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NGHIEN CU'U LUC CAN KHi PONG CUA PAU PAN SU DUNG
CAN ON PINH BANG PHUONG PHAP MO PHONG SO

P Vin Minh”, Tran Thé Hiung, Pham Vin Tap
Dai hoc Ky thuat Lé Quy Pon
Tém tit
Bai béo trinh bay viéc nghién ciru mot s6 tham sé dic tinh khi dong cua dau dan phao su
dung can 6n dinh trén duong bay bang phuong phap mé phong sb trén phan mém ANSYS
Fluent. M6 phong dwoc ap dung cho diu dan ¢& 122 mm bang mé hinh chay rbi k-e. Anh
hudng cua kich thudc ludi 1én do hoi tu cua bai toan dugc khao sat cu thé, tr d6 xac dinh
duoc cac dac tinh khi dong cua dau dan nhu luc can, phéan bd ap sut, van tdc trén bé mit
dau dan khi chuyén dong. Két qua nghién ctru nay lam co s danh gia anh huong, tac dung
clia cin 6n dinh d6i véi dau dan c& 122 mm trén dudng bay noéi riéng va cac diu dan phao

sir dung can 6n dinh trén duong bay néi chung.

Tir khéa: Pdc tinh khi déng; can 6n dinh; ANSYS Fluent.

1. M& diu

Hién nay, c6 nhiéu phuong phép giam luc can khi dong, ting kha ning on dinh
ctia dan trén duong bay trong d6 c6 phuong phap sir dung 6¢ dau dang can on dinh. Can
on dinh c6 d6 dai dam bao tiéu cy nd cho dan, dong thoi giup lam ting d6 chum (c6 kha
nang ting d6 chum dau dan 1én 4-5 1an so v6i dc dau dang thon, con), giam luc 1at dao
va dich chuyén tdm can vé phia sau tir 6-8% chiéu dai toan by dan. Nguyén 1y hoat dong
clia can 6n dinh 13 1am thay d6i dic tinh chay cia dong khong khi tac dung vao miii dan
va tao ra vung lang on dinh, d6i xtmg véi truc dan [1].

Trén thé gidi da c6 mot s6 nghién ctru khoa hoc duoc cong bd trén cac tap chi vé
lam thay doi cac tham sb ciia dic tinh khi dong khi vat thé chuyén dong trong moi
truong chat luu v6i van tdc trén am khi tng dung sir dung két ciu twong tir can on dinh
cho vit thé [2, 3]. Cac nghién ctru trén da dua ra mo hinh tinh toan va s dung phuong
phap mo phong sé dé tinh toan dua ra cac két luan vé anh hudng cua két cu twong tu
can 6n dinh ddi voi cac tham sé didc tinh khi dong cua vat thé khi chuyén dong trong
moi trudng chat luu véi van tc trén am. Tuy nhién, cdc nghién ctru ndy mai chi ding
lai ¢ viéc tng dung co cau tuong tu can 6n dinh chung ma chua dua vao tinh toan cu thé
cho mot vat thé x4c dinh.

Trong nudce cling c6 mot s6 cac nghién ctru khoa hoc, ludn van vé dic tinh khi dong
ctia vat thé khi chuyén dong trong moi truong chét luu, dic biét co mot sb tai lidu cua
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Pai hoc K§ thuat Lé Quy Pén lién quan dén chuyén nganh dan duoc [4, 5]. Tuy nhién, céc
luén vin ndy méi chi nghién ctru anh hudng cua ciu tric dan duoc 13 phan vat day dan doi
v6i cac loai dan khong st dung can n dinh. Ddi véi dan co st dung cAn 6n dinh hodc céac
vat thé 6 su dung két cAu tuong tu can On dinh thi sb luong nghién ctru con han ché.

