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AERODYNAMIC CHARACTERISTICS BY CFD
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TOM TAT

Tinh todn, lira chon hinh dang canh may bay la khdu rdt quan trong trong qud trinh thiét ké
ché tao may bay. Péi véi cac may bay bay véi toc do thap (dudi 0.4M) doi hoi canh mdy bay dé ché
tao va cé déc tinh khi dong t6t ma khong can tinh toan hodc thir nghiém. Trong bai bao nay, cac tac
gia tinh todan va so sanh két qua cho cdc loai canh cé cing ty sé dang AR, cung dién tich S nhitng

hinh chiéu phdang c6 cdc dang khéc nhau, tir dé diea ra cde nhdn xét bé ich cho qud trinh chon canbh.
T khoa: Canh khi dong; Luc nang; Luc can; Khi dong luc hoc: CFD.

ABSTRACT

Calculations and the choice of wing shape is very important in the process of the aircraft’s
design. For aircraft flying at low speed (below 0.4 M) requires the wings just easy to build and
has good aerodynamic characteristics but no need to calculate or test. In this paper, the authors
calculate and compare the results for different kinds of wings has the same profil Clarky YH, the
same ratio of the form AR and surface, but the flat projection area are different. The results of this

study are the important basically data to give the review helpful to the process of wing s design.
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1. PAT VAN PE

Khi thiét ké méy bay, viéc tinh toan va
lwra chon canh la rat quan trong. Canh can c6 dic
tinh khi dong hoc tdt, nghia 1a c6 hé s6 luc nang
cao va hé sb luc can thip ¢ ché do bay tinh toan
(hé sb chit lwvong bay tdi wu). Ngoai ra, cong
nghé ché tao phai don gian dé gia thanh san
xudt thép. V&1 muc tiéu do, ta tinh toan cho cac
canh c6 dang mat cit 1a profil Clarky YH- Loai
profil cé mit dudi 1a phing, mit trén vong, dé
sdn xudt va hop cho cdc may bay co van tdc
thap.

Khi canh ¢6 sai canh dai vé han B = w0
d6i voi tim phéng, d6 doc cua duong hé s luc
nang 1a 2x3.14 = 6.28 rad". (goc tan dugc do
bing radian). Con khi profil c6 do day, c6 thé
dung cong thirc thuc nghiém dé tinh do déc:

a=>5.65x(1+0.8h)

Trong do: h 1a do cong tuong déi 17,

[4].

Phan 16n cac profil cAnh méy bay dudi
am (M < 0.4), gia tri nay chon khoang 0.14.
Nhu véy, suy ra do déc cua duong hé sé luc
nang a = 6.3, gia tri ndy s& giam dan khi hé
s6 bién dang giam (anh hudng cua hinh dang
canh 3D). Khi sai canh hitu han dong nghia s&
¢6 hiéu tng 3D, xudt hién cac xody & dau mut
canh din dén 1am tiéu hao nang lwong va xuit
hién luc can cam ung.

Trong bai b4o nay, thuc hién viéc khao
sat cac dic tinh khi dong cua canh Clarky YH
3D vai ndm hinh dang khac nhau do la:

- Canh hinh ch@r nhat;
- C4anh hinh thang;
- Canh hinh elip;
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- Canh hinh tam giéc - delta;
- Céanh hinh thang c6 winglet.

Tét ca cac mo hinh ¢6 cung ty sé dang
la AR=8, dién tich canh S=8 m?. Cac dac tinh
khi dong quan trong can xét 1a hé so luc ning
va hé sb luc can.

2. LUA CHON MO HINH TiNH TOAN

St dung phin mém Ansys- Fluent dé
xac dinh céc ddc tinh khi dong cta canh trong
dg‘mg chay bao thuec. Fluent hd tro cac mé hinh
roi sau: Mo hinh Splart-Allmaras; Md hinh k
- & MO hinh k - @; M6 hinh tig suit Renold
(RSM); M6 hinh xody 16n (LES).

Tuy nhién, khong thé 4p dung mot md
hinh rdi cho tit ca cac bai toan, mdi mo hinh rdi
chi cho két qua ding trong mot sb truong hop
nhét dinh. Didu d6 doi hoi ta phai nim rd ban
chét ciing nhu treong hop ap dung cua chung
dé dua ra nhirng lya chon hop 1y cho timg bai
toan.

