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MATHEMATICAL SIMULATION FOR PPT OPErAT1Ou

L.Gomilkra, G.Popov, A.Rudikov.
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"I v'i "at,>e ,i n tlhe accumulator (Uo '' . ; ).

.ar channel v ilime,

va - theraln velocity of "heavy" partic.-

v, - ele trodynamic velocity of "heavy" p:iti .

1 vm - efficient (mean-mass) outflow rat.e

V m - mean rate of plasma high-velocity . ,pion-e:

a - ionization level in the channel,

p - ratiL, of magnetic pressure to a gas--dynamic 2n in the chan-

nel,

(-- mean po tential of breaking chemical bonding' .l: propulsive

Slmass,

(p- mean potential of plasma particles ionization.

r kinetic efficiency,

6 - plama conductivity.

The inrease in operational lifetime of an arti:fi i-l ea'.h sa

to lite and the requirements on its accuirate attit.ud-: s.abilization.

havie .ir.used interest in the development and reation .f varios pulse,

pli- mi b;ruc*i'-ers (PT) of erosion type. At present PF .vi it soli d-sta

S- !i-.otri s as a propulsive mass are c:onsi lered to ..be -he s implest.

PP. : v ;th _.;axial Leometry (e;ficien:cy up to 30-35%) pos.sss tie i es'

ct: ~ei trist ics, but it was possible to obtainT steady outlet chara te-

1 ri, tlc during the resourse output only at energies a ;bov 300-350 J.

Ti r ,:i'e at present PPT of a rail design witi the use of solid-stat-

di let ric as a propulsive mass is considered to be pr'miisinl. Cos

ani tins, reduction on PPT experimental refinement and optimizatloi

Scalls for the development of effective techniques on engineering ana

U
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Suster parameters.

In PPT oi erosion type the delivery of the propu.iv miass froIm a

dielectric surface into a disclharge channel and pl'asma : Is ess.

Lially of non-uniform character in space. It mai- 1 - '1- vloupi .:

:an adequate design-theoretical model to be a r : . ..L:ed

ter. Most of mathematical models on pulsed sources:: I c_ sion plasma,

advian ed earlier, are, as a rule, of qualitative s':rrser. It give:s

no way to use them for solving the optimization problems. Meanwhi i .

when predicting the PPT integral performances, a number of sound

sumptions makes feasible to get true, in a quant ittive sense, de

dence of discharge contour parameters and propulsive mass propertie-:.

In the proposed mathematical model space-nonuniform plasma for

tion in a discharge channel is substituted for uniform equilibrium

plasma which keeps some effective plasma volume. The value of this vo-

lume depends on geometric dimensions of a discharge channel and a zone

of discharge current localization. The size of the latter depends on

the ratio of magnetic pressure to gas-dynamic one, the value which can

be considered as a main factor of space nonuniformity of plasma in a

discharge channel. The effect of space nonuniformity on plasma resis-

tance in the channel and other plasma parameters are taken into acco-

unt by including the auxiliary factors of nonuniformity.

Mathematical description of the operation in the PPT discharge

channel was made at the following main assumptions and premises:

- plasma is three-particulate (atoms, ions and electrons), isot-

hermal and equilibrium with Maxwell's distribution function;

- plasma conductivity is of Spitser character (electron-ion col-

lisions dominate);

- energy is supplied from plasma to the grain surface by the

U
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1

:r ;'' ! blackness delpends inly from pl asma temp rali:: r in s lt iS ~t r

* .d hough the equation

S= 0. IT5

- plasma ionization process is described tro1 ' Sa h equation:

1 - plasma distance inductance during the discharge ;oes not change

and is determined through the equation

L = 2. 10- (1+H)L,

where Lz = 21n((D/Ss)+1), Ss = (DaDk+DaH+DkH), (DaD )

I the size of discharge current locali.linon behind the

ch:annel cut,

-ablating mass is supplied to the discharge chan-el without de-

lay in time,

- kinetic energy of plasma flow is the additive function :of

elect.romagnetic and gas-d:lamic mechanlsms of acceleration.

Mathematical sim n'lat in of the FPT operation includes :ollowing

equa ions:

- Kirchhoff's eq: tio:-: for the RLC-contour

,L+L,, (d dt)+(R+R )i-U = , ( 1

iU/d = .C,

- equation of en rgy :or ohmic losses in plasmar vc'lume

i2'R/S, =e N/) i ({a+a/2 +c+2T), (a)-C/; + T

where e=l,6. 10-' : - electron charge, Kia-coefficiet, taking intco

Sonsideration energy or atoms excitation,

- equaztion of en 'rgy ;or determining mass inflow :rom the walls

into plasma volume at the expense of absorbed radi:ant flow

(6N/6;)ep, l' ETSd,, (3)

- equatiun for chanting the number of "heavy" pa-rticles in the
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dlch1 r nihannel 

