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TOM TAT

Bai bado xay dzmg mé hinh mé phong CED tinh todn cdc déc trung khi déng ciia thiét bi bay
khong diéu khién, xdc dinh cdc ham khi dong it ung Vdi cac gia tri khac nhau cua dwong kinh vong
can. Voi gia tri ham khi dong nhan duoc, gidi phuo‘ng trinh chuyen dong trong mdt phang ban,
tir do cho phép danh gia anh hwong dwong kinh vong can dén tam bdn cia dan. PY chinh xdc
ciia cdc két qua tinh todn trén mé hinh CFD va gidi phuong trinh chuyen dong dwoc dam bao
bang cdch so sanh véi cac gid tri trong bang ban tiéu chudn phdo binh vé tam bdn tmg véi cdc
gia tri khac nhau cua dwong kinh vong cadn.

Tir khéa: CFD; Vong can; Thiét bi bay.
1. PAT VAN PE

Trong thuc té tac chién phéao binh, dé thay doi tim bén ngudi ta c6 thé sir dung nhiéu phuong
phap nhu thay dbi goc bén, diung dan nhiéu liéu hay dung dan c6 vong can. Tuy nhién, nhiing
nghién ctru cu thé vé anh hudng ciia duong kinh vong can dén tam ban cua dan phan lyc khong
diéu khién lai chwa nhidu. Céc khéo sat tinh toan trong bai bao nay ap dung cho dbi twong cu thé
1a dan phan luc khong diéu khién M21- O®.

Mot sd cong cu xac dinh cac dic trung khi dong phd bién hién nay 13 thoi khi, ditr lidu
DATCOM, mé phong CFD, cong thie khi dong,... Trong nghién ciu ly thuyet phuong phap
CFD c6 nhiéu wu diém nhu d6 chinh xéac cao, chi phi ré, tinh toan duoc nhiéu mo hinh vat bay
phue tap. Bai bao s dung phuong phap CFD trén phan mém ANSYS FLUENT dé xéac dinh anh
hudng cua dudng kinh vong can den mot s6 dic trung khi dong cua dan M21-O®, tir d6 danh gia
anh huong dén tam ban ctia dan. Két qua tinh toan dugc kiém ching bang cich so sanh tim ban
ctia dan c6 vong can véi dir lidu tiéu chuan trong bang ban phao binh.

Nghlen clru nay gop phan lam rd mot sd van dé lién quan dén co so ly thuyet thuat phong
ngoai, phuc vu cho qua trinh thiét ké, ché tao cac loai dan phan luc khong diéu khién.

2. PHUONG PHAP MO PHONG CFD XAC PINH
MOT SO PAC TRUNG KHi PONG CUA PAN

2.1. M6 hinh phwong phap sb
2.1.1. Phuong trinh co ban CFD
Phuong trinh Navier-Stokes cho dong chay co thé nén duoc [1], duoc biéu dién nhu sau:
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Trong do:U; - Van téc dong chay; P, - Ap sudt dong chay; pP; - Mat do dong chay; 1 - Do

nhét dong luc hoc cua dong chay; | - Tenso don vi. Cac ) hang: 1 - Biéu dién ndi luc cta dong
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chay; 2 - Biéu dién ap suat trong dong chay; 3 - Biéu dién lyc nhdt cta dong chay; 4 - Biéu dién
ngoai luc tac dung 1én dong chay.
2.1.2. Mé hinh vt rdn va chia ludi

Pé tinh toan cac dac trung khi dong cua dan M21-O0 bang phuong phap CFD, gia thiét dan
M21-O® la vat ran tuyét doi co6 kich thude nhu trong hinh 1 [2].
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Hinh 1. Cac kich thudc co ban ciia mé hinh dan M21-O®.

Puong kinh vong can duge khao sét 1an lugt 1a 76; 86; 96 va 106 mm dugc lay dua theo bang
ban. Ludi dugce chia ty dong, bé mit tiep xtic duogc (tuong) co hé sb “growth rate” <1.2 [3]; chat
lwong ludi duoc danh gia qua cac thong sd cta ludi nhu skewness (46 1éch), orthogonal quality
(46 truc giao) va aspect ratio (ty 16 mat ludi). Chia ludi cho dén khi cac thong sé trén dat mirc tét.
2.1.3. Cdc diéu kién bién ban dau va dong chdy

Theo [3], cac diéu kién bién ban diu va cac diéu kién vat Iy cia dong chay dugc thiét 1ap nhu
trong bang 1.

