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NGHIEN CUU DAC TINH KHi DONG
CUA MAU MAY BAY KHONG NGUO1 LAI

DYNAMICS CHARACTERIZATION STUDY OF UNMANNED AERIAL VEHICLE (UAV) CONFIGURATION
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TOM TAT

Bai bao khao sat vé dac diém khi dong cho md hinh méy bay khdng nqudi
[3i (UAV) ¢G nhd. Cu thé, su dnh hudng cta g6c tan téi dén luc can, luc nang
khi dong dugc tap trung nghién ciu; cac trudng dong chdy, ap sudt, ma sét
xung quanh mé hinh dugc dugc trinh bay mdt cach chi tiét va cu thé trong bai
bdo. Cac két qua nghién cGu cho thy luc ndng c6 xu huéng tang dan theo gdc
tan trong dai tir 0 dén 15°. Tuy nhién, c6 xudt hién cc ving tach dong cuc bo
tir gdc tan 50 trg 1én tai goc canh - nai két ndi gilia than va canh may bay. Két
qué ctia nghién ctu nay c6 thé ting dung dé thir nghiém, ché tao thuc nghiém
cdcloai UAV ¢6 kich thudc tuong duang.

Tirkhéa: Gac tdn, khi dong luc, hé sd lic ndng va cdn khi dng, UAV.

ABSTRACT

Research article on aerodynamic characteristics of small unmanned aerial
vehicle (UAV) model. The change in angle of attack leads to aerodynamic drag
and lift; velocity, pressure, and skin friction around the model change, those
parameters are clearly presented in the paper. Research results show that lift
force tends to increase gradually with angle of attack in the range from 0 to
15°. However, local flow separation areas appear from angle of attack 5° or
more at the wing root - where the connection between fuselage and wings.
The results of this study can be applied to test and experimentally
manufacture UAVs with similar profiles.

Keywords: Angle of attack, aerodynamic, lift and drag coefficient, UAV.
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1. GIGI THIEU

Mdy bay khong ngudai 1ai (UAV) la mot loai mdy bay
dugc diéu khién tir xa hodc tu diéu khién c6 thé mang
theo camera, cdm bién, thiét bi truyén théng hoac cac
hang héa khac. Tat ca cac hoat dong bay déu dugc thuc
hién ma khéng can cé phi cdng trén may bay. Ching thuc
hién cac nhiém vu ma khong gay rui ro cho con ngudi va
hiéu qua chi phi thap hon so véi cac hé théng cé ngudi lai
tuong tu. VGi su phat trién clia khoa hoc céng nghé, UAV
dugc nghién ctiu, ché tao va st dung réng rai hién nay [1-
3]. Cac yéu té chinh trén mot thiét ké UAV phu thudc vao
muc tiéu, yéu cau va nhiém vu khac nhau bao gom: chi
phi san xuéat, hiéu suat bay, trong lugng bay, kich thudc,
ngoai hinh, kha nang san xuat, kha nang bao tri, kha nang
tai ché, tinh co dong,...

Tuy dugc phat trién manh mé trong giai doan gan day,
cac tham sé khi dong dac trung cla UAV riéng biét
thuong khong dugc cong bo. Day chinh la trd ngai 1én
nhat cho nhiing nha thiét k&, san xuat UAV hién nay. Do
vay, viéc phat trién cac dit liéu, nghién ctru hiéu sau hon
vé cau tric dong chay, cac dac tinh dong cia UAV c6 vai
tro quan trong, gilip cung cap ngan hang dir liéu du Ién
phuc vu cho qua trinh ché tao sau nay. Trong cac UAV
thudng dugc st dung, Heron UAV dugc phat trién bai
Israel cho thay nhiéu uu diém . Day la UAV c¢& nho, mang
hé théng cdm bién phuc vu trinh sat ti xa. Mac du dugc
Ung dung trong quan su cta nhiéu nudc, cac tham so khi
doéng ddc trung ctia UAV nay chua dugc cong bo.

M6 phéng s6 trong CFD la mét phuong phap rat manh
dugc st dung va Ung dung rdng rai trong cac linh vuc
c6ng nghiép dac biét [a hang khéng v tru do chi phi dé
mo phong thuc nghiém linh vuc nay rat cao. Phuong
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phap trung binh theo Reynolds (Reynolds-Averaged
Navier-Stokes - RANS) la mot phuang phap s6 hoa trong
[inh vuc dong luc hoc chat ldng va chat khi dugc da s6 cac
nha nghién cdu tin tudng va s dung. Trong nghién ciu
cla Tran Thé Hung va céng su da cho thay RANS c6 kha
nang phan tich kha tét vé gia tri luc can, phéan bé ap suat
trén bé mat mé hinh va truong dong chay quanh mé hinh
dang déi xtng [4, 5]. Dong thdi, RANS cho phép mé ta
hién tugng dong trung binh tai mdi dau dan dong trén
am [6]. Lé Pinh Anh va céng su st dung RANS trong
nghién ctiu dong xam thuc [7, 8]. Cac nghién ctiu trén cho
thay, khi dugc hiéu chinh phu hgp, cac két qua ctia RANS
c6 thé du doan dugc xu thé luc khi déng va dong chay
quanh moé hinh [9].

