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NGHIEN ClrU MO PHONG SO VA THU'C NGHIEM DONG DELTA
O TOC bO THAP

SIMULATION AND EXPERIMALTAL RESEARCH ON LOW-SPEED DELTA FLOW

Ta Minh Trong, Hoang Thi Kim Dung
Truong Co khi, Dai hoc Bach khoa Ha Noi

TOM TAT

Cdanh Delta thuwong dwgc ding cho nhitng mdy bay c¢é van téc 1om do cé tinh linh hoat cao
nho cé goc vudt nguoc I6n va viéc hinh thanh luc ndng do xody. Nghién ciru canh Delta ¢ toc dg
thap can dwoc xdc dinh cho trieong hop cat/ha canh ciia mdy bay. Nghién ciru ndy kiém chitng ddc
tinh khi dong cua canh Delta thong qua viéc sw dung hai phwong phap doc lap voi nhau: mot la mo
phong s sir dung phan mém mé phong ANSYS va hai la thiee nghiém sir dung ong khi déng dwdi
dm. Canh Delta nghién ciru la canh dd dwoc cong bé béi Yamada va Nakamura cé géc quét ngueoc
65°, sdi canh 260 mm, ddy cung goc canh 280 mm va dg day 5 mm. Ddc tinh khi déng cia canh
Delta dwege xdc dinh ¢ ddi toc 5 m/s véi géc tan 10°. Két qud cho thdy xody hinh thanh trén canh
lam thay déi dp sudt trén canh; va hién twong bat doi xirng t nhién cia dong qua canh. Két qua
nhdn dwoc gitta cdc phwong phdp sai léch khéng qud 15% véi két qua da cong bé.

Tw khoa: Dong Delta; Xoay; Van téc thcfp; ANSYS; Ong khi dong.
ABSTRACT

Delta wings are often used for high-speed aircraft due to their high flexibility due to their
large swept-back angle and lift vortices. Low-speed Delta wing studies need to be determined for
the take-off/landing of the aircraft. This study verified the aerodynamic characteristics of Delta
wing by using two independent methods: one was simulation using ANSYS software and the other
was experiment using a subsonic wind tunnel. The Delta wing studied was researched by Yamada
and Nakamura with a 65° sweep-back angle, 260 mm wingspan, 280 mm root length chord and
5 mm thickness. The aerodynamic characteristics of the Delta wing were determined at a speed
of 5 m/s and an attack angle of 10°. The results showed the formation of vortices upon the wing
that changed the distribution of pressure on upper surface of the wing,; and the natural asymmetry
phenomenon of the Delta flow. The results obtained between diferent methods differred by no more
than 15% from the published results.

Keywords: Delta flow, Vortices, Low speed; ANSYS; Wind tunnel.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

1. GIOI THIEU

Cung v6i su phat trién khong ngimg
ctia cac thé hé may bay trén am, dac biét la cac
méy bay chién d4u, va doi hoi phai ting hi¢u
qua, hi¢u suét 1am viéc cling nhu sy linh dong
khi bay ctia may bay, cac nha khoa hoc va ki su
da sang ché va dé xuét ra cac phién ban thiét ké
ctia canh Delta. Canh Delta c6 nhitng loi thé vo
cung to 16n, va déac biét dugc str dung rat nhiéu
trong cac loai may bay trén am, canh tén lira. ..
Khi canh Delta ¢ goc tan 16n va téc do thap -
ché do cat/ha canh - mép vao cua canh giy ra
su tach dong trén bé mit canh, tir d6 hinh thanh
cac xody Vi van toc xoay 16n. Nhimng xody niy
vai trd dac biét quan trong trong vi¢c tao luc
nang cho canh may bay [1]. Vi vay, viéc tim
hiéu co ché hinh thanh, d6 16n ciing nhu vi tri
hinh thanh cua xody 1a viéc khong thé bo qua
dé giup cho viéc c6 thé sir dung va diéu khién
may bay [2-9].

