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Tém tit: Muc tiéu bay sir dung dong co tén lita nhién li¢u rin (MTBO0I) duwoc nghién
citu thiét ké, ché tao moi theo kiéu tén lira hanh trinh, cé diéu khién, dat doi dat, hai tang
ddéng co tén lira nhién liéu rdn, mang cum phat xa hong ngoai va khéi phan xa vé tuyén.
Muc tiéu MTBOI dwoc iing dung lam muc tiéu trong ban hudn luyén (bdn tdp) cho mot sé
logi tén lira phong khéng. Bai bdo trinh bay két qud nghién ciru, xdc dinh bo hé sé khi
déng ciia muc tiéu bay MTBOI. Két qua nghién ciru la s6 liéu dau vao phuc vu mé phong,
khdo sat, danh gid quy dao ciia muc tiéu bay theo yéu cau chién ky thudt dé ra; qua dé xdc
dinh cdc tham so thiét ké tong thé va cdc tham so thiét ké ciia cdc cum khoi thanh phan
cua muc tiéu bay.

Tir khoa: Muc tiéu bay; Hé sé khi dong; Nhién liéu rn.
1. MO PAU

Muc tiéu bay su dung dong co tén Itra nhién li¢u rin MTBO1 duoc nghién clru thiét
ké, ché tao dé mo phong cac phuong tién tac chién duong khéng c6 van toc 16n hon 100
m/s va dugc su dung lam muc ti€u trong ban tap cho mat s6 loai tén lua phong khong.
Viéc tinh toan xéac dinh cac tham s khi dong 1a mot trong céc ndi dung nghién clru thiét
ké ché tao muc tiéu bay MTBO1. Két qua tinh toan cac tham sb khi dong 1 co s¢ dé lya
chon cac tham s6 hinh hoc ctia muc tiéu bay phii hop véi tinh nang chién k¥ thuat theo
yéu cau dit ra.

Ngay nay, cing voi sy phat trién ctia khoa hoc may tinh, cac phwong phap mo phong
s6 dugc ung 'dung rong rai trong nghién ctru khi dong cua thiét bi bay. Cac phuong phap
m6 phong s6 dugc chia thanh cac dang bac thap, bic trung va bac cao, tuy thudc vao
cach tiép can, sb luong phuong trinh dinh giai va so luong gia thuyét dugc thira nhan
trong bai toan. Két hop phuong phap mé phong s6 véi mot sé phuong phap ban thuc
nghiém nhu tinh toan khi dong bang sir dung phan mém DATCOM [1], chiing ta c6 thé
xé4c dinh duoc bo tham s6 khi dong ddy dii cua thiét bi bay. Trong nghién ciru tinh toan
cac hé sd khi dong ciia muyc tiéu bay MTBO1, chiing t6i sir dung cac phuong phap tinh
to4n mo phong sd va ban thuc nghiém véi cic cong cu: phan mém ANSYS Fluent,
DATCOM va xo4y roi rac.

2. MO HINH MUC TIEU BAY VA CAC PHUONG PHAP TiNH TOAN
2.1. M6 hinh khi dong muc tiéu bay MTBO1 va yéu ciu tinh toan

M6 hinh khi dong muc tiéu bay MTBO1 duoc thiét ké theo so d6 hinh chit X, bao
gdm hai ting (tang phong va tang hanh trinh) nhu trén hinh 1. Trong do, chop dau muc
tiéu bay dugc thiét ké dang ogive, trén tang phong dugc lap 04 canh & on dinh, trén ting

hanh trinh (tAng 2) 1ip 04 canh nang va 04 canh diéu khién. Cac tham s6 hinh dang chinh
ctia muc tiéu bay MTBO1 st dung trong tinh toan céc tham so khi dong nhu sau:

- BPuong kinh than: 208 mm;
- Chiéu dai téng thé (2 tang): 2600 mm;
- Chiéu dai tang hanh trinh: 1850 mm.
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Viéc tinh toan tham sd khi dong ctia muc tiéu bay MTBO1 duoc thuc hién véi dai van
toe tir 50 m/s dén 300 m/s, goc tan thay d6i tir 0° dén 10°, bang ba phuwong phap: mo
phong s6 CED trén phan mém ANSYS Fluent, phuong phap xody roi rac va phuong
phap ban thuc nghiém bang phan mém DATCOM.

