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So sanh két qua tinh toan theo 1y thuyét va
theo phuong phap s6 cho dong trén am qua
canh chinh cua tén Itra S-125 Neva/Pechora

Tran Ha Nam ', Vii Ngoc Anh !, Lé Tudn Phuong Nam 2

Tém tit— Bai bao nay so sanh két qua tinh toan
bing ly thuyét va bing phwong phap sé cho dong
trén Am qua canh chinh cia tén lia S-125
Neva/Pechora hién dang c6 trong trang bi clia quian
doi nhan dan Viét Nam. Bal bdo sé trinh bay vé ly
thuyét dong trén 4m 2D, én dinh, khong nho‘t qua
mit nghiéng, cic phuong trinh biéu dién méi quan
hé cia cac dai lwgng s6 Mach, ap suat, nhiét d§ cia
dong khéng khi truée va sau song shock, chi tiét vé
giai thuat lap trinh trén MATLAB, mé hinh réi
Spalart-Allmaras. Qua trinh chia lwéi dwoc thuc
hi¢n bing module Meshing va qua trinh tinh toan mé
phéng sé (Computational Fluid Dynamic — CFD)
duge thue hién bing module Fluent ciia phin mém
ANSYS. Két qua tinh toan ciia ca 2 phwong phap sé
dwoc trinh bay dwéi dang db thi phan bé s6 Mach, ap
suat, nhiét do ciia dong lwu chit theo chitu dai day
cung canh. Va cudi cing 13 cic nguyén nhan gy sai
léch két qua giira giira 2 phwong phap tinh toan.

Tir khéa— T6 hop tén lira S-125, ly thuyét dong
trén am 2D, chia lwéi, moé hinh Spalart-Allmaras,
song shock, ANSYS Meshing, ANSYS Fluent.

1 GIOI THIEU.

Té hop tén lira S-125 Neva/Pechora 14 hé thong
tén Itra dat dbi khong cuia Lién X0, dugc thiét
ké boi Isayve OKB va dugc dua vao trang bi tir
nam 1963 [1]. Hién nay t6 hop tén ltra S-125 van
dong vai tro quan trong trong luc lugng ph(‘)ng
khong cia QDND Viét Nam. Véi su phat trién
cong nghé quan su hang khong, yéu ciu vé viéc
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nang cap thay thé cac hé thdng tén lua phong
khong da cii cia quan ddi ngay cang cao. Tuy
nhién do kinh phi quc phong c¢6 han, nén van dé
cai tién cac hé thong tén lira cii, cu thé 1a t6 hop
tén lira S-125, 1a rit can thiét. Do d6 bai bao nay
dugc thyc hién nhim muc dich xiy dung mot
chuong trlnh tinh toan dya trén 1y thuyét dong trén
4m 2D, 6n dinh, khong nhot dé hd tro viée cai tién
tén ltra S-125, cu thé 1a tinh toan so bd dong trén
am qua canh tén lira, lam diéu kién ban déu cho
cac qua trinh tinh toan khac.

Hinh 1. T4 hop tén lira S-125 Neva/Pechora (Ngudn: Google
Images)

Nghién ctru s€ tap trung vao canh chinh cua tén
lira. C6 nhidu phuong phap duoc st dung dé khao
sat dong chuyén dong cua khong khi qua canh cua
tén Iira, trong d6 phuong phéap khao sat bang thuc
nghiém duoc stt dung khé phé bién, tuy nhién chi
phi cao. Ngoai ra con phuong phap tinh toan moé
phong s6 (CFD) ciing duoc sir dung rat rong rai
hién nay. Bén canh d6, d6i véi bai toan dong
chuyén dong trén am, da c6 nhiing ly thuyét khao
sat kha day dt cac dédc tinh mot so truong horp
dong chuyén dong don gian [2], do d6 co thé st
dung cac ngdén ngtr lap trinh nhu ngdén nglr C,
MATLAB v.v... d lap trinh cic chwong trinh tinh
toan. Uu diém cua phuwong phip nay so véi
phuong phap CFD la thoi gian tinh toan giam rét
nhiéu, khong can phai chia ludi, ciu hinh yéu cau
clia may tinh thip. Két qua ciia 2 phuwong phap tinh
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toan bang 1y thuyét va tinh toan bang CFD s& dugc
trinh bay va so sanh trong bai bao nay.