Nghién ctiu nay dugc cong bé véi muc dich phan tich
sau vao cac khia canh ctia khi d&ng moé hinh UAV Heron,
mot mé hinh duge st dung rong réi hién nay. Bang sur
dung phuang phép thé tich hitu han, dong chay trén va
quanh mé hinh, phan bé ap suat ciing dugc dua ra. T do,
nghién ctru dua ra mot sé két luan, khuyén cdo, nham
phuc vu cho viéc ché tao va cai tién thiét bi bay khéng
ngudi lai tuong tu.

2. MO HINH MO PHONG VA PIEU KIEN TiNH TOAN
2.1. M6 hinh nghién ctiu

Cac tham s6 hinh hoc clia may bay khong ngudi lai
(UAV) dugc mo ta trén Hinh 1. Bay la dang UAV ¢6 nho,
canh c6 d6 gian dai I6n, hai than. Do khéng cé dit liéu vé
bién dang canh, nén bai bao s& dung canh cé bién dang
ki€u NACA 0012 cho c3 canh nang va canh én dinh. Dac
trung vé hinh hoc ctia UAV dugc chi ra trén hinh 1. M6
hinh hinh hoc gan giéng véi UAV nguyén ban, dugc dua
xay dung va dua vao cac phan mém tinh toan khi déng
chuyén dung. Trong nghién ctu hién tai, phan mém
Ansys Fluent 2023R1 dugc s dung.

B g

a) Thong s6 2D mé hinh
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b) Mé hinh 3D thiét ké

Hinh 1. Thdng so thiét ké ctia mé hinh nghién ciiu

2.2. Diéu kién bién va lugi tinh toan

Nham phuc vu cho tinh toan khi dong, quanh mé hinh
dugc chia vung tinh todn. Vung nay la mét hinh hop chir
nhat, cé khéng gian chiéu dai, rong va cao da Ién dé mo
ta dugc day da cac hién tugng dong chay trén mo hinh.
DPau vao dugc chon la van téc Inlet véi V = 20m/s. SO
Reynolds tucng ung la 3,3.10°. Pau ra la &p suat ra. Cac
mat con lai va trén mo hinh dugc chon la tudng. Goc tan
dugc thay déi tir 0 - 15°, do mdy bay hoat dong trong
vlung van téc nho va tranh hién tugng that toc. Cac két
quad tinh toan truéc day cho canh NACA 0012 cling cho
thay vung that toc chua xuat hién & dai van téc nay .

Wall

Inlet Outlet
— P = —

Ve, =20m/s

Wall

Hinh 2. Ving tinh toén

Ludi dang poly-hexcore dugc st dung cho tinh toan.
LuGi c6 cau trdc hén hgp, trong dé ving sat mé hinh ¢cé
dang phi cau truc, giup bam sat bé mat mé hinh. Béng
thdi, viing xa mé hinh dugc chia thanh dang cau truc.
Diéu nay gitip giam kich thudc ludi va thai gian tinh toan,
nhung van dam bao chinh xac dugc két qua mo phéng.
Ngoai ra, dé€ mé ta chinh xac I6p bién quanh vat, 10 16p
luéi véi kich thudc nhoé dugc xdy dung sat mo hinh. Lép
lugi dau tién co kich thudc 10*m. VGi diéu kién tinh toan
cua bai, gia tri y* cuc dai bang 5. Két qua do Orthogonal
quality cho gia ti bang 0,5, cho thay chat lugng ludi tét,
du diéu kién dé chay moé phéng. Dac tinh lugi trén bé mat
mo hinh va viing bao quanh mé hinh ¢6 thé quan sét cu
thé trén hinh 3.
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a) LuGi trén bé mdt UAV

b) Lui xung quanh md hinh UAV
Hinh 3. Lu6i tinh toan thiét |dp cho mé hinh

2.3. Mé hinh tinh va diéu kién bién

M6 hinh trung binh Reynolds-averaged Navier-Stokes
(RANS) dugc st dung trong nghién ctu nay. Trong mo
hinh nay, phuong trinh Navier-Stokes dugc trung binh
theo thai gian. Cac thanh phan thay d6i nhu dong nang
chay ro6i, ing xuat Reynolds dugc mé ta thanh cac ham.
Diéu nay c6 nghia la mo hinh nay chi tap trung vao cac
dac tinh dung clia dong chdy va bod qua cac dao déng
theo thai gian. Tuy nhién, véi cac cai tién hién tai va cac
mo hinh I6p bién dugc dé xuat phu hop, RANS cho két
qua tuong d6i chinh xac véi dong trung binh, va dugc tap
trung st dung bdi mot s6 tac gia trong thoi gian gan day.
Hé phuong trinh Navier-Stokes sau khi da dugc trung
binh theo Reynolds dugc biéu dién dugi day [10]:
§+axii(pui)=0
o, 0 Oy 04 08 "o M