Hinh 1. M6 hinh muc tiéu bay MTBOI.
2.2. Tinh toan cac tham s6 khi dong muc tiéu bay MTBO1 bing phwong phap mo
phoéng so CFD
Phuong phap mo phong s CFD duya trén giai hé phuong trinh Navier-Stokes bang
cach roi rac hoa. Trong nghién clru nay, phuong phap trung binh héa theo Reynolds voi
mo hinh chay roi k — & dugc st dung [2].

Hinh 2. Phdn b6 luéi quanh muc tiéu bay MTBO1 trong ANSYS Fluent.

Chia luéi tinh toan cac tham sd khi dong muc tiéu bay MTBOltrong phin mém
ANSYS Fluent nhu trén hinh 2. Trong d6, vung tinh toan cho mo hinh dang hinh tru c6
kich thudc dai x ban kinh = 7 m x 2 m. Vi¢c chia ludi dugce thyc hién ty dong dang tir
dién v6i cac tham sé dau vao xéac dinh, & day kich thude ludi 16n nhét trén bé mat muc
tiéu bay 1a 0,05 mm; sat bé mit duoc chia 5 16p ludi véi ti 18 kich thudc ting dan 1a 1,1.
Kich thudc luéi dao dong tur 1,4 tri€u toi 2,2 trigu diém, voi do xién cua ludi nho hon
0,81. Anh huong cua ludi tinh toan td1 d§ hoi tu ctia bai toan cling duoc khao sat cu thé.

Phuong phap mé phong CFD 1a phuong phép bac cao, két qua chinh xac va co do
phan giai cao. Tuy nhién, thoi gian tinh toan ciia phuong phap CFD khé dai (c6 thé vai
gid cho mot truong hop), cac yéu cau vé chia ludi cling kha phirc tap; ngoai ra, mot sb
tham s6 khi dong lién quan téi dao ham theo véan tdc goc khong thé xac dinh béng
phuong phap nay. Do do, phuong phap mé phong CFD chu yéu duoc str dung dé kiém
ching cac phuong phap khac cling nhu dé phan tich chi tiét dong chay trén muc tiéu bay
MTBOI trong mot so trueong hop.

2.3. Tinh toan cac tham sé khi dong muc tiéu bay MTBO1 biang phuong phéap xoay
roi rac
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Phuong phép xody roi rac duoc st dung kha rong rii trong giai doan dau cua qua
trinh thiét ké va ché tao cac loai thiét bj bay boi su linh hoat trong tinh toan va dé dang
trong sir dung. Khi ap dung phuong phap xoay roi rac, cac bé mit nang nhu canh, dudi
déu duoc coi 1a rit mong, phan than s& dugc biéu dién dudi dang chit thap. Khi d6 bé
mat thiét bi bay duoc chia ra thanh nhiéu 6 ludi va trén cac 6 ludi do ta dat cac hé xoay
hinh méng ngwa véi cac vi tri lién két va kiém tra. Diéu kién bién khong thdm dugc ap
dung tai vi tri cac diém kiém tra. Anh hudng cta tinh nén dugc ap dung thong qua phép
bién ddi Prandtl-Glauert. M6 hinh lu¢i muc tiéu bay MTBO1 bang phuwong phép xody roi
rac dugc thé hién trén hinh 3.

Phuong phap xody roi rac la phuong phap béac trung v6i dg chinh xac va thoi gian tinh
toan twong ddi phu hop (khoang 1 phut cho mdi truong hop), do d6, phuong phap nay co
thé sir dung xac dinh bd tham sb khi dong ciia muc tiéu bay MTBOI ciing nhu dé kiém
ching cac phuong phap khac.

Hinh 3. Chia ludi khi dong muc tiéu bay MTBOI theo phuwong phdp xoay roi rac.
2.4. Tinh todn cac tham s‘(‘) khi dong muc tiéu bay MTBO1 bang phuwong phap ban
thuc nghiém trén phan mem DATCOM

B6 phan mém DATCOM duoc sir dung dé tinh toan cac dac trung khi dong ctia cac
thiét bi bay théng thuong theo cac ly thuyét ban thue nghiém [1]. Pay la phuong phap
bac thap véi thoi gian tinh toan ngan. Khi phan mem duogc bién d6i dé chay trong cac
vong lap cua moi truong MATLAB, toan bd bd sb liéu dao ham khi dong co thé thu
dugc trong thoi gian dudi 1 phut.

