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Raketa?

SOLID ROCKET GRAIN GEOMETRY

Burning
surface

Burning surface

Internal star-shaped burning surface
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Solid propellant I
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Alebo drahy ohnostroj?

SOLID ROCKET GRAIN GEOMETRY

End-burning surface configuration

EBurning surface
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Nosecone Separation
From Booster

100 km Karman Line — Edge of Space

Engine Cut-Off at
38 seconds Drogue Parachute

Deployment

Main Parachute
& Deployment
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https://youtu.be/HMcJ1MmIl6yc
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http://www.youtube.com/watch?v=HMcJ1Mml6yc
lubo.lanator
Typewriter
https://youtu.be/HMcJ1Mml6yc
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Credits: Getty Images’s
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Sokova vlna - ideme rychlejsie ako rychlost’ zvuku

=

Supersonicky: Mach > 1
Hypersonicky: Mach > 5
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Columbia, 2003

Credits: NASA
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Major Components in Dry Air [vol%]

! Argon 0.93% ‘ ’m
atom/ . _—

molekula

| Oxygen20.95%

M Nitrogen
M Oxygen
M Argon

| Other

“ Nitrogen 78.08%

The Engineering ToolBox

www EngineeringToolBox.com
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Major Components in Dry Air [vol%]

\ Argon 0.93% | | Other 0.04% |
atom/ =

molekula

| Oxygen20.95% |

. M Nitrogen
omnoho vysSia
M Oxygen
teplota
M Argon
€ o
m Other
atom+/
molekula+

| Nitrogen 78.08%

The Ennineering ToolBox

www EngineeringToolBox.com

31



Zlozenie?

" Recirculation
region :
Recompression

-@))))3 Expansmn shock

\ S 32
\ -

.
o
\“m“



atom/
molekula

omnoho vysSia
teplota

atom+/
molekula+

m-3)

10%

22

107" B

21
10 B
20 [

10°
E 10
- lOIS
1017
10
10
10
10
10
11

10

16

Number density

14

10

Annaloro & Arnaud Bultel 2019

TT IO T VT T TIT
t +

9

I15¢

13 F

12 |

5 4

| f'
(i

i 0~ 10° I

10° 10’
Position from the shock front (m)

10° 10"

33


https://www.researchgate.net/profile/Julien-Annaloro?_sg%5B0%5D=W946N2y6P4y0e-Y77x1xxylh_jUPbJpHof1QVPiCMUl-CWSMy2j9FgckkXKyiEYk46D1C3Q.A4oytWiGgM_pBvItRM_c_Vv_8gB9NH0VlUXpzP8aBI2nW1eLaCF640pTBl1n53R1RsxkvDbnz8NVKahmeXfIyg&_sg%5B1%5D=OQiaOrC7r8ygXdqwgyCLwsbTkC8N1g50SDibFgRlB7nfEnHhyEXHpgUc8HXYth7fq0tHiII.nhgYpEAml6a_ESjQQ92ssIf_KAPUIjjHfx4d02N4J_vbqrX_GrL0XkBtPqVVVcm6MFNGDrz9BsTBFhOlIl7Cuw
https://www.researchgate.net/scientific-contributions/Arnaud-Bultel-13483216?_sg%5B0%5D=W946N2y6P4y0e-Y77x1xxylh_jUPbJpHof1QVPiCMUl-CWSMy2j9FgckkXKyiEYk46D1C3Q.A4oytWiGgM_pBvItRM_c_Vv_8gB9NH0VlUXpzP8aBI2nW1eLaCF640pTBl1n53R1RsxkvDbnz8NVKahmeXfIyg&_sg%5B1%5D=OQiaOrC7r8ygXdqwgyCLwsbTkC8N1g50SDibFgRlB7nfEnHhyEXHpgUc8HXYth7fq0tHiII.nhgYpEAml6a_ESjQQ92ssIf_KAPUIjjHfx4d02N4J_vbqrX_GrL0XkBtPqVVVcm6MFNGDrz9BsTBFhOlIl7Cuw

Co je vobec teplota?