Trong bai bao nay, cac tham sb dic tinh khi dong ctia dau dan 122 mm trén duong
bay dugc nghién ctru trén phan mém ANSYS Fluent ban quyén tai Khoa Hang khong
vl try, Pai hoc Ky thuat L& Quy Pon. M6 hinh chay 16i k-¢ duge st dung dé phan tich
cac tham s khi dong dac trung cua dau dan, bao gé)m: ap suét, van toc, lyc can. Anh
huong cta ludi tinh toan toi d§ hdi tu cua bai toan dugc nghién ctru. Déng thoi dua ra
phuong phap kiém ching ban thuc nghiém nham khing dinh tinh chinh x4c ciia mé
hinh tinh toan.

2. M6 hinh bai toan va phwong phap giai
2.1. M6 hinh bai toan

Mo hinh hinh hoc dau dan 122 mm ding cho mé phong duge thé hién trén hinh 1.
Pau dan c6 tong chiéu dai: 631 mm, duong kinh 16n nhat phan than dau dan: 122 mm.
Phia trudc dau dan co lip dc dau dang can 6n dinh, v6i chiéu dai 90 mm, duong kinh
42 mm. Ti 1é chiéu dai trén duong kinh cua dan va phﬁn can On dinh cta dc dau 1an luot
la5,2va2l.
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Hinh 1. Tham s6 dau dan c¢& 122 mm (Kich thuée c¢é don vi mm)
1. Ngoi dau;: 2. Oc gitr ngoi, 3. Oc dau dang can én dinh; 4. Than dan;
5. Pai dan; 6. Vong truot; 7. Ong duoi; 8. Canh

Mién khao sat c6 kich thudc dai x rong x cao = 18 m x 4 m x 4 m dugc chi trén

hinh 2. Viéc Iya chon chiéu dai ving tinh toan 16n gitip dam bao mo ta duoc ving xody

phia sau vat. Déng thoi, do tinh toan dugc thuc hién tai goc tan 0°, nén tiét dién cét bao
quanh vat nho dé giam sb lugng diém luéi.
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Mt bién tw do
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Mt bién tw do
Hinh 2. Mién khdo sat

Do md hinh ddu dan c6 ciu triic phiic tap, nén phuong phap chia luéi tu dong

duoc lya chon. Ludi tinh todn dugc chia day nhét trén bé mat dan sau d6 dén phﬁn sat

v6i than dan va thua hon & gan bién ty do. Anh hudng kich thudc luéi 1én két qua

mo phdng s€ dugc trinh bay trong muc 3.1.

Hinh 3. Phdn bé ludi tinh todn quanh bé mdt ciia dan

Cac diéu kién bién cho mo hinh tinh todn dugc dugc chi ra dudi bang sau:

Bdng 1. Piéu kién tinh todn

Tham s Gia tri
Dau vao (inlet) Vy= V= 690 m/s (M = 2,02); Vy=0; V,=0
Dau ra (outlet) Ap suét ra
Bién tu do Mit tuong tuyét ddi cling
Bién thanh dan Vi=Vy=V,=0
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2.2. Thudt toan va phwong phdap nghién cuu

Trong nghién ctru dic tinh khi dong phuc vu cho thiét ké san pham, phuong phap
trung binh theo Reynolds (RANS) thuong duoc sir dung. Phuong phap nay dua trén
trung binh hoa phuong trinh Navier-Stokes va bo qua anh hudng cia thoi gian 1én dac
tinh cia dong chay. Mic di RANS c6 gi6i han nhat dinh vé két qua nhung ching cho
giam thoi gian tinh toan dang ké va c6 thé sir dung trong nghién ctru. Trong phuong
phap RANS, ten-xo tng suit Reynolds phu thudc vao do nhét dong hoc vr. Tham sb
nay duoc mo ta théng qua dong ning chay réi k va do tiéu tan ning luong e.