3. KET QUA VA THAO LUAN

3.1. H¢ s6 lwe can Cx clia muc tiéu bay MTBO1

Céac d6 thi trén hinh 4 thé hién gia tri hé s6 luc can cia muc tiéu bay MTBO1 tai cac
van tc khac nhau theo sé Mach khi goc tan bang 0° va duoc tinh toan theo phuong phap
DATCOM va CFD (Ansys Fluent). Duong kinh ctra ra loa phut cua dong co phong bing
0,39 lan duong kinh than; dudng kinh cura ra loa phut cua dong co hanh trinh bang 0,146
lan duong kinh than. Két qua chi ra rang, trude khi tach ting luc can ciia myc tiéu bay
tang khoang 30% so véi chi c6 ting 2. Ngoai ra, khi dong co hoat dong, luc can giam
dang ké. Sai s giita cac phuong phép 14 trong ddi nho, sai s6 16n nhat 1a 7,4 % tai van
tdc 200 m/s. Cac két qua tinh toan cho théy hé sb luc can cua muc tiéu bay MTBO1 trudce
khi tach ting vao khoang 0,35-0,45 1a kha gan véi luc can ctia mot s6 loai tén lira tuong
tu [3]. Trong bai bao ndy, cac hé sé khi dong duoc dua vé dang khong thir nguyén véi
dién tich dic trung l1a dién tich mat cit than muc tiéu bay, do dai dac trung 1a duong kinh
than muyc tiéu bay.
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Hinh 4. Hé 56 lic cdan ciia muc tiéu bay MTBOI trude (trdi) va sau khi tach tang (phdi)
tai a=0° theo 3 phuwong phap.
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Hinh 5. Hé 56 lwc can ciia muc tiéu bay MTBOI trude (trdi) va sau khi tach tang (phdi)
tai goc tan bang 5°.

3.2. H¢ s6 lwc nang Cy ciia muc tiéu bay MTBO1

Do muc tiéu bay bé tri ddi xing, nén gia tri lyc ndng gan nhu bang 0 trong truong
hop goc tan bang 0°. Khi thay ddi goc tan, luc nang bat dau thay doi. Hé sb luc nang cho
truong hop goc tin bang 5° dugc trinh bay trén hinh 6. C6 thé thiy rang trudc va sau khi
tach tdng, muc tiéu bay co su khac biét twong d6i 16n vé luc nang. Do ting phong co
thém canh dudi, nén hé sb luc nang cia cd muc tiéu bay 1é6n hon rat nhiéu so véi luc
nang cua riéng tang 2.
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Hinh 6. Hé 56 luc ndng ciia MTBOI tai géc tdn a=5° theo phwong phdp CFD.
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Céc dd thi trén hinh 7 thé hién su thay ddi cia dao ham hé sb luc nang theo goc tAn
cua muc tiéu bay MTBO1 v6i cac gia tri van toc khac nhau. Két qua cho thay dao ham h¢
s0 luc nang tinh theo 3 phuong phap c¢6 xu hudng tuong dong va kha sat nhau.
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Hinh 7. Pao ham hé s6 luc nang theo sé Mach triede khi tach tang (trdi) va
sau khi tach tang (b) cua muc tiéu bay MTBOI.

Khi thay ddi canh 14i, lyc nang thay doi, dao ham hé sé lyc nang theo goc léch canh

1ai x4c dinh theo cac phuong phap khac nhau duoc biéu dién trong hinh 8.
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Hinh 8. Bao ham hé s6 luc ndng theo goc léch canh lai cua muc tiéu bay MTBOI.

3.3. Vi tri tam ap cua muc tiéu bay MTBO01
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Hinh 9. Vi tri tam dp ciia MTBOI trueée khi tach tang (trdi) va sau tach tang (phdi).
Vi tri tdm &p c6 vai tro quan trong trong xac dinh dac tinh on dinh tinh cua thiét bi
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bay. Vi tri tAm 4p ctia muc tiéu bay MTBO1 duoc tinh toan thong qua két qua tinh toan
mO men va luc nang khi dong. K&t qua tinh toan v¢€ vi tri tdm ap muc tiéu bay MTBO1
trude va sau khi tach tang dugc trinh bay trén hinh 9.

O day, vi tri tdm ap duogc tinh so v&i miii ciia muc ti€u bay. Co thé théy ri“mg, dé muc
tiéu bay MTBO1 6n dinh thi vi tri trong tam tinh tr m{ii myc ti€éu bay phai nhé hon 1,6 m
trong giai doan phong va nhé hon 1,07 trong giai doan hanh trinh.