2 LY THUYET DONG TREN AM 2D, BEU,
KHONG NHOT [2].
2.1 Song shock nghiéng
Dbi v6i truong hop dong trén am déu, khong
nhét, c6 s Mach M1, 4p suit P1, nhiét o T1, di
qua mdt mat ném c6 goéc 6 10m (hinh 2), cac quan
hé vé sb Mach, nhiét d9, ap suét nhu sau:

(a) Concave corner

Hinh 2. Truong hop goc 0 16m (Ngudn: Hinh 9.1a, tai liéu tham

khao [2])
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(b) Convex corner

Hinh 3. Trudng hop goc 6 16i (Ngudn: Hinh 9.1b, tai liéu tham
khao [2])

3 GIAITHUAT LAP TRINH.

NOi dung cua gidi thuat 1a chia canh tén Ita ra
thanh n mit cit theo phuong sai canh (phuong y
trén hinh 4), sau d6 4p dung Iy thuyét dong siéu
am khong nhét vao dé giai bai toan dong siéu am
qua tirng mat cat. Trinh tu thuc hién duge trinh
bay trong phan tiép theo cua muc nay.

03m

0.4m

11lm

Hinh 4. M6 hinh 3D cutia canh chinh tén Itra

3.1 Xay dung mé hinh hinh hoc

Pau tién, léy toa do cua cac diém nam trén bé
mit cia bién dang canh & gbc canh (mat phing 0)
va miii canh (mat phing n) lam dit lidu dau vao
cho qué trinh tinh toan. Tiép theo, xdy dung cac
phuong trinh cia cac dudng thing ndi cac diém
tuong tng trén 2 mit phing 0 va mit phing n. Sau
d6 xdy dung cac bién dang canh trung gian bang
cach chia canh co chidu dai b ra 1am n phan theo
phuong y, cac diém trén bién dang canh trung gian
thor 1 c6 toa do (Xji, ¥i, zji)) (1<5j<m, véi m la s6
diém trén bién dang canh). Véi y; = yo + i*(b/n), x;i
va z;; tim dugc tir cac phuong trinh duong thing va
toa dd yi.
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3.2 Tinh todn cac goc l_éch trén mot bién dang
canh tai mgt mdt cat bat ky
Mo hinh mot mit cét canh bat ky duoc gi6i thiéu
trong hinh 5 dudi day

B o
N e x

Hinh 5. Minh hoa céch tinh goc A; va p;

Tai mot mat cat bat ky:

z.  —z.
_ i+1 i _
A, =arctan—————, A, =A, |
Xig1 — X
ﬁi = Aifl - Ai

Tai diém dau (diém 1) va diém cudi (diém m):

ﬁ1:|_a+A1 > ﬁm:|_a+Am|

3.3 Tinh todn trén mot mat cdt

Tai miii ctia bién dang canh, néu 0<0 & |o>A,
thi co song gidn nd xuat hién & day, cic truong
hop khac c6 song shock nghiéng xuét hién.

Tai cac diém trung gian, c6 thé thiy song shock
xuét hién ¢ ving nay 1a song gidn ng, do dé tién
hanh giai cic phuong trinh ctia song gidn nd. Tai
diém cudi (diém m), néu a>0 & |a[>An thi xuat
hién séng gidn nd, cac truong hop khac c6 song
shock nghiéng xuét hién. Qua trinh giai s& dwoc
1ap lai cho n mit cét canh trung gian.

Chuong trinh tinh toan duoc viét bang ngdn ngir
lap trinh MATLAB, st dung phuong phap
Newton-Raphson dé giai véi diéu kién hoi tu 1a 10-
6, Két qua néu trong bai bao 1a két qua thu duoc
khi chay chuong trinh véi s6 diém toa dd trén mot
bién dang canh 1a 32, canh duoc chia thanh 21 mat
cat.

4 PHUONG PHAP CFD.
4.1 M6 hinh réi [3]

P6i v6i cac truong hop dong chay ngoai
(external flow), trong bai bao nay la dong khong
khi qua canh tén lira, mé hinh rdi Spalart-Allmaras
duoc danh gia 14 mo hinh cho két qua chinh xac
nhét [3][4].