(dN/dt) = (6N/6t) - SalVa, (

equation for ionization (Sah's equation)

na2 /(1 -a) = 6. 02 7 T3  2 exp (- pi.F

from hereafter the numerical coefficients in i qTution ' I
v;r:':,ten for the International System of Units:

ti-'ernmal velocity of "heavy" particles

Va = 104 (2T/A)'/ 2, (6)

- electrodynamic velocity of "heavy" particles

Vi = 2. 104 (T(l+pf(Da,Dk))/A )1/2

',here the ratio of magnetic pressure to a dyna.c one Is dete ~ lI

ned tihrough the equation

0 = 6. 10 i2 D/(n(1+a)T), (8)

- plasma distance resistance

R=KR(Sw*l+D)/(6(H+l)Ss)/Lz/2/(l+3)o. 25  (9)

where 6 =2.10 4T3/2 /(30+1,151g(T 3 /(an))),

KR - numerical coefficient.

Geometric parameters of the discharge distance, in particular,

are:

- section area of the outlet

S = DkD,

- dielectric operation area

Sd = 2DH(1-K) + DkDK

where K=0 is for the railtron with the transverse supply of the

propulsive mass grains and K=l for the end railtron with the longitu-

dinal supply of the grain,

- efficient plasma volume

V = Sa(H+1),

I



1= i 1 (l-{) Dv H + 87r 1

Ii 7j,,- io '<,lmine the PPT intergal parame r -',,stem set

5£ -qust 1 (n) 1-, (1) to (9) should h~e added wi quations ros

I Pincti im'' at the expense of gas-dynamic is a so-rmagne tic meC;-

flanisms of ~m acceleration

Ft

P a = lSa InlVa 2 dt, 1 )

* Ft

3 =~ i0 7KP Ii2Ld.1)

0.

p a Pt, (12)

3 .z~~-here F,. i.s the fac tor oi scac on -uni furmi ty ifir et.

- a c o p n . t J f t h e k i n e t i c i s l c

Total nu <s f eavy' parti,. le.-an ions ieavitrig the dis:b1-asc:,

- ;.sriel dv: the time "t" is det-rmirted !by the inte:grals

14 = .Sa I-Iva dt. (13)

0
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Ft

NI = SaKi lnvadt ' I -

0

where K- - coefficient taking into consider- , :: :. ;Kjf-ol bil s ri

on of ions in plasma flow.

Mass of the propulsive mass carried away froi': :.ii cii!nnel per im-

pu lse

m = MN. (15)

Specifi,: PPT parameters are: - efficient ( :: :as plasma out1

low rate

vm= P/m, (16)

- kinetic efficiency

1 = P2/(mCUo 2 ), (17)

- average velocity of plasma quick component, accelerated by

electromagnetic forces

vim = P1/(NIM). (18)

The system set of equations from (1) to (18) presents closed mat-

hematical simulation for calculating PPT integral parameters and disc

harge channel volume-averaged plasma parameters for time interval.

Initial data for PPT calculations were:

- geometric dimensions of the discharge channel (D,Da,Dk.H),

- parameters of discharge contours (C,Rp,LpU o ),

- propulsive mass characteristics (A, pi, pc), for teflon:

A = 16,7, p1  = 15,4B, pc = 4,2B.

Physical model under the discussion is described in a closed sys-

tem set of equations without empirical equation dependensies and coef-

ficients for specific modes of PPT operation. The system set of equa-

tions was solved by using IBM PC numerical calculation technique. In

.3
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I I I I i I

Io lr H Dk Mechanism rm 105 Vm I F effici

I I mm Im rn of I gr/imp. km/sec. I I iency,

S I I supply of I exp/ exper./ I per. exper.
F propellantI calcul. calcul. alcul. calcul. 1

I I F I I F I F
S I Flongi tud.

1 120 8.5 and 110'- 3.3/- O.C' - 5.6/-
I F transver. F

I 2 3 2.2/- 41.0/- 0i. 90 - 118. 8/

I 3 5 12.8/2.9 36.0/38.0 0 0095 0. 110 16. 9/21.

S4 1 8 3.8/4.2 33.0/32.0 0. 126/0. 135 20. 3/21.0

5 150 12 Ilongitud. 14.0/5.8 34. 0/23.0 0. 137/0. 133 19. 0./6.) I

6 24 16.0/9.5 116.5/12.210.100/0.1101 8.0/ 6.51

I 7 35 16.7/11 114.3/ 9.010.103/0.1001 7.7/ 4.01
I I I I U
8 120 12 longitud. 14.6/5.8 32.6/22.910.150/0.133123.5/15.0O

I I I I I I
S9 8 23/22 7.5/7.0 0.17/0.15 9/8

110 30 15 ltransver. 21/19 8.5/8.0 10.18/0.15 9/8 I
111 20 18/17 9.0/8.7 0.15/0.14 10/9 F

I
The comparison of calculation results with experimental data sho-

wed their fair accord. Relative error in determination of PPT integral
parameters on the proposed procedure does not surpass 20%.
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