3.4. M6 men khi dong cia muc tiéu bay MTB01

Céc hé s md men cua muc tiéu bay MTBOI dugc tinh toan, so sanh, kiém chung
bang cac phuong phap khac nhau. Cac d6 thi trén hinh 10 bi€u dién sy bién thién mo-
men chdc ngoc M, theo goc tan ¢ van toc V = 50 m/s d6i véi moé hinh muyc tiéu bay trude
khi tach tang. Co6 thé thay, két qua tinh toan gilta cac phuong phap DATCOM, CFD (su
dung Ansys Fluent) va xody roi rac la khéd twong dong v6i nhau. Cac moé-men & day
duoc xac dinh doi véi miii cua muyc ti€u bay.
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Hinh 10. M6 men chiic ngéc (trdi) va dao ham hé sé mo men theo goc tan (phdai) cho
muc tiéu bay trudc khi tach tang.
Céc két qua tinh toan mé men khi dong cho tang hanh trinh (tdng 2) cta myc tiéu bay
MTBO1 dugc thé hién bang cac do thi trén hinh 11.
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Hinh 11. M6 men chiic ngéc (trdi) va dao ham hé sé mé men theo géc tin (phdi) cho
tang 2 ciia muc tiéu bay MTBO].
Két qua tinh toan cac dao ham hé s6 mé men theo van tdc goc ciia muc tiéu bay
MTBO! theo phuong phap xody roi rac va DATCOM dugc thé hién trén hinh 12, (phan
mém Ansys Fluent khong thé tinh toan dwgc). Can luu ¥ ring ¢ ddy, cic vén téc goc
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duoc dua vé dang khong thtr nguyén bang cach nhan thém dai luong i , trong d6, L la
d6 dai dic trung va V 1 van tdc.

Truwée tach ting
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Hinh 12. Bao ham hé s6 mé-men theo vin lo‘c\go’c ctia muc tiéu bay MTB0O1
trudc va sau tach tang.
Do thi dao ham hé s md-men chuc ngoc cua muc tjéu bay MTBO1 theo goc 1éch
canh lai xac dinh bdi cac phuong phép khac nhau dugc theé hién trén hinh 13.
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Hinh 13. Bao ham hé s6 mé-men chiic ngéc theo géc léch canh i ciia MTBOI.
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Trén co sé két qua tinh ton va so sanh giira ba phuong phap v6i nhau, nghién ciru s&
dua ra dugc bg so liéu cac hé s6 khi dong cho muc tiéu bay MTBO1.

4. KET LUAN

Tir cac két qua tinh toan cac hé sd khi dong cho muc tiéu bay MTBOI bing cac
phuong phap khac nhau: phadn mém Ansys/FLUENT, phuong phap xody roi rac va phan
mém DATCOM c6 thé rut ra mot sb két luan:

- So sanh céc két qua tinh toan cho thay, cac hé s6 khi dong ctia myc tiéu bay MTBO1
dugc tinh toan bang ba phuong phap kha twong dong, diéu do ching t6 mo hinh tinh
toan da xay dung trong tirng phuong phap la chinh xac;

- Bo hé s khi dong ctia muyc tiéu bay MTBO1 dam bao do chinh xac, c6 thé str dung
b s6 liéu nay trong tinh todn md phong quy dao muc tiéu bay;

- Pé muc tiéu bay MTBO1 dam bao 6n dinh trong qua trinh bay thi vi tri trong tm tinh
tir du mili myc tiéu bay phai nho hon 1,6 m trong giai doan phéng va nhé hon 1,07 m
trong giai doan bay hanh trinh; day 1a mot trong cac yéu cu dit ra cho nhiém vu thiét ké
tong thé myc tiéu bay MTBO1.

Loi cam on: Nghién ciru nay duoc thuc hién voi su hé tro ciia Pé tai déc ldp cdp Quéc gia "Nghién
ceu, thiet ke, ché tao muc tiéu bay co van toc den 200 m/s sw dung dong co tén lira nhién li¢u ran".
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ABSTRACT

DETERMINING THE AERODYNAMIC PARAMETERS
OF A SOLID-PROPELLANT HIGH-SPEED AERIAL TARGET

The Aerial target using solid propellants rocket motors (MTBO1) is researched,
designed and manufactured new types of cruise missiles, controlled, surface to surface,
two-stage solid propellants rocket motors, carrying infrared emission clusters and radio
reflectors, the target is used as a target in training firing for some types of air defense
missiles. This paper presents the aerodynamic results of the Aerial target MTBO1. These
results are the input to the simulation program, which is used to assess the trajectory of the
Aerial target based on the tactical requirements. Through this assessment, it is possible to
determine the parameters of components and devices installed on the Aerial target.

Keywords: Aerial target; Aerodynamic parameters; Solid propellant.
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