Phuong trinh ctia mo hinh rdi Spalart-Allmaras
viét cho mot thé tich kiém soat (ttks):

~\2

m + le(p{lﬁ) :Cblp(IQ—’_CWIp[l fw
ot Y
I II 1 v
1 ~ ~ VOV
+{—di + rad(v) +C, ,p——
{OV V| p+pv grad(v)+Cyyp ox.ox, || (12)

v
Trong phuong trinh 12:

- v 1a tham sb cua hé sd nhét dong hoc cua
xoday (kinematic eddy viscosity parameter).

- I: Pai dién cho téc do bién thién cua nang
luong do xoay trong ttks.

- II: Pai dién cho sy trao dbi ning lugng do
Xody gitra trong va ngoai ttks do dbi luu.

- III: Pai dién cho toc d6 tao thanh nang lugng
do xoay trong ttks

- IV:. dai dién cho toc do tiéu tan nang luong do
x04y trong ttks.

- V Pai dién cho sy trao ddi ning luong do xody
giita trong va ngoai ttks do khuéch tan.

Céc ham fi2, fy, 1 cac ham giam chan (damping
function) dugc néu trong tai li€u [5].

Béng 1. Cac hing sb trong mé hinh Spalart-Allmaras [5]

oy K Ch1 Cs2

2/3 0.4187 0.1355 0.622

Phén tinh to4an mé phong dugc thuc hién biang
phian mém ANSYS Fluent, diéu kién hoi tu 1a 10-
4, gia s canh hoat dong trong diéu kién khi Iy
tudng.

Bang 2. Cac thong sb dau vao

Vin te dong luu chat (m/s) 700
Nhiét d6 méi truong (46 K) 300
Ap sudt moi truong (Pa) 101325
Goc tan (d6) 5

4.2 Chia luci

Trong phén tich CFD, v&i cac hinh hoc don gian
va hudng cua dong 1a khong thay ddi, ludi c¢6 cdu
trac 1a pht hop nhit vi n6 cho do chinh xac cao va
viéc tao ludi trong truong hop nay la don gian.
Tuy nhién, viéc tao ludi ¢6 ciu trac chiém nhidu
thoi gian va doi hoi k¥ nang ctia ngudi chia ludi.
Dé don gian cho nghién ciru nay, ludi khong céu
tric da dugc st dung. Ludi duoc chia b?mg module
Meshing ctia phan mém ANSYS. Gi4 tri y+ dugc
chon 1a 5, chiéu cao y ctia phan tir lui nam sat bé
mat canh duoc tinh nhu sau:
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Re = pV;w"h C, =[2log,,(Re)-0.65] > (13)
T L (14)
w f 2 © * p
+
Y H
y=p—u (15)

Trong bai bao nay y = 0.003 mm. Céc kich
thudc va diéu kién bién cua ludi duge gidi thi¢u
trong hinh 6.

Farfield

Farfield
g
Farfield

v Farfield

Hinh 6. Kich thu6e va didu kién bién cua lu6i

Cac thong s6 chat luong luéi duoc ligt ké o
bang 3. Thong sb do xién nam trong gidi han cho
phep & tai liéu [6]. Thong sb d6 co co gia tri xau
nhét 16n hon gii han cho phép trong ta1 lidu [6]
tuy nhién gia tri ndy 1a cua cac phan tir nim trong
ving 16p bién nén co thé chap nhan duoc [6].

Bang 3. Chét luong ludi cho canh tén lira

Théng sb GiA tri xu nhit
Do xién (Skewnses) 0.92
Do co (Aspect ratio) 64.2

5 SO SANH KET QUA 2 PHUONG PHAP.

Vi tri ngoai 16p bién 1a vi tri c6 gia tri y+=1000
tuong mg y=6 mm tinh tir bé mat canh, thudc
vung outer layer [3]. Vi tri trong 16p bién c6 y+=5,
y=0.003 mm, thugc vung linear sub-layer [3].

Phan b s6 Mach theo vi tri x/c tai cdc mit cét.