Nghién ctru nay néu céc dac tinh khi
dong cua canh Delta str dung hai phuong phap:
md phong (stt dung phdn mém ANSYS) va
thuc nghiém (st dung 6ng khi dong dudi am -
Truong Pai hoc Bach khoa Ha N¢i). Cac thong
s6 nghién ctru: van tée 10 m/s twong tng voi sb
Reynolds tir 1,72*%10°, goc tdn 10°, canh Delta
(gdc quét 65°, sai canh 0,26 m, ty s dang 2,15,
do day 0,005 m).

2. PHUONG PHAP NGHIEN CUU
Dong chay qua canh dugc tinh toan dua

trén phuong trinh lién tuc va phuong trinh dong
lugng:

aa—/;+div(pl7)=0 (1)

a—V+(I7-§)V=—lgradp+vAI7+z (2)
o,
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Trong d6: p 1a khdi lugng riéng; V 1a
van tdc; plaap suét; v 1a do nhét dong hoc va
fe 1a luc khoi.

2.1. Canh Delta

Céanh Delta c6 kich thudc nhu cénh
Delta nghién ctru boi Yamada va Nakamura [9]
(Hinh 1a). Canh c6 goc quét 65°, sai canh 260
mm, ddy cung gbc canh 280 mm va do day 5
mm. Canh Delta sit dung trong thuc nghiém
dugc lam tir nhya ctiing voi do day S mm (Hinh
1b).
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a. Nghién cuu [9] b. Thuc nghiém
Hinh 1. Canh Delta

2.2. Phwong phiap mo phéng

Pé giai hé phuong trinh (1) va (2) bang
phuong phdp mé phong, ta st dung mo dun
CFD (Computational Fluid Dynamics) trong
phan mém ANSYS. Quy trinh chung ctia mot
bai toan mé phong CFD gdm cac bude sau:

- Buéc 1: Xac dinh m6 hinh va mién
tinh toan. Xéac dinh mé hinh hinh hoc va mién
tinh toan, str dung cong cu Design Modeler cua
ANSYS dé xdy dung mé hinh va mién tinh toan
(Hinh 2a).

- Budc 2: Chia luédi. Roi rac hda mién

tinh toan (Hinh 2b). Pay 1a mot budc rit quan
trong doi vo1 mot bai toan mo phong. Két qua
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cua bai toan chinh xac hay khong phu thudc
kha 16n vao chét lwong ludi. Mién tinh toan cho
canh Delta dugc ludi hoéa sir dung tng dung
ICEM trong phan mém ANSYS. Mién tinh
toan duoc chia thanh 27 mlen con (H1nh 2b)
Luéi dugc chia 13 udi co ciu trac voi tong sd
phan tur ludi 1a 146200 (Hinh 2c).

- Budc 3: Thiét 1ap diéu kién bién va
diéu kién giai. M6 hinh réi Spalart-Allmaras
dugc lya chon nghién clru trong bai bao nay.
Day 1a mot mo hinh réi kha don gian, bao gom
chi mot phuong trinh van chuyén theo d¢ nhét
dong hoc xody. M6 hinh Spalart-Allmaras dugc
thiét ké dac biét cho nhirng ung dung trong
hang khéng va vii try, bao gébm ca hiéu tng
tuong va cho chung ta mot két qua t6t vé hiéu
ung 16p bién phu thudc theo truong gradient ap
suat. Diéu kién bién ciia mé hinh tinh toan 1a
van téc dong vao 10 m/s va dong ra co ap suit
du bang khong.

- Budc 4: Giai.

- Budc 5: Hién thi va xtr 1y két qua.

b. Chia khoi

c. Chia luoi
Hinh 2. Mién tinh toan va chia luwoi

2.3. Phuwong phap thuc nghiém

Céanh Delta lam bang nhua cimg dugc
c¢d dinh trong budng thir ciia 6ng khi dong boi
b6 g4 (Hinh 1b). B6 dd ga c6 kha ning thay doi
goc tan tir -5 dén 40°, goc xoay tir 0 dén 180°,
goc liéng tir 0 dén 180°. Nhu véy, thong qua bd
g4, ta c6 thé d& dang thay d6i goc chiic ngoc,
gbc xoay hay goc liéng cua canh.