Bing 1. Cdc thong s6 ciia dong chay.

Boundary Reference parameters Control volume conditions Solver
condition conditions
Inlet Pressure Fluid material: Static
far field | ¢ - Rocket length Ideal gas; temperature: Density
Pressure . . Viscosity: 288 K based:;
Outlet Outlet Srf + Cross sectional Sutherland Static couple
. area of body Three pressure: solver
Wall No Sip Coefficient 101325 Pa

2.1.4. Xac minh md hinh CFD

bé danh gia tinh chinh xac cia mo6 hinh CFD da thiét lap, tién hélr}h tinh toan ham luc can cia
dan M21-O® trong trudng hop khong co vong can roi so sanh voi két qua tinh toan bang dir liéu
DATCOM, duoc cong bo trong [4]. Hinh anh so sanh dugc thé hié€n nhu trong hinh 2.
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Hinh 2. Ham lyc can xdc dinh theo hai phwong phdap CFD va DATCOM.
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Hinh 2 cho thdy két qua tinh toan bang CFD rat sat v6i két qua tinh toan da dugc cong bf}.
Chép nhén mirc d6 chinh xac cta phuong phap tinh toan, bai bao sir dung md hinh CFD da thiét
1ap dé khao sat anh hudng cta dudng kinh vong can dén cac dic trung khi dong cua dan
M21-0.
2.2. Anh huéng ciia dwdng kinh vong can dén mot s6 dic trung khi dong cia dan M21-OdD

Thyc hién tinh toan cac dac trung khi dong theo phuong phap CFD bang phan mém ANSYS
FLUENT. Két qua tinh toan khi dong ddi v6i mot sé dudng kinh cac nhau cia vong can duge thé
hién trong cac bang 2 dén bang 6.

Bdng 2. Cdc ddc trung khi dong cua dan M21-O® khong vong can.

a=0 a=05 a=1 a=2"

M CXa CXa CYa Cm CXa cYa Cm CXa CYa Cm
0.1] 0468 | 0592 | 0.160 | -0.319 | 0.724 | 0.415 | -0.201 | 0.847 | 0.498 | -0.233
0.2 ] 0460 | 0.573 | 0.144 | -0.324 | 0.692 | 0.374 | -0.187 | 0.810 | 0.449 | -0.217
04| 0449 | 0560 | 0.115 | -0.332 | 0.674 | 0.298 | -0.191 | 0.789 | 0.358 | -0.221
08| 0433 | 0562 | 0.077 | -0.334 | 0.713 | 0.201 | -0.246 | 0.834 | 0.241 | -0.285
1.0 0583 | 0.616 | 0.047 | -0.327 | 0.823 | 0.122 | -0.352 | 1.000 | 0.147 | -0.408
1.1 0.627 | 0.661 | 0.061 | -0.352 | 0.883 | 0.131 | -0.378 | 1.077 | 0.158 | -0.439
14| 0535 | 0579 | 0.056 | -0.319 | 0.817 | 0.158 | -0.353 | 0.956 | 0.189 | -0.409
1.8 | 0476 | 0529 | 0.041 | -0.290 | 0.785 | 0.146 | -0.352 | 0.918 | 0.175 | -0.408
22| 0413 | 0458 | 0.160 | -0.247 | 0.671 | 0.108 | -0.314 | 0.752 | 0.129 | -0.364

Bdng 3. Cdc dac trung khi dong cua dan M21-O® co vong can, dwong kinh vong can 76 mm.

a=0° a=0.5" a=1° a=2"

M CXa CXa CYa Cm CXa CYa Cm CXa CYa Cm
0.1] 0475 | 0.601 | 0.160 | -0.319 | 0.734 | 0.420 | -0.204 | 0.898 | 0.528 |-0.247
0.2 ] 0465 | 0580 | 0.147 | -0.330 | 0.705 | 0.378 | -0.189 | 0.851 | 0.472 |-0.228
04 ] 0455 | 0570 | 0.117 | -0.338 | 0.680 | 0.300 | -0.192 | 0.818 | 0.371 |-0.229
0.8 | 0.442 | 0.567 | 0.074 | -0.321 | 0.702 | 0.189 | -0.232 | 0.893 | 0.258 |-0.305
1.0 | 0.587 | 0.616 | 0.049 | -0.320 | 0.855 | 0.121 | -0.349 | 1.024 | 0.151 |-0.418
1.1 ) 0636 | 0.675 | 0.042 | -0.245 | 0879 | 0.13 | -0.374 | 1.110 | 0.163 |-0.452
14| 0542 | 0.589 | 0.054 | -0.309 | 0.820 | 0.152 | -0.340 | 1.040 | 0.206 |-0.445
1.8 | 0528 | 0.589 | 0.036 | -0.256 | 0.849 | 0.146 | -0.353 | 1.100 | 0.210 |-0.489
2.2 | 0.457 | 0.508 | 0.138 | -0.213 | 0.724 | 0.110 | -0.32 | 1.016 | 0.174 |-0.492