3 -
—&@—1Y thuyét
25 —&— CFD trong lép bién
S —&— CFD ngoai l6p bién
2
1.5

> = |

0 02 04 06 08%¥c g
Hinh 7. Mit cit 0

3.00 ~&— CFD ngoai 16p bién
) 50 —B—Ly thuyét
o -~—CFD trong I6p bién

b=
2.00
10 \*Vw—\”_‘./
1.00

0 0.2 0.4 0.6 0.8 x/c 1

Hinh 8. Mit cit 10

3.00 —a— CFD ngodi [6p bién
2 50 —8—Ly thuyét

"‘E‘ —®— CFD trong 16p biéy,
2.00 -

1.50

1.00

0 02 04 06 08 1
Hinh 9. Mt ct 20

Phan bd ap sudt theo vi tri x/c tai cic mat cit.
1.25E+05

1.00E+05

7.50E+04

<
. & —&—CFD ngoai 16p bién
5.00E+04 I, —A—Ly thuyét
—®—CFD trong lép bién
2.50E+04 -

0 0.2 0.4 0.6

08 g/ 1
Hinh 10. Mt cat 0
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1.50E+05 450
—&— CFD ngoai 16p bién 400
1.25E+05 C
——Ly thuyet
1.00E+05 —&— CFD trong lop bién 350
7.50E+04 300
©- =—&—CFD ai 16p bié
5.00E+04 B0 g g tet|
200 [ —@— CFD trong 16p bién
230ET0s 0 0.2 0.4 06 08 Xc
0 02 04 06 08y 1 - SRS '
Hinh 11. Mit cit 10 Hinh 15. Mat cat 20
1.25E+05 '
—&— CFD ngoai 16p bién Phan bo sai so gilta 2 phuong phap theo vi tri
1.00E+05 ~@--Ly thuyet x/c tai cac mdt cat & vang ngoai 16p bién.
—&- CFD trong I6p bién [ 40
7.50E+04 _
30 —d—mat cit 0
5.00E+04 - —&—mit cat 10
320 —8— m3t cit 20
2.50E+04 10
0 02 04 06 08ycl 0
Hink 12. Mit cat 20 0 02 04 06 08 xc1
Hinh 16. Sai s6 cia két qua s6 Mach
~ Phan b6 nhiét d¢ theo vi tri x/c tai cdc mt cat.
450 _
30 ’
400 ;\ 25 —h—mit cit 0
350 o |CTD ngodi 1dp bicn 20 —— mit cat 10
y thuyé B At ok
—e— CFD trong 16p bién S5 ma-cat 20
300 10
o 5
250 |4 0
200 2 0 0.2 0.4 0.6 0.8 x/c 1
o™ 02 04 06 08 xc1 Hinh 17. Sai s6 ciia két qua nhiét do
Hinh 13. Mit cat 0
| 450 ' 80 ’
60 —&—mat cat 0
400 N —&— mit cit 10
—#&— CFD ngoai 16p bién 40

—8— mit cat 20

350 —8— Ly thuyét
—&— CFD trong 16p bién

300

0 0.2 0.4 0.6 0.8 X/c 1

250

200 Hinh 18. Sai s6 cta két qua ap suat

0 0.2 0.4 0.6 08 x/c 1
Hinh 14. Mit cit 10
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Mach Number

symmetry plane
2.412e+000
2.285e+000
2.157e+000
2.030e+000
.903e+000
776e+000

1
, £

1.649e+000 \
1.522e+000

1

1

1

1.014e+000
8.871e-001
7.601e-001
6.331e-001

Hinh 19. Mach contour tai mit cét 0

Mach Number
mp 10 contour

2.340e+000
2.202e+000
2.063e+000
1.925e+000
1.787e+000
1.648e+000
1.510e+000
1.371e+000
1.233e+000
1.094e+000
9.557e-001

1.249¢-001
Hinh 20. Mach contour tai mat cit 10

Hinh 21. Mach contour tai mit ct 20

Mach Number
mat chieu bang

2.412e+000

60
6.331e-001
5.060e-001 |
3.790e-001
25200001 [
1.249e-001 |

Hinh 22. Mach contour tai mit chiéu béng cua canh

6 NHAN XET.

Tir hinh 8 dén 16, ¢6 thé thdy phuong phap tinh
toan theo 1y thuyét khong thé mé ta xu hudng bién
d6i cua cac dai luong nam trong ving 16p bién,
nhung lai mo ta kha tot xu hudng bién doi ciia cac
dai luong & ving ngoai 16p bién theo chiéu dai day
cung canh tai ving sat gbc canh. Theo céc hinh 18,
19, 20 sai s giita két qua tinh toan 1y thuyét va
két qua mo phong (ngoai 16p bién) kha nho (dudi
5%) trong vung 0 < x/c < 0.2, tuy nhién tr vung
0.2 < x/c < 1, sai sb giita 2 phuong phép rat 16n va
¢6 xu huéng ting dan khi di tir gbc canh ra mii
canh. Nguyén nhan gy ra cic sai léch nay c6 thé