Nghién ctru thye nghiém dugc thuc hién
trong 6ng khi dong dudi am AF 6116 (M =0,1)
thudc phong thi nghiém cua nhém chuyén mon
K¥ thuat Hang khong & Vi tru, Truong Co khi,
Pai hoc Bach khoa Ha Noi. Ong khi dong co
dang hd, budng thir kin véi kich thudc budng
thir 0,4*0,5%1 m®. Van tc ctia budng thir c6 thé
1én dén 30 m/s turong tmg véi sé Reynolds tinh
theo day cung gbc canh 1a 106,

Ap suét trén canh duoc do tai 45 vi tri
trén canh st dung nguyén 1y ng Pitot (Hinh
1b) [10]. Cac vi tri do ap suét nay két ndi voi
bd do ap suat Keygence nhd cac 6ng dong va
dng silicon. Mdi gia tri ap suét dugc do 1a trung
binh cta 1000 gia tri 4p suét theo thoi gian. Sau
do, ta dua céc gia tri ap suat vé dang khong thu
nguyén thong qua hé sb ap suat C, theo cong
thue:

P-P
C,=——% 3)
2PV,

Trong do, P va V
, o0 0
trrong va van toc dong vao.

1a ap sudt moi
Dong xody trén canh dugc quan sat nho

thiét bi may tao khoi.

3.KET QUA

Két qua mo phong (Hinh 3a) va két qua
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thyc nghiém (Hinh 3b) cho thdy c6 hai cudn
Xody xuat hién trén canh trong khi mat dudi
khong c6 hién tuong gi dic biét xdy ra. Hai
cudn xody nay s& anh huong dén ap sut mat
trén cua canh (Hinh 4) [1].

Ap suit & mit trén ctia canh 13 am va
xuét hién hai cuc tri, du doan 14 vi tri cia thm
xody (Hinh 4a), két qua nay tuong ty nhu két
qua nhan dugc cia [9] (Hinh 4c¢). Trong khi do,
ap sudt & mat dudi canh 1a duong c6 phan bd
don di¢u, khong c6 gi dac biét (Hinh 4b).

O mat trén canh, gia tri ap suit thay d6i
16n ¢ hai ving gan mép vao cua canh, két qua
nay tring voi két qua nghién ctru ciia Yamada
va Nakamura [9] (Hinh 4c¢). Pay chinh 1a vi tri
ctia hai cudn xody xut hién trén canh [8]. Hon
nira, ap sudt mat trén canh am, diéu nay lam
cho chénh léch 4p sudt mit trén va mat dudi
tang 1én dang ké dan dén Iyc nang tang [1].

Hé s6 luc nang tinh dugc cua canh
Delta 1a 0,5 (Hinh 5). Trong khi d6, Yamada va
Nakamura [9] khong ban vé luc ning cta két
qua thuc nghiém.

a. Mo phong b. Thuc nghiém
Hinh 3. Xoay xuat hién trén canh
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b. Ap sudt mdt duwdi

c. Ap sudt mat trén [9]
Hinh 4. Phdn b6 dp sudt trén canh
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Hinh 5. Hé 56 luc nang

Dé so sanh cu thé hon két qua nghién
ctru mo phong va thyc nghiém, ta nghién cuu
phan bd ap sudt tai vi tri co toa do x/c = 0,5 la
vi tri & gitra canh.
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Hinh 6. So sanh phdn bé dp sudt tai vi tri x/c = 0,5

Hinh 6 thé hién két qua so sanh phan

b6 ap suét tai vi tri giita canh (x/c = 0,5). Két &~
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qué cho thay, sai sb 16n nhat giira két qua mo
phong, két qua thuc nghiém nghién ciru va thyuc
nghiém cua [9] tap trung ¢ hai vung: mot la
vung gitra canh va hai la ving mép vao cua
canh. Nguyén nhan sai sb 16n ving gitra c6 thé
la do anh huong tuong tac cua hai cuon xody
trén canh ma khi thyc nghiém, phan b6 vi tri do
ap suat & mot nira canh trong khi & mo phong
khong can bd tri thiét bi do ap suat. Con nguyén
nhan sai sb 16n ving mép canh c6 thé 1a do ¢
mép vao clia canh xuat hién mot cudn x04y thir
cAp ma & mo phong phat hién duoc nhung thuc
nghi¢m chua phat hién ra. Hon nira, canh thuc
nghiém thyuc hién trong ludn an cé kich thudc
hoi 16n hon so véi kich thude cho phép trong
budng thtr ctia dng khi dong nén dan dén anh
huong caa 16p bién ¢ ving nay. Pay c6 thé 1a
nguyén nhén sai sb 16n giita hai két qua thuc
nghiém.