Bdng 4. Cdc dac trung khi dong cua dan M21-O® co vong can, dwong kinh vong cdan 86 mm.

a=0° a=0.5" a=1° a=2"
M| Cxa Cxa Cva Cn Cxa Cva Cnm Cxa Cva Cn
0.1] 0532 | 0.687 | 0.346 | -0.689 | 0.879 | 0.637 | -0.309 | 1.027 | 0.638 | -0.298
0.2 0523 | 0.664 | 0.315 | -0.709 | 0.856 | 0.579 | -0.289 | 0.988 | 0.576 | -0.278
0.4 ] 0518 | 0.658 | 0.251 | -0.724 | 0.854 | 0.298 | -0.191 | 0.974 | 0.458 | -0.283
0.8 0.499 | 0.675 | 0.245 | -1.064 | 0.847 | 0.301 | -0.368 | 0.910 | 0.270 | -0.319
1.0 ] 0.668 | 0.680 | 0.063 | -0.442 | 0.891 | 0.146 | -0.422 | 1.030 | 0.166 | -0.461
1.1 ] 0695 | 0.714 | 0.085 | -0.491 | 0.910 | 0.156 | -0.451 | 1.140 | 0.179 | -0.497
1.4 0599 | 0.655 | 0.099 | -0.565 | 0.854 | 0.205 | -0.459 | 1.114 | 0.138 | -0.298
18] 0.635 | 0.715 | 0.078 | -0.553 | 1.036 | 0.218 | -0.525 | 1.239 | 0.215 | -0.502
22| 0561 | 0611 | 0.031 | -0.477 | 0.917 | 0.156 | -0.454 | 1.026 | 0.154 | -0.435
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Bdng 5. Cdc dac trung khi dong cua dan M21-O® co vong can, dwong kinh vong cdan 96 mm.

a=0 a=05" a=1" a=2"
M| Cxa Cxa Cva Cn Cxa Cva Cn Cxa Cva Cn
0.1 ] 0603 | 0.766 | 0.161 | -0.321 | 0.889 | 0.434 | -0.210 | 1.045 | 0.520 | -0.243
0.2 ] 0603 | 0.750 | 0.148 | -0.332 | 0.871 | 0.392 | -0.196 | 1.016 | 0.469 | -0.227
04| 0597 | 0.747 | 0.118 | -0.341 | 0.863 | 0.312 | -0.200 | 1.005 | 0.375 | -0.232
0.8 ] 0569 | 0.722 | 0.070 | -0.303 | 0.867 | 0.219 | -0.269 | 0.924 | 0.246 | -0.291
1.0 0.686 | 0.727 | 0.042 | -0.295 | 0.896 | 0.118 | -0.339 | 1.066 | 0.147 | -0.408
1.1 0.749 | 0.799 | 0.042 | -0.240 | 0.958 | 0.087 | -0.250 | 1.162 | 0.158 | -0.439
14| 0.666 | 0.715 | 0.052 | -0.297 | 0.948 | 0.143 | -0.319 | 1.374 | 0.321 | -0.695
1.8 0.769 | 0.842 | 0.036 | -0.256 | 1.261 | 0.146 | -0.353 | 1.447 | 0.170 | -0.397
22| 0692 | 0.758 | 0.127 | -0.197 | 1.124 | 0.117 | -0.340 | 1.248 | 0.135 | -0.381
Bdng 6. Cdc dac trung khi dong cua dan M21-O®D co vong can, duong kinh vong can 106 mm.
a=0 a=05 a=1 a=2"