+U—(—+—)+

2 ou)+-2(ouu) =
' S u8xj ox; ox; X

ot o
Trong d6 i, j=1, 2, 3 la ba hudng; ui tuong Ung la van
téc trung binh theo ba phuong; p 1a dp suat chat luu, con
p tuong Ung la mat dé khong khi. Can cha y rang, do xét
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& diéu kién van téc thap, nén phuong trinh nang lugng
dugc bé qua trong nghién cuu.

M6 hinh k-w SST dugc st dung trong tinh toan nay
nham tinh t&i cac dac trung cta dong réi. M6 hinh nay
dugc dé xuat bai Wilcox va déng nghiép [11] nham tinh
toan hai tham s6 la d6ng nang chay r6i k va dé tiéu tan
ning luong w. G day, hai phuong trinh dugc bé sung.
Khac véi cac mé hinh khac, mo hinh k-w SST két hgp gitia
mo hinh réi k- cho dong xa mé hinh va mé hinh k-w cho
dong sat I6p bién. Diéu nay giip gidm dang ké tai nguyén
clia may tinh va thai gian tinh toan. Hai phuong trinh dac
trung cho k va w dugc biéu dién nhu sau [10]:

o(pk) oleuk) o, o @ ok

T o, P+p pwk +a—le(u +0H, )67} (2)

J

o(pw) Apuw) y o, 8 aw
A A _Ypo il =
St s+ (o)

pomz i@
w X X,

3)

+2(1-F)

Vi v, la hé s6 nhét dong hoc:
ak

V=——————
max(a,w;QF,)

t

Thuat toan SIMPLE cho dong khéng nén, dudi am
dugc ap dung. Pao ham clia van t6¢, ap suat va cac tham
s0 khac dugc lua chon dang bac 2. Hinh 2 trinh bay so d6
vlng tinh toan. Bang 1 trinh bay cac diéu kién bién cua
dong khi va qua trinh tinh toan.

Bang 1. Diéu kién tinh toan

Ma hinh dong rdi k-w SST
Bién tuding bao quanh mé hinh Khdng trugt (no slip)
So d6 thuat giai SIMPLE
Vi phén cac thanh phan Second Order Upwind
D0 chdy réi dau vao 10%
Van tdc dong khi vao V= 20m/s,Re =33.10°
56 Reynolds 33.10°
3. KET QUA VA THAO LUAN

3.1. Két qua luc khi dong

Két qua cla hé s6 luc can va luc nang thay déi theo
go6c tan dugc thé hién trén hinh 4. C6 thé thay rang, khi
gdc tan tang, ca hai luc nay déu cé xu hudng tang. Déng
thai su thay d8i luc nang khong tuyén tinh theo géc tan.
Diéu nay c6 thé gidi thich 1a do s Reynolds thap
Re = 3,3.10° nén c¢6 su thay d6i clia dong khi qua canh
nang clia may bay. Dong thai, két qua cho thay chua xay
ra hién tugng that téc trong dai bay véi goc tan 0° - 15°.
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— = e 56 Iyc can xo0dy phia sau than véi vung van téc thap dugc ghi nhan.
C4u trac nay ¢ xu hudng dich chuyén xuéng dudi khi
tang goc tan.
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b) Luc ndng
Hinh 4. Su thay doi luc can va luc néng theo géc tan
3.2. Dong chay xung quanh mé hinh
Cénh chinh 1a b6 phan tao ra luc ndng clia may bay va
d.é“ hié’u ré hdn vé‘ déc tl/nh dbng Chéy ija Cénh Chl’nh, X Component Wall Shear -10 -5 0 3 (8} 15 20 25 10 33

phan b6 trudng ma sat va dudng dong tao béi trudng ma
sat trén than duoc biéu thi tai hinh 5. Cac két qua chira
rang tai géc tan bang 5°, trén canh nang da hinh thanh
cac vung tach dong cuc bo. Vung tach dong cuc bé nay
hinh thanh dau tién & géc canh va viing ti€p xuc gitia than
va canh. Ngoai do anh hudng clia dong tdi, su giao thoa
gita than va canh clng la nguyén nhan dan téi su thay
déi dong chay trén canh va than. Tai gdc tan 16n, ving
x0dy trd nén ré rét hon cling véi su thay déi cau tric dong
trén than. Tai mép ngoai clia cdnh, dong chdy c6 su thay
déi dang ké & goc tan I16n. Tuy nhién, tai goc tan nhd, thiét
ké canh kha tét trong viéc giam xody mép ngoai ctia canh.