M0 hinh k—¢ dia trén hé phuong trinh Navier-Stokes v6i hai phuong trinh bd sung.
Cu thé, phuong trinh Navier-Stokes ¢6 thé dugc viét nhu sau [6]:

op O
P L9 (pui)=0
ot axi(/) i)
(1)
2 (pu)+ 2 o) =~y i Ty 2ty
ot ok Y o Taxg kg okt ooy !

trong d6 i, j = 1,2,3; Ui - thanh phan van tdc trung binh; p - 4p suit; p - mat do khong
khi; — pu;'ulj 1a ten-xo trg suat Reynolds trung binh.
Hai phuong trinh b6 sung theo mé hinh k—¢ [7] 1a:
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3. Két qua va thio luin
3.1. Anh hwéng ciia lwéi lén két qud bai todn

Bai bao khao sat cho 5 truong hop véi mirc do chia ludi tinh toan mién khao sat
khac nhau. Tham s6 vé kich thuéc ludi duogce cho trong bang 2.

Két qua khao sat luc can theo s6 ph?m ttr ludi duge chi ra trén hinh 4. Hé s6 luc
can thay d6i khong nhiéu theo luéi tinh toan va dao dong tir 0,992+1,011. Ly do la do
song xung kich hinh thanh trén bé mat. Vi vay, trong nghién ctru nay sir dung ludi tinh

toan c6 3,6 triéu phan tu, 1a ludi tinh todn co chét luong tét nhat ¢é& dam bao két qua
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tinh toan chinh xac. Trong ludi nay, kich thudc 6 ludi nho nhét trén bé mat vat 1a
0,005 m. Dé mo phong dong chay sat dau dan va mé phong chinh xéc 16p bién, thyc
hién chia 10 6 16p ludi nho song song va sat voi bé mat dau dan. Kich thude 6 ludi nho
nay 13 0,005 m va ting dan theo ti 16 1,05. Ngoai ra, ving xung quanh dan duoc chia
lu6i nho véi kich thude 6 ludi ti da 1a 0,025 m. Ludi con lai trong ving tinh toan c6
kich thude tdi da 13 0,2 m.

Bdng 2. Tham s6 kich thiéc lui

Truonghop | Kich thude luéi (tri¢u diém)
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56 phan tir (triéu &ém)
Hinh 4. Anh huéng ciia sé phan tir ciia ludi tinh todn dén hé sé luc cdan
3.2. Kiém chirng moé hinh
Str dung Kkét qua hé s6 luc can d3 duoc tinh toan cho truong hop van tde dau vao
Ve = 690 m/s va thuc hién tinh toan thém hé s luc can khi dong ctia dau dan khi thay
ddi didu kién bién dau vao Vx = Vi v6i mot sd van tde Va, Khac 12 594 m/s, 640 m/s va
726 m/s, thu duoc két nhu trong bang 3.
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Badng 3. Két qua tinh toan hé 56 lue can véi cde van toc dan khdce nhau
Van téc dan (m/s) 594 640 690 726
Hé s6 luc can 1,181 1,132 1,088 1,027
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575 600 625 650 675 700 725 750

Vin tde dau dan (m/s)
Hinh 5. Quy ludt bién thién hé sé luc can theo vén toc

Tir hinh 5 thiy rang, khi van téc dau dan bién thién trong khoang tir 580730 m/s

thi hé s luc can bién thién gan nhu tuyén tinh thanh mot dudng thang. Do d6, dit ham

luc can c6 dang: Cx = aV+b. Tu cac cap gia tri Cx va Van trong bang 3, tinh toan cho

cac gid tri a=-1,22x10" vab = 1,913. Nhu vy, ham hé sé luc can ctia diu dan BK13
c6 dang nhu sau:

Cy =—1,22x10"3 x Ve + 1,913 ©)

Hé phuong trinh chuyén dong ctia khdi tim cua dan phao tong quat [8]:
V= —Cor(y)F(V;)-gsin®

éz—gcose
\ (4)

y:V sin@

x =V cos@

trong d6: C, = (id?/ g)x10° - h¢ s6 phéng (i - hé sb hinh dang, d - ¢& dan, q - trong lugng
dan); 7Z'(y) - ham 4p suat tuong d6i; g = 9,81 - gia téc trong truong;
F(V)=4,74x10"*xV?xC,(V,) - ham lyc can; 6 - géc ban; V - vén toc dan.