M CXa CXa CYa Cm CXa CYa C:m CXa CYa Cm
0.1] 0.745 | 0928 | 0.175 | -0.349 | 1.100 | 0.441 | -0.213 | 1.281 | 0.533 | -0.249
0.2] 0.758 | 0.923 | 0.158 | -0.355 | 1.084 | 0.396 | -0.198 | 1.267 | 0.477 | -0.231
04| 0.762 | 0.922 | 0.124 | -0.359 | 1.083 | 0.317 | -0.203 | 1.252 | 0.383 | -0.237
0.8 | 0.703 | 0.866 | 0.082 | -0.354 | 0.906 | 0.133 | -0.163 | 0.980 | 0.243 | -0.287
10| 0729 | 0.791 | 0.039 | -0.270 | 0.961 | 0.110 | -0.318 | 1.127 | 0.143 | -0.398
1.1 | 0.807 | 0.807 | 0.044 | -0.254 | 1.044 | 0.117 | -0.336 | 1.231 | 0.154 | -0.427
14| 0.748 | 0.796 | 0.047 | -0.269 | 1.038 | 0.172 | -0.384 | 1.456 | 0.305 | -0.661
1.8 | 0917 | 0.969 | 0.036 | -0.257 | 1.430 | 0.146 | -0.353 | 1.594 | 0.165 | -0.385
22| 0915 | 0.958 | 0.133 | -0.206 | 1.415 | 0.123 | -0.358 | 1.561 | 0.137 | -0.386

Trong cac bang 2-6, cac dai lugng Cx,, Cva, Cn lan luot 13 hé sd luc can khi dong, h¢ sb luc
nang va h¢ s6 mo-men khi dong.

Sy phu thudc ctia hé s6 luc can vao duong kinh vong can twong tmg voi cac goc goc tan khac
nhau dugc thé hién trong hinh 3.

1..

0.8 1

—D=0

=—4=—D=76mm =d—D=86mm
= D=96mm ==@==D=106mm

16 ¢
14 ¢
152:

1+

Cra 08+ — -

0 02 04 06 08 1

Mach

06 +

04+
02+

— =)
egrem D=86mm
==g=D=106mm

e =76 mm
e==D=96mm

o £

12 14 16 18 2 22

25

==g==D=106mm

Mach

0 02 04 06 08 1 12 14 16 18 2 22

Mach

0 02 04 06 08 1 12 14 16 18 2 22

0 02 04 06 08 1

Mach

Hinh 3. Su phu thuéc cua hé 56 lie can Cyg vao duong kinh vong can
tai cdc gia tri khac nhau cia goc goc tan a.
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3. ANH HUONG CUA PUONG KiNH VONG CAN PEN TAM BAN PAN M21-0®

3.1. M6 hinh toan hgc chuyén dong phing cia dan M21-O®

Khi b6 qua bién dang uén, chuyen dong cua dan trong khong khi 1a chuyén (dong khong gian
6 bac tu do; do 1éch bén cta dlem roi thuong kha nho so voi tim ban nén cé thé coi tam ban cta
dan trong khong gian bang tim ban cua dan trong chuyén dong phang [5]. Hé luc tac dung 1én
dan dugc mo ta nhu trong hinh 4.
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Hinh 4. Hé lyc tic dung 1én dan trong qud trinh chuyén déng.

Trong hinh 4: OX,Y,Z, - Hé toa d¢ toc do; OX,Y,Z,- Hé toa d¢ lién két; 6 - Goc nghiéng
véc to véan tde; @ - Goc giita véc truc dan va phuong ngang; « - GOc tin; P - Luc déy; X a,Y_a lan
luot 1a can khong khi, luc nang.

Chuyén dong phing cua dan duoc mé ta boi hé sau [5]:

V:l(PCOSa—Xa—mgsine), a=¢-0,
m

0= 1V(Psina+Ya—mgcos¢9), =V cosé, ()
m

gb:lM y=Vsiné,

Trong d6: m - Khéi lugng dan, 13 dai lugng thay ddi theo thoi gian; |, - M6-men quén tinh
xich dao cua dan. Cac lyc khi dong dugc xac dinh theo cac cong thic X, =q-S-C, ;

2

Y,=q-S-C, M =q-S-1-C, .Trong d6: q - Ap suat dong tac dung 1én dan, q=’0

voi p
12 mat d6 khong khi; S - Dién tich mat cat ngang cua dan; | - Chiéu dai cta dan.
3.2. Anh huéng ciia dwong kinh vong can dén tim bin dan M21-O®

Pé xac dinh tAm bin ctia dan, hé (2) dugc giai dong thoi v6i bai toan thuat phong trong cua
dong co dan M21-O®. Cac quy dao cua dan tai goc ban 30°, so tbc 40 m/s twong Ung vdi cac
duong kinh vong can khac nhau dugc thé hién nhu trén hinh 5.

