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Abstract

To model the movement of an aviation penetrator, it is necessary to know the coefficient of
the drag and the coefficient of the lift force. The article presents a method of calculating them using
the geometric dimensions of the penetrator. The obtained values of the coefficients are compared with
those obtained when blowing a penetrator in the aerodynamic tube. By the sustainability criterion is
determines the degree of damping of the penetrator. The results of modeling the movement of the
penetrator show, that the mathematical model of motion can be used to solve the task of targeting.

1. Introduction

The mathematical modeling of a penetrator requires information on the
drag coefficient and the lift force. The article offers a method of calculating them
using the geometric dimensions of the penetrator.

2. Results

The test is conducted for a penetrator with the following characteristics:

- ©® =21.39s, characteristic fall time;

- ms=64 kg, mass; ds=0.203 m; S5 :ﬂéz 0.0324 m?% L.=0.835 m;
4
- H&=0.397 m; Hq=0.40 m; D¢ = 0.205 m.

Ballistic coefficient "c" is determined by form. [3, 7]:

(D) co(e-a)l =1.4649,

K

where a, k are coefficients (a =20.202; k = 0.811).
The coefficient of form i is determined by form [2]:
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2 i :%10_3 =2.275.

6

For the standard drag coefficient, the Siachi law Cyx (M = 0) = 0.255 [7] is
used. The coefficient of resistance Cx, is determined by formula [4] and for
aviation penetrator it equals:

(3) Cyx=0.5801.
Through the analytical formula [4]
(4)  C,=2[C% +0,0051_-1)+Ah_, +B,(d,, -13)].

the impedance coefficient Cxpa is determined.
The relative dimensions of the penetrator are:

L, =4.1133 H, =19557; ; _Dg =1.0099;

| - "h = Per
K d6 CcT d6 CT d6
h _H =1.9704,

K d6

The values c§6 and A are determined by [5, 7] and the following values
are taken:

c9,=0.053; A = 0.0646.
The coefficient B; is determined by form. [4]:
B, =-0,0274h,, +0,0319 = —0.0209.

The front of the penetrator has a flat shape, i.e., hy = 0, then the calculated
value of Cyy, is increased by 0.2 [4]. Since the tailpiece of the stabilizer has feathers
and two rings, calculations are made for a box stabilizer.

For the coefficient of drag impulse Cx»a We obtain:

(5) C,s. = 2[C% +0,00521_-1)+ Ah,, +B,(d,, —1,3)]+0,2=0,6032.

When blowing a model of a aviation penetration at M = 0 for the
coefficient of impedance Cxo, the following result is obtained:

(6)  Cxno=0.5701,

The values of the drag coefficients Cx, and Cuwa are close to the value of
Cxwo determined by blowing the model.
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This indicates that the proposed methods using the reference drag
coefficient and using the geometric dimensions of the penetrator can be used to
calculate the elements of the penetrator trajectory.

As a result of blowing the aviation penetrator pattern at different angles of
attack, the following results for the coefficient Cx, (o) of drag resistance (Table 1
and Figure 1) are obtained.

Table 1. Dependency of Cys(a)

as, 0 5 10 15 20 25 30 35 40
deg.

Cyxs | 05701 | 0.5701 |[0.6185|0.7653 |1.1172 |1.762|2.7876 | 4.2819 | 6.3326

1

[

0 5 10 15 20 25 30 35 40
o, degr

Fig. 1. Relevance of the coefficient Cxb (ab) of the impedance of the angle of attack ab

Using the Saichi law as a reference law for the change of the resistance and
the results of the Table 2, the dependence of Cyx, (M, a) (Fig. 2) is obtained. For the
conditions under consideration it is assumed that the coefficient of the form is
constant.

Table 2. Dependency of Cys(M, o)

Ca(M0) | =0 | 02 0,4 0,6 0,8 1

@=0" |05701 |0.5701 | 0.5824 | 0.5892 | 0.6484 | 1.2422
10° 0.6185 | 0.6185 | 0.6209 | 0.6282 | 0.6913 | 1.3243
20° 1.1172 | 1.1172 | 1.1216 | 1.1347 | 1.2486 | 2.3921
30° 2.7876 | 2.7876 | 2.7985 | 2.8313 | 3.1156 | 5.9687
40° 6.3326 | 6.3326 | 6.3574 | 6.4319 | 7.0776 | 13.5592
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Fig. 2. Dependency of Cys(M,a)

For the coefficient Lift Force of the formula [6, 7], its values for different
angles of attack were calculated (Table 3, Figure 3).