Hinh 6 trinh bay dong chay va van téc theo phuong X
trén bé mat cat ngang ctia moé hinh. Quan sat dugc rang,
cac trudng dong kha tuong dong nhau va khéng cé hién
tugng tach dong trén than khi goc tan thay déi. Cau truc 010°

X Component Wall Shear -10 -5 o 3 Lo &3 20 25 30 a5 40
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X Companent Wall Shear -10 -5 o 35 10 15 20 25 30 35 40 45

d) 15°

Hinh 5. Ma sat bé mat tai cac gid tri khac nhau clia goc tan
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d)15°
Hinh 6. Trutng vén toc va dudng dong chdy trén mét ddi xding cta may bay

3.3. Ap suat anh huéng béi géc tan
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can han ché bay & goc tan qua I6n. V6i mé hinh trén, UAV
hoat dong trong dai goc tan tur 0 tGi 5° la hgp ly .

Da6i véi méi gia tri clia goc tan thi gia tri phan bo cla
ap suat lai khac nhau, diéu d6 dugc thé hién tai hinh 8
bi€u dién trén mat trén cta mo hinh. Khi géc tan bang
khong, vung ap suat thap chi yéu xuat hién trén than va
vung canh nang quanh than, gitp tao ra luc nang du 1é6n
cho mé hinh. Mac du dong chay tai mép ngoai it bi &nh
huéng bdi xody mép ngoai (theo hinh anh truong ma sét),
ap sudt tang dang ké. Vai canh sau, do ap suat trén bé mat
canh 16n, nén canh chl yéu co tac dung can bang. Khi
tang goc tan, phan bé ap suat cé su thay déi dang ké. Tai
goc tan 15° ap suat tai mat trén cta canh trg nén nho va
¢6 su phan b6 khong dong déu. Dac biét, vung ap suat
thdp xuat hién ca & mép ngoai canh nang va mép trudc
canh 6n dinh. Cac vung ap suat nay cé thé sinh luc lam
anh hudng tdi ciu trdc ctia may bay.

b) 5°

Y

=

Pressure Coellicient -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

d)15°
Hinh 7. Ap suét xung quanh mé hinh UAV

Cau trdc vé cac vung ap suat thdp quanh mé hinh
trong mat phang d6i xiing cho cac trudng hgp goc tan
khac nhau dugc thé hién trén hinh 7. Két qua chi ra rang,
vung ap suat thap xuat hién tai géc tan 1én va xuat hién
chu yéu tai go trudc va gan mat trén cda canh. Viéc hinh
thanh cac vung ap suat thap véi cau tric xody khéng én
dinh anh hudng dang ké t&i do bén két cau va tinh 6n
dinh ctia mé hinh [12]. Do vay, cac khuyén cao & day la b) 5°
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Pressure Coofticient =16 =14 -1.2 -1 -8 06 a4 02 0 02 04 0.6 0.8

Dressure Coeflicient -2 -1.8 -1.6 -14 -12 -1 -08 06 -04 -02 0 02 04 06 08

d) 15°
Hinh 8. Hé s0 ap suat trén mo hinh UAV
4. KET LUAN

Phan tich khi dong mau UAV dang heron dién hinh
dugc trinh bay bang phuong phap mé sé trong nghién
cliu trén. Goc tan dugc thay déi tir 0 ti 15° nhdam khao sat
anh hudng clia n6 [én dac tinh khi dong ctia mé hinh. Cac
két qua tinh toan cho thay luc nang tang khi goc tan tang
trong dai tir 0° dén 15°. Cac cau truc dong chay trén than
va canh dugc hién thi ro rét va khac nhau tai méi goc tan
khac nhau. Xay ra tach dong trén bé mat canh chinh 6 goc
tan 15° cing vdi su hinh thanh cac viing ap suat thap tai
vung lién két than - canh va mép ngoai canh nang. Cac
két qua khuyén cao may bay nén bay & goc tan tu 0 téi 5°
dé tranh cac bat Igi sinh ra do su hinh thanh vung 4p suat
thap. Mac du mai chi diing lai 8 mé phdng s6, cac két qua
nghién ctu c6 thé diing lam co s& cho qua trinh thiét k&,
ché tao UAV sau nay. Cac nghién ctru cho mé hinh thuc
phuc vu cho viéc ché tao, thi nghiém sé dugc thuc hién
trong thai gian téi.
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