Témqbén ctia dan & cac goc ban khac nhau twong tng voi cac dudng kinh vong can khac nhau
duogc thé hién trong bang 7.
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Hinh 5. Quj dao ciia dan ¢ géc bén 30°, so toc 40 m/s
twong ung voi cac dwong kinh vong cdan khac nhau.

Bing 7. Tam ban ciia dan M21-O® [m] iing véi cic dwong kinh khdc nhau ciia vong can.

Puong kinh vong Khong 76 86 96 106
can, mm | vong can
Géc bin
10° 7374 7150 6665 6224 5802
20° 13680 13280 12310 11470 10600
30° 16520 16070 14830 13790 12590
40° 18710 18230 16850 15610 14180

Su phu thudc ctia tam ban vao kich thudc ciia vong can ¢ cac goc ban khac nhau duoc thé

hién nhu hinh 6.
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Hinh 6. S phu thudc ciia tam bén vao dwong kinh vong cdn & cdc géc bin khéc nhau.

3.3. Théo luan

Tu hinh 5, 6, mot s6 nhan xét dugc rat ra nhu sau:

- O mdi goc ban, khi co vong can, tam ban cua dan giam. Diéu nay 1a do vong can tao ra sy
chénh ap suat phia trude va sau nd, dan dén tang ap suat tac dung Ién dan theo hudng dong chay,

hay luc céan tang.

- Néu vong can nho thi tam ban thay d6i khong nhiéu so véi khi khong c6 vong can. Khi ting
goc ban, thoi gian dan bay tang, anh hudng cua lyc can dén tam ban ciia dan theo do cling tang.
Noi cach khac, d6 doc cua su thay doi tam ban tang lén.
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- Tam ban cia dan khong c6 vong can va c6 vong can dudng kinh D = 86 mm sai 1éch so véi
gia tri tiéu chuan trong bang ban nho hon 10%. Dicu nay cho thay tinh toan ddm béo d6 chinh
xac can thiét [2].

- Khi géc bén ting, do thi su thay doi tim bén c6 xu hudng sat lai nhau hon. Diéu nay la do
khi goc ban tang, tam ban thay d6i cham dan.

4. KET LUAN

Bai bdo da xdy dyng m6 hinh mé phong CFD cho phép tinh toan cac dac trung khi dong cua
dan, tur do xac dinh sy phy thudc ciia mot sO dic trung khi dong vao duong kinh vong can. Két
qua md ta dung cac dic diém vat Iy ciia dong chay qua vat thé.

Tir cac ham khi dong duoc xac dinh, chuyén dong ciia dan M21-O® trong mat phang duoc
giai dé xac dinh sy phu thudc cta tim bin vao dudng kinh vong can. Két qua cho thiy su phu
thuoc nay gan nhu mot ham don diéu giam, d6 doc ting dan khi tim ban ting; cac két qua tinh
toan déu nam trong sai léch cho phép so voi bang ban ddi voi dan khong c6 vong can hodc ¢
vong can nhu trong trang bi.

Qua cac ndi dung da dat dugc, bai bao da de xuat mot phuong phap khoa hoc cho viéc xay
dung mébi lién hé giira dudng kinh vong can va tim bin cua dan. Diéu nay cung cap mdt phin co
s& 1y thuyét cho nghién ctru mé rong viée sir dung vong can nham thay doi tim bén ctia dan.
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ABSTRACT

Investigating and evaluating the influence of drag ring diameter on the range
of an ungovernable flying device in standard conditions

The article builds a CFD simulation model to calculate the aerodynamic
characteristics of the ungovernable flying device, then determine the aerodynamic
functions corresponding to different values of the diameter of drag rings. With the
received aerodynamic functions, the article solved the rocket's equation motion in the
firing plane, thereby allowing to evaluate the influence of drag ring diameter on the firing
range of the rocket. The accuracy of the calculation results from the motion equation is
evaluated by comparing with the standard values in the artillery firing table about the
range corresponding to the diameters of drag rings.

Keywords: Flying device; CFD; Drag ring.
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