Table 3. Dependency of Cys om a5

% | o 5 10 15 20 25 30 35 40
deg

Cys | 0 | 04740 | 0.8958 | 1.2656 | 1.5833 | 1.8490 | 2.0625 | 2.2240 2.3333

25

) 5 10 15 20 25 30 35 40
o, degr

Fig. 3. Dependency of the coefficient C,s om as

Using the sustainability criterion [4], the degree of damping of fluctuations
is determined:

K(S) = 0.2885,

which satisfies the condition of sustainability.

As a result of the mathematical modeling of the aviation penetrator
movement under different start conditions, the deceleration time of the penetrator
attack angle ab, the coefficients of: the drag resistance Cx, the lift force Cy, and the
moment m; (Figs. 4-10).
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When solving the penetrator motion equations for conditions A = 0°,
H =500 m, V = 180 m/s, oo = 4° the oscillation damping time t = 0.82 s
(ap =0.01°), (Fig.4). The Cy coefficient of the drag impedance changes
insignificantly (from 0.5895 to 0.5845), (Fig. 5).

The coefficient of Lift Cy, and the coefficient m, of the moment diminish
analogously, as the angle of attack (Figs. 6, 7).

2=0; H=500, m; V=180, m/s; a,=4 [degr]

ag [degr]

t[s]

Fig. 4. Dependence of (ab) from time (t)
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Fig. 5. Dependence of Cy from time (t)
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Fig. 6. Dependence of C,s from time (t)

121



A=0; H=500, m; V=180, m/s; a,,=4 [degr]

0.2 0.4 0.6 0.8 1 12 14

t[s]

Fig. 7. Dependence of m; from time (t)

2=0; H=500, m; V=180, m/s; a =4 [degr]
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t[s]

Fig. 8. Dependence of m; from time (t)
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Fig. 9. Dependence of a5 Cys Cys u M, from time (t)
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2=-30% H=500, m; V=260, m/s; o.,=4ldegr] =-30% H=500, m; V=260, m/s; o.,=4[degr]
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Fig. 10. Dependence of as Cys Cys u m; from time (t)

3. Conclusions

The results of the mathematical modeling of the movement of the aviation
penetrator (shown in the above figures) lead to the following conclusions:

1. As the penetrator starts up, the damping time of ab decreases and the
frequency of oscillations increases;

2. By increasing the initial attack angle a0 of the bomb, the Cy, coefficient of
the resistance of the penetrator changes insignificantly;

3. The character of the change of the coefficients Cyp, m; is the same as the

angle of attack ow;

With an increase in the angle of latency A, the decay time of ab decreases;

The damping time of ab does not depend on the height of the penetrator.

o ks

The results obtained show that the aviation penetrator pattern created can
be used to solve the task of targeting.
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PE3YJITATH OT MOJAEJIMPAHE HA IBUJKEHUETO
HA KOCMHUYECKHU ITIEHETPATOP

C. Cmoiikos

Pe3rome

3a MojenupaHe Ha JABM)KCHUETO HAa KOCMHYECKH IEHETPATop € HeoOXo-
JUMO Ja ce 3Hae Koe(HUIMeHTa Ha YEIHO CHIPOTHBIICHUE M KOe(HUIMCHTa Ha
moxeMHaTa cuia. B crarmara ce mpezsiara METOJ 3a TSXHOTO W3YHCIISIBaHE 4pe3
reOMETpUYHHUTE pa3Mepu Ha meHerpaTtopa. [lomydenute croifHOCTH Ha Koedu-
IIUCHTUTE CE CPAaBHSBAT C TE3W IOJIYUCHU NpU OOTHYaHE HA MOjEJa Ha TCHETpa-
Topa B aepoauHamMu4dHa TpbOa. Upes KpuTepus 3a yCTOMYMBOCT € OIpelerieHa
CTETIeHTa Ha 3aTUXBaHE Ha KoyieOaHMsTa Ha TieHeTpaTopa. [lomyyennrte pesynratu
OT MOJICTTUPAaHE Ha JABMKCHHETO HA TICHETPaTOpa IMOKa3BaT, Y€ MaTeMaTUYECKUSAT
MOJIENT 3a JBIDKEHHE MOXKE Ja C€ U3MOJ3Ba 3a pellaBaHe Ha 3ajadaTa Ha
MIpUIIEeTIBaHE.
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