89

do:

- Ly thuyét dong trén 4m khong xét dén anh
hudng cua tinh nhét. Khi ¢c6 anh hudng cua tinh
nhét, cac phan tir khong khi nim trong ving 16p
bién s& cham hon van téc dong khong khi bén
ngoai 16p bién, dan dén sai léch gitta két qua sb
Mach tai ving nam trong 16p bién. Bén canh d,
nhiét d6 & ngay bé mit canh theo CFD cao hon
nhiéu so vdi két qua theo giai tich, boi dong ning
clia cic phan tir nam ngay sat 16p bién da chuyén
hoéa thanh nhiét nang do tdc dong ciia ma sat.

- Anh huong ctia xoay miii canh, cang gan miii
canh thi anh huong cta xody mii canh cang lon,
khién cho sai s6 ting theo chiéu tir gbc canh ra mii
canh.

- C6 song shock xuét hién trudc canh. Tir cac
hinh 21, 22, 23, 24 ¢6 thé thiy trudc canh c6 xuit
hién mot séng shock (hinh 24), tai mdi mot vi tri
mit cat ciia canh, song nay co dang bowshock
(song hinh canh cung, hinh 22, 23). Do sy xuit
hién cua bowshock ndy ma cac dai lwong vat 1y (s6
Mach, nhiét do, ap suit) ctia dong khong khi da bi
thay doi trudc khi dong khong khi dén gap canh,
do @6 gy ra su chénh léch két qua so véi ly thuyét
dong trén am.

7 KET LUAN

Qua so sanh két qua tinh toan giita 2 phwong
phap, co thé thay giai thuait MATLAB xay dung
trén co so cua 1y thuyét dong trén am 2D déu,
khong nhét c¢6 d6 chénh 1éch kha nhd so véi
phuong phap CFD khi sir dung dé tinh toan cho
ving nam ngoai 16p bién c6 ti s6 x/c va y/b nho
trén canh, tuy nhién khong thé khao sat cac ving
con lai. Giai thuat nay khong xem xét dén anh
hudng cia tinh nhét, goc sweep cua canh tén lra,
anh hudng cua xody mili canh. Tuy nhién véi uu
diém 12 it ton thoi gian tinh toan, phuong phap tinh
toan bang 1y thuyét c6 thé duoc sir dung dé tinh
toan so bo dong chuyén dong siéu am qua canh, hd
trg cho cong tac thiét ké, hoac tinh toan diéu kién
ban dau cho céac giai thuat khac. Bén canh d6, giai
thuat MATLAB xay dung trén co s& cta ly thuyét
dong trén am 2D déu, khong nhét co thé duoc st
dung vao muc dich hoc tip cla sinh vién, dac biét
la chuyén nganh ky thuat hang khong.
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Abstract: This paper compares the results of Computational Fluid Dynamic (CFD) and analytical method
when applying to the case of supersonic flow over main wing of S-125 Neva/Pechora surface-to-air
missle. The theory of two-dimensional, steady, inviscid supersonic flow over oblique surface, equations
of relations between Mach number, pressure, temperature of flow in front and behind of shock wave,
details of MATLAB algorithm and Spalart-Allmaras turbulent model will be displayed in this paper.
Meshing process had been done by Meshing module and numerical simulation process had been done by
Fluent module of ANSYS software. The results of two methods were presented in graphs of Mach
number, pressure, temperature distributions along the chord line of wing. The reasons of differences
between two results will be presented at the end of this paper.

Index Terms: S-125 missle system, theory of 2D supersonic flow, meshing, Spalart-Allmaras turbulent
model, shock wave, ANSYS Meshing, ANSYS Fluent.