St dung phin mém Matlab va thuat toan Runge-Kutta dé giai hé phuong trinh (4)
khi st dung ham hé $6 luc can (3) ¢ trén, thu dugc Kkét qua nhu trén hinh 6.
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VAN TOC THEO TAM XA VANTOC THEO TAM %A

750 T T

VAN TOC (m/s)

0 1 60 260 360 460 560 600 0 260 ® 600 & wubu 1200
TAM XA (m) TAM XA (m)
a) b)

Hinh 6. D6 thi thay d6i vin téc cham theo tam xa & géc phong 00°04° (a) va 00°28° (b)
Tién hanh xac dinh van téc cham cta dan & cac tdm ban 500 m va 1000 m twong
g véi cac goc phong 0 = 00°04° va 00°28” sau d6 tién hanh so sanh vai cac gid tri van
tdc cham khi tra bang ban cua dan [9] nhan dugc cac két qua:

Bdng 4. Van téc cham cua dan theo tinh todn va theo bang bdn

Géc phéne. tim bin Két qua Két qua So sanh giira két qua
phong, tinh toan theo bang bin tinh toan va bang bén
Géc phdng 00°04°,
. , 585 594 1,52%
tam ban 500 m
GOc phong 00°28°,
R , 465 477 2,52%
tam ban 1000 m

Gi4 tri van toc cham khi tinh toan bang phuong phép ciia bai bao va gia tri van tdc
cham khi tra bang ban c6 sai léch nam trong khoang 2-3%, do vay c6 thé st dung mo
hinh va phuong phap giai ctia bai toan tién hanh khao sat phan b cac dic tinh khi dong

va anh hudng ctua két cAu dan dén luc can khi dong.
3.3. Phin bé ciia mét sé dic tinh khi dong ciia ddu dan 122 mm trén dwong bay

Phan b ap suit, van toc dugc thé hién trong hinh 7. C6 thé thay ring, tai mii dau
dan 4p sudt 1a 16n nhat. Pong thoi trén khu vuc can 6n dinh va canh dudi ctia ddu dan hinh
thanh mot 16p song xung kich, diéu nay anh huong 16n dén dic tinh khi dong ciia déu dan.
Tai phan miii hinh thanh cac viing xody chay nguoc c¢6 van tdc rat thap c6 thé coi 1a ving
lang (Hinh 8). Cac dic tinh nay c6 vai tro giit 6n dinh cho dau dan va gitip chung quay vé
vi tri ban dau khi c6 tac dong tir bén ngoai. Khi c6 nhiéu loan, c6 nghia 1a xuét hién goc
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chuong dong, thi viing lang khong ddi xting qua truc dan. Mot ph?m dc dau sé nho ra khoi
vung lang va chiu tac dong cia dong chay khong khi c6 dang séng xung kich. Do ap luc
ctia dong khong khi luén huéng vudng goc voi bé mit chiu tic dong, nén luc téng hop do
ap luc khong khi gdy ra ciing vudng goc véi mit tac dong va tao ra md men quay dau dan
vé trang thai cli lam on dinh cho dau dan

Tuy nhién, trong nghién ctru ndy méi khao sat cho mot truong hop cu thé. Dé hiéu
13 hon vé anh hudng cia can 6n dinh 18n dic tinh khi dong cua dan, cac nghién ciu can

dugc thue hién cho trudng hop can 6n dinh c6 chiéu dai va dudng kinh khac nhau.

a) Ap sudt b) Vin toc
Hinh 7. Phdn bé dp sudt (a); vén toc (b)

- Phan b van tdc dang vecto & phan can on dinh dugc thé hién trong hinh 8.

