 11 thé hién mdi quan hé gitra goc dat a
cla la canh tinh dén lwc day cta quat day dién co
éng huéng dong. Béi véi trworng hop gidm géc a
tr 0 do xudng -14 do, tai goc a=-10 dd gia trj lwc
day dat gia tri Ién nhat 1304.91N tang 4.7% khi so
sanh véi goc a=0 dd. Trwong hop thay déi gia tri
géc a tang theo chiéu dwong, c6 thé dé& dang thay
rang lwc ddy cla quat diy dién gidm nhanh ti
1235.08N tai a=0 xuéng chi con 480.184N tai a=14
dé.

Hinh 12 thé hién sw thay dbi trong phan bd
trwdng dong va van tdc cla quat day dién cé 6ng
hwéng dong dbi véi 3 trwong hop khac nhau cla
goc dat 1a canh tinh a. Tai goc dat la canh tinh a=2
do (Hinh 12(a)) ta cé thé thay sw tach réi hoan toan
ctia dong chay trén bé mat la canh tinh lam gidm
lwc day clia quat day dién. Dbi voi 2 trwdng hop
con lai: a=0 dd (Hinh 12(b)) va a=-10 do (Hinh
12(c)) ta khoéng con thay sw tach roi nay.

4.3.3. Trwong hop thay dé6i do dai day cung C

V&i chiéu dai day cung ban dau Ia
C=240mm, céac théng sb cua profile dwoc gily
nguyén va bang cach quan sat cac két qua (Hinh
13) v&i sw thay dbi chiéu dai cta day cung ta thay
rang v&i chiéu dai day cung C=192mm (twong (rng
80% chiéu dai C) sé& dat dwoc lwc day I6n nhat
1261.16N tang 1.27% so voi trwdng hop nguyén
mau ban dau. Quan sat phan bd trwdng dong va
van téc trong Hinh 14, ta thy xuét hién ving van
tbc cao ngay duwédi viung bung dudi canh dbi voi
trwdng hop 60%C, day chinh la nguyén nhan lam

Vi & nnk

giam lyc day cla quat.
1280

1260

1240 .

1220

L déy [N]

1200

1180

60 65 70 75 80 85 90 95

%C

Hinh 13. D6 thi phu thudc lwc day vao day cung C

Velocity
Contour 1

2.046e+02
l 1.842e+02
1.637e+02
- 1.432e+02
- 1.228e+02
1.023e+02

- 8.185e+01
r6.139e+01

4.092e+01
l 2.046e+01
0.000e+00

[m s*1]

Hinh 14. Phan b trwéng dong va van tc trong
trwdng hop thay dbi chiéu dai day cung C: (a)
95%C; (b) 80%C; va (c) 60%C

5. Két luan

Sw anh hwéng tir cac tham sb cla la canh
tinh dén lwc day cia dong co day dién co éng
hwdng dong da dwoc nghién clru va phéan tich. Cac
tham sé khoang cach gitra la canh tinh va la canh
quay L2, géc dat Ia canh tinh a va dé dai day cung
C da dworc lwa chon dé tién hanh khao sat. Két qua
cho thdy sw anh hwéng Ién cha cac tham sé nay
dén lyc day cla quat day dién.

Trong twong lai, nh& vao két qua cia nghién
clru nay, ta c6 thé tién hanh tdi wu cac tham sb
gilip xay dwng mé hinh 14 canh tinh téi wu. Bdng
thdi cé thé nghién clru thém anh hwéng cla la
canh tinh dén két cau, twong tac khi dong lwc hoc
va do 6n cla dong co day dién sé dwoc phan tich,
ddng thoi téi wu hda cac tham sé con lai cla stator
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va cac bd phan khac ctia dong co dién.
L&i cam on
Nghién clru nay dworc tai tro béi Bo Giao duc
va Dao tao trong dé tai ma sé B2023-BKA-11.
(This research is funded by the Ministry of

Education and Training (MoET) under Project No.

B2023-BKA-11).
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