Bai toan khao sat ¢ ddy c6 dong chay
van tdc nho, tuong d6i 6n dinh, khong co bién
d6i 16n, bé mat sat thanh phing khéng ¢6 su
thay doi 4p suat hay vén toc nhiéu. Do vy, ta
s& chon mo hinh rdi k-¢.

Ngoai 2 phuong trinh co ban 1a phuong
trinh lién tuc va phuong trinh dong luong.
Trong md hinh k-g, cac phuong trinh bd sung
duoc xdy dung nhu sau:

[T

Theo gia thiét vé do nhot roi cua
Boussinesq, ta co:

=T @ui G'uj 9 " @ui "
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Phuong trinh trén thé hién mdi quan hé

' L L eq e A -
giira irmg suat Reynolds — puiuj vO1 bién thién

van toc trung binh. D& giai phuong trinh nay,
nguoi ta khép kin né véi cac phuong trinh co
lién quan t&i k (nang lwong rdi dong hoc) va hé
s6 ton thét & nhu sau:

k|
(Fi ut]; J*GL* p—PE- Y, 5 (2)
J

ot 6xi 6.*;)-\ O

olpe) o) _a [f m)c P

oo | M e e 5 3)
Trong do:

G - Héng s6 thé hién su phu thudc cua
su hinh thanh nang luong roi dong hoc (k) vao
su bién thién cta van toc trung binh:

&5
Gk :—p.uiuja (4)
1
G, xac dinh nhu sau:
Bt oT
b ﬁ*‘l

By, o, (5)

P - Hing s Prant]. ,

g, - Thanh phan gia toc trong truong
theo phuong i.

B-Hésb gian n¢ nhiét cia moi trudng.

Y,, - Hé s6 thé hién sy bién thién cta
qud trinh glan na so voi gia tri trung binh:

Yy = 2peM? (6)
M Sé Mach cua rbi: M = fﬁ VOl
a- Van toc am thanh. t a’
k2
i, - Hé sb nhét rbi: i tPCu— (7)

- Céc hé s6 con lai 1a céc hang sb, c6 gia
tri méc dinh nhu sau:
Cla =1.44; Gy =1.92; C_u =0.09; Ok =1.0; o, =123

Két hop cac phuong trinh trén, vai hai
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phuong trinh co ban 1a phuong trinh lién tuc
va phuong trinh dong luong, ta sé¢ duogc mot
hé phtrong trmh khép kin du dé giai ra truong
phan b6 vén tde.

M0 hinh k - £ 1a mé hinh don gian c6 thé
ap dung voi hau hét cac bai toan thong thuong
v6i d9 chinh xéc kha tSt. Tuy nhién, trong céc
truong hop dac biét, khi tinh chat dong bi thay
d6i manh nhu xuit hién séng va, trong buong

chay... viéc ap dung mé hinh nay cho két qua
khéng tét.

3. TINH TOAN PAC TiNH KHi PONG
CAC DANG HINH CANH KHAC NHAU

Xdy dung md hinh may bay trén
SolidWord va dua vao Ansys Fluent dé tinh.
Dé c6 thé de dang so sanh chat lucmg khi dong,
cac thong sd, mién phan bd van tdc, ap sudt, ta

dét cac trudng hop mo phong ¢6 cung diéu kién
bién nhu sau:

Bang 1. Diéu kién bién chung:
Bién vatli | Ap sudt (Pa) | Van tbe (mis)
= 2

J =

| _]!’]??f B ! _roGradu.m‘ ]O
_ ____”Ou_lety__ | 0 Zem Gradlent
’ __"l_"_LEc'mg_ | Zcr_o(}t'adif;m_ L 0

Goc tin . 7

P24 I

Hinh 1. M6 hinh canh may bay va chia lieéi mién
tinh toan.

Trong moi tmorng hop, ta chia tinh dan
khu vuc 14n can bé mit canh. Dé kiém tra Sur
doc 1ap cua két qua vao Iui tinh toan cua bai
toan mo phong, ta thuc hién so sanh cac két qua
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hé s6 chét luong khi dong trong hai truong hop
voi s0 diém ludi khac nhau:

SH phan tir ludi: 553999

C, =0.248
C,=0.019173
CL
—=12.952
c 9526
Sé phan tir ludi: 854567
C,=0.24989
C,=0.019305
CL
c =12.9443

Hinh 2. So sanh chat heong khi dong véi so hrong
lwdi khac nhau.