= e
s e \‘f@ =
Eeeeeeeee e
=

Hinh 8. Phdn bo vin toc dang vecto phan can én dinh
3.4. Anh hwéng ciia phéin duéi t6i liwe cin ciia dau dan
Nham danh gia anh huong cia phan dudi téi luc can, nghién ctu tién hanh
mod phong, tinh todn hé s6 luc can thém cho hai truong hop moé hinh dau dan nhu sau:
M5 hinh bo di cac canh duéi (Hinh 9a) va mo hinh bo di toan bo phan dudi (Hinh 9b).
Trong qua trinh khdo sat, nghién ctru 4p dung cac diéu kién dau vao nhu trong bang 1,

ludi tinh toan da dugc chon nhu trong muc 3.1.
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a) Khéng co cdc canh dudi b) Khéng cé phan dudi on dinh
Hinh 9. M6 hinh 3D ciia cac mé hinh khdo sat
Két qua tinh toan va so sanh hé sé lyc can cua ddu dan c6 phan dudi va khong co
phan duéi dugce thé hién trén hinh 10.

1;2

1,1
1,0
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0,8

0,7

0,6 - =
Khong c6 phan Khong co Dan mau
du6i on dinh cac canh dudi day du

Cac mo hinh dan khac nhau

Hinh 10. Bién thién hé so luc can voi cac mo hinh dau dan khdc nhau

Két qua thu duoc cho thdy phan dudi 6n dinh c6 anh hudng rit 16n t6i hé sb luc
can cua du dan trén duong bay, chiém 38,79% téng hé sb luc can cua dau dan trén
dudng bay. Trong dé, cac canh dudi 6n dinh 1a thanh phan c6 anh hudng 16n nhat t6i hé
sd lyc can cua dau dan trén dudng bay trong phan dudi 6n dinh chiém 35,94% tong

hé s6 luc can.
4. Két luan

Phuong phap mo phong s6 cho phép tinh toan cac tham s khi dong cua dau dan
sir dung can 6n dinh trén duong bay véi @6 chinh xac kha cao. Tuy nhién, d6i véi
phuong phap mé phong s6 trén phan mém ANSYS Fluent cach chia ludi tinh toén co
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anh huong rat nhiéu dén két qua tinh toan cua bai toan. Nghién cau nay sir dung ludi
tinh toan co kich thudc 3,6 triéu diém nham dam bao két qua cua bai toan.

So sanh van téc cham ¢ cung tam ban 500 m va 1000 m khi st dung ham sé lec
can duoc xac dinh bang md phong sé vao giai hé phuong trinh chuyén dong khéi tam
ctiia dan phéo va tir s6 liéu van téc cham trong bang ban [9] cho thdy muac do sai léch
khoang 2-3%.

Khao st anh huong cua phan dudi dén luc can cua dau dan trén dudng bay thiy
rang phan dudi c6 anh huong rat 16n téi luc can, chiém 38,79% tong hé sé luc can.
Trong d6, cac canh dudi 6n dinh 1a thanh phan c6 anh huong 16n nhét téi lec can cua
dau dan trong bo phan 6n dinh bang canh, chiém 35,94% tng hé sé luc can.

Cac két qua nghién ctru nay c6 thé dung dé tham khao khi nghién cau, tinh toén,
thiét ké, cai tién dau dan 122 mm néi riéng va cac dau dan on dinh bang canh sir dung
can on dinh noi chung.
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STUDY OF THE AERODYNAMIC DAMPING CHARACTERISTICS OF A
SPIKE-NOSED PROJECTILE USING NUMERICAL SIMULATION METHOD

Abstract: In this study, aerodynamic damping characteristics of a spike-nosed projectile
were investigated by numerical simulation methods. The numerical process was conducted
using ANSYS Fluent software for specific projectile 122 mm. Effect of mesh volume on the
convergence of the results was investigated in details. Aerodynamic characteristics of the
projectile such as drag, distribution of pressure, velocity on the surface model were presented.
The results of this study were used to evaluate the effect and results of spike for projectile
122 mm during the flight in particular, and other projectiles using spike for stability in general
for further studies.

Keywords: Aerodynamic characteristics; spike-nosed; ANSY'S Fluent.
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