Sai s6 16n nhét gitta mo phong véi hai
thuc nghiém va gitra hai thuc nghi¢m nhé hon
15%. Sai s6 nay c6 thé 1a do viéc cai dat cac
thong s6 cua md phong va viée thiét lap mo
hinh thyc nghiém.

4. KET LUAN

bac tinh khi dong hoc cua canh Delta
da duoc kiém chung bang phuwong phap mo
phong s6 va thuc nghi¢m. Cac két luan duge
tong két lai nhu sau:

- Trén canh Delta xuét hién xoay, trong
khi mat dudi khong co gi dac biét xdy ra. Cudn
x04y 1am xuat hién 4p suat &m trén bé mit canh
dan dén xuét hién luc nang cam tng sinh ra do
xody. Dong thoi, cudn xody ciing lam xuat hién
ap suét cuc trj trén canh;

- Sai s0 giita cdc phuong phép nghién
ctru 1 15%. Nguyén nhan chinh dan dén sai s6

nay la do viéc cai dat thong s thuc nghiém (sai
sO ctia hé thong, ctia thiét bi do, ctia phép do...)
va thong s6 mo phong (chia ludi, mé hinh réi,
diéu kién bién, phuong phap giai...). %

Ngay nhan bai: 05/10/2022
Ngay phan bién: 25/10/2022

Tai liéu tham khao:

[1]. Edward C.Polhamus (1966); A Concept of the Vortex
lift of sharp-edge Delta wing Based on a leading edge
suction analogy, December 1966, page 6-10.

[2]. M. Ueno, T. Matsuno and Y. Nakamura; “Unsteady
aerodynamics of rolling thick delta wing with high aspect
ratio”. AIAA 98-2520, 16th Applied Aerodynamics
Conference Meeting and Exhibit, June 1998.

[3]. R. C.Nelson and A. Pelletier; “Unsteady aerodynamics
of slender wings and aircraft undergoing large amplitude
maneuvers”. Progress Aerospace Sciences, vol. 39, pp.
185-248, 2003.

[4]. L Gursul, M. Allan and K. Badcock (2003); Delta wing
aerodynamics, Requirements from CFD and experiments.
September 2003.

[5]. Ahmad Z. Al-Garni, Farooq Saced and Abdullah M. Al-
Garni (2008); Experiment and Numerical Investigation
of 65 degree Delta and 65/40 degree Double Delta
wings. Journal of Aircraft Vol 45 No.1, January-February
2008.

[6]. Akira Oyama, Genta Imai, Akira Ogawa and Kozo Fujii
(2008); Characteristics of a Delta wing at Hight angles
of Attack. 15th AIAA International Space Planes and
Hypersonic Systems and Technologies Conference, 28
April - 1 May 2008, Dayton, Ohio.

[7].  Michael Jones, Atsushi Hashimotas, Yoshiaki Nakamura
(2009); Criteria for Vortex breakdown above High-sweep
Delta wings. AIAA Journal Vol 47, No.10, October 2009.

[8]. P. K. Nguyen, D. T. Tran, K. Mori, T. K. D. Hoang, M.
T. Do; Turbulent Flow Effects on High Sweep-Back
Angle Delta Wing at Low Reynolds Number. 2016 7th
International Conference on Mechanical and Aerospace
Engineering (ICMAE), 2016, pp, 317-321, DOI:
10,1109/ICMAE,2016,7549558.

[9]. T. Yamada, Y. Nakamura; Aerodynamic Characteristics
of a Spinning Delta Wing. Journal of The Japan Society
For Aeronautical and Space Sciences, 2003, Volume 51
Issue 591 Pages 133-140, DOI: https://doi,org/10,2322/
jjsass,51,133.

[10]. A. Pope, K. L. Goin; High-Speed Wind Tunnel Testing,
John Wiley & Sons, Inc,, New York, London, Sydney,
1965.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