Nhan xét két qua thu duge trong hai
truong hop khong chénh léch dang ké nhung véi
s6 ludi it hon ta cé thé tiét kiém duoc tai nguyén
va thoi gian tinh toan. Ngoai ra, kich thudc canh
la kha nhé so vai toan bd mién tinh todn, do do
cac canh c6 hinh dang khac nhau sé dugc su
dung chung mot cach chia ludi 1a cach thir 2.

Hinh dudi 1a két qua so sanh giit tinh
toan trong Ansys Fluent va két qua trong cac
tai liéu ky thudt cua Profil canh Clarky YH. Két
qua tinh cho s6 Re = 107

- =
e =
&= =
L - U=
o %2 g ke ol
# ' '
P /
& o /
4'/ _“,/‘
- _____/

Hinh 3. So sanh gitta két qua tinh trong
Ansys-Fluent va tai lieu KT(4).
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Co6 su khac biét khi tinh hé s6 luc nang
CL va luc can CD . Tuy nhién, sai s6 1a rat nho
khoang 0.5% c6 thé chap nhan. Ta sé ding mé
hinh ri nay dé tinh toan cho cac loai canh khac
nhau.

Dudi day 1a két qua tinh cho canh co
cac hinh dang khéac nhau:

Hinh 4. Két qua tinh cho canh hinh chit nhét cho
goc tan 4 dg.

.';;TL
Hinh 5. Két qua tinh cffo canh hinh thang cho goc
tan 4 do.

Tt |
it

s

L. i '«}

Hinh 6. Két qua tinh cho canh hinh Ellip cho géc
tan 4 do. w
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Hinh 7. Két qué tinh cho canh hinh tam gidac cho
goc tan 4 do/10 do.

Hinh 8. Két qud tinh cho cdnh hinh tam gic c6
Winglet cho goc tan 4 dé/10 dp.

Tuong tu tinh cho cic géc thn khac
nhau tir 0° + 10° va so sanh véi cac gia tri khi
dong hoc cua profil 2D Clacky YH (Pay duoc
coi Ia gia trj tham chiéu dé so sanh). Duéi day
1a cac két qua nhan duoc:

Hi§ ol Ipx ndng

Gée thn (d&)

Hinh 9. So sanh hé s6 C , ciia canh 6 hinh
dangkhdc nhau.
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He 56 uge ndns

C
2 w2 W

Goe tin (do)

Hinh 10. So sianh hé s6 C, ciia canh c6 hinh dang
khac nhau.

Ta nhan thay, cac dudng cong c6 chiéu
huéng bién thién nhu nhau trir canh co Winglet.

WE & w1 g By
ED)
——n fig b
—— )
-t: i e
1 - - - - -

I/ g g

& ar?

G 1o [0

Hinh 11. So sanh hé s6 chdt liwong bay C Cetla
canh c6 hinh dang khac nhau

4. NHAN XET KET QUA VA KET LUAN

Céc dudng cong c6 chiéu huéng bién
thién nhu nhau trir canh c6 Winglet.

Canh hinh chir nhat ¢6 hé sé hye can 1én
nhat, trong khi d6 canh hinh ellip 6 hé 6 Iyc
can xap xi lyc can cua profil tham chidu ving

7

goc tan 16n hon 6 do.

Ving géc thn nho dudi 6 do Iye can cia
canh co V\{inglet 1a nho nhat sau 6 do gia tri nay
tang lén rat nhanh.
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O nhiing goc tan 1én hon 6 dg, canh
hinh ellip cho hé s6 luc can nho hon cénh hinh
thang, tam giac va canh c6 Winglet.

Trong cac truong hop goc tan nho hon
8 dg, canh hinh thang cho hé s6 luc nang la lon
nhét. Trong khi d6, canh hinh tam giac lai cho
luc ning nho nhat.

Trong céc trueong hgp canh c6 Winglet
cho hé sb chit luong bay tét nhat, sau do 1a
canh hinh thang va canh hinh ellip.

Cac két qua trén dong vai tro dinh
hudng cho qua trinh tinh va chon canh cac thiét
bi bay. <
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