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Problem’s general information

Application of characteristic’s method for solving the

problem 1n time decreasing case.
The numerical method with bound condition set on
characteristic for solving the problem 1n time increasing

case. Calculations results.

Conclusions.
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(6-1) — compression diagram
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Exact solution in region 1

v = () Rieman’s centered wave (CW)
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Characteristic’s method for solving the problem in
time decreasing case

P S ,,-(t*’ rJ Region 2

Region 1

Solution has constructed.
How the recommendation for experiment can be formulated ?
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Compressing piston’s moving law restoring
algorithgn

%f% - U(t T)v 'J'"f:t, =Ty — dy L.

1. Find the characteristic mesh’s cell
which contain point (7. — dx,t,)
&

1t~'*) -

t
2. Interpolate velocity to (7. — d

e

Solve finite-difference equation of
piston’s trajectory. Calculate new

cross point

4.  Fimsh the algorithm 1f new point 1s on the ﬁ"—ﬂllarac-tcristic of
region 1. In other cases repeat steps 2-4.



Typically mesh of characteristics
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Results obtained 1n case of time decrease

1. Test compression in plane symmetry (v = 0) has calculated.
Calculated values of velocity and sound velocity fully match with

exact solution — Rieman’s CW.

2. The compressing piston’s trajectory definition computational error
1s decreased 1n proportion to the increase i mesh points.

3

3. The calculation results of some other problems in cylindrical and
spherical symmetry are in good agreement with previously
obtained results.

N.S. Novakovskry. One-dimensional math modelmg ot ideal gas strong compression m
R. Mises configurtion.//Mathematical Structures and Modeling. 2016 #3 (39).

10



The time mncreasing case calculations.

r,(1) law 1s given
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1D GDE m Lagrangian mass coordinates.
The implicit approximation
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w(z,0) = 0. E{t") =1/(v(y - 1))

A. D. Gadzhiev, V. N. Pisarev, "“"Romb™: An mmplicit finite-ditference method tor the numerical solution of
the equations of gas-dynamics with heat conduction™ // Zh. V.Mat. Mat. Fi1z..1979. Vol. 19. Ne 5. P. 1288-1303.
A.D. Gadzhiev, S.Yu. Kuzmin, S.N. Lebedev, V.N. Pisarev. The unplicit finite-difference method “Romb™
for solving 2D gas-dymanics equations. VANT. Ser.: Mat. Mod. Fiz. Proc 2001. No.4. C. 11-21.
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Results of calculations by “Romb” method

Symmetry Time moment of magg part maximal compression(t. = 1)
10% 30% 50% 70% 90%
0 0.999980525 | 0.9999889 0.9999921 0.9999953 |[0.999998425
1 0.999983714 | 0.999991876 | 0.999994142 | 0.999996381 | 0.999998857
0. 9999899 0.9999921 0.9999944 0.9999966 0.9999989
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t:099L HH &
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Results of calculations by “Romb’ method
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Computational method for the compression
region only (from piston to characteristic C;").

(2,7

4
1. Get current time’s coordinate of y s e p s s
* !

g L L : R
C(] characteristic using its trajectory 1 :

o

Move the right bound - add new t”+1. .........
interval for computational domain .

fad

Using “Romb™ method solve t
gas dynamics equations i domain
between compressing piston and C
characteristic C(] :

N.S. Novakovskiy. The combined numerical method for zolving the one-dimensional 1deal gas
shock-free strong compression problem in R. Mises configuratton//Mathematical Structures and
Modeling. 2017 #1 (41). 15



Comparison with “Romb ™ results
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Right bound of computational domain 1s C,” v=0
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Right bound of computational domain is C," v=1.2
5 -]
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" " + P " "
Use data on other characteristics C ; obtained 1n time
decreasing case problem solution.

The right bound of computational domain - C;
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Right bound of computational domain 1s ;" v=1.2
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Conclusions

. The compressing piston moving law has been computed using method

of characteristics while solving gas dynamic equations in decreasing
time case. Locally-analvtic in a neighborhood of the point (7, t,) exact

solution was used.

Compression of a sufficiently large mass of gas by piston has been
numerically modeled by finite-ditference method with considering of

new special bound condition on characteristic.

. Solution has been constructed up to tume t,- all gas mass compressed

to a given density.
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Thank you for attention!
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