1 ‘ ( 1
1 1
1 1
1 1
1 - 1
//’ \\\ ,’ \\
| ¥ R .
i
1
1

Elektronicka energia Translacna energia Rotacna energia Vibrac¢na energia

Ak tieto nie sU v rovnovahe, koncept teploty straca zmysel
Teplota je potom definovana ako elektronicka, translacna, rotacna, vibracna a
specificky pre kazdy typ latky
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Temperature (K)

Annaloro & Arnaud Bultel 2019
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Parameters of the rate coefficient

k(T,) = AT} exp(—B/T,) expressed in m*s

Elementary processes Alm’s'K™ x B(K) References

CO2(X'E]) + CO2(X'E]) — CO:('E]) + CO2(X'E]) 7.443 x 107 1.069 40854  Equation (12) of Ref. |
CO:(X'E}) + CO2AX'E]) — COx('Au) + COA(X'E]) 6995 x 107 1.078 45089  Equation (12) of Ref. |
CO;(X*E]) + COx(X'E]) — C0,('E;) + CO:(X'E]) 6467 x 107 1.064 49311 Equation (12) of Ref. |
€0, (L) + COx(X'E}) — CO,(*A,) + COH(X'E]) 1.073 x 107 1.466 2996 Equation (12) of Ref. |
00;('E}) + COx(X'E}) — CO(*E;) + COyX'E]) 2531 x 107 1.408 6800 Equation (12) of Ref. |
CO;(’Ay) + CO2(X'E]) — CO;(*E]) + COxX'E}) 1.067 x 107 1.465 3005 Equation (12) of Ref. |

CO;() + CO(X'EY) — CO,(j) + CO(X'EY)
CO:(i) + O('P) — CO2(j) + O('P)

CO(X'E*) + COy(X'E]) — CO(I'E") + COy(X'E})
CO(X'EY) + COy(X'E]) — CO(D'AT) + CO,(X*E])
Co(X'zh) + cog(x'):*) — CO(a"L*) + co,(x'}:*)

CO(X'E*) + oog(x'z*) — CO(d*A) + CO3(X'E})

co(x'z* )+co (x'): )-»co(r}: )+ CO: (x‘z )

CO(X'E*) + O(*P) — CO(i) + O(’P)

CO(X'E*) + COy(X'E}) — CO*(X*E*) + e + COz(X'E])

CN(X*EL') + CO(X'E") — CN(DIT) + CO(X'E™)
CN(X2E*) + CO(X'E*) — CN(EL*) + CO(X'E")
CN(X2E*) + CO(X'E*) — CN(F?A) + CO(X'E*)
CN(XE*) + O(*P) — CN(i) + O(’P)

C(X'E]) + COX'E") — G(@T1,) + CO(X'EY)
GX'E]) + CO(X'EY) — cz(b’z;) +CO(X'EY)
G(X'E]) + COX'EY) — G(A'TL) + CO(X'E?)
G(X'E]) + CO(X'E") = G(PE]) + CO(X'EY)
G(X'E]) + COX'E") — G(C'IL,) + CO(X'ET)
C(X'E]) + COX'E") — (') + CO(X'ET)
GX'E]) + CO(X'E") — G(D'E]) + CO(X'EY)
G(X'E]) +O('P) — Gy(i) + O(P)

G(X'E]) +O('P) — COX'E*) + C('P)
G(X'E]) +0('P) — co(@M) + C(*P)

G(X'E}) +O('P) — CO@L*) + C('P)
G(X'E]) +O('P) — CO@A) + C(*P)

G(X'E]) +0('P) — COEE) + C('P)
G(X'E}) +O('P) — CO(D'A") + C('P)
Cy(d*I1g) + O('P) — CO(X'E*) + C('P)
0;(X’%;) + C(’P) — CO(@'I1) + O(*P)
0:(X’%;) + C('P) — CO@’L*) + O('P)
0:(X’%;) + C('P) — CO(@A) + O(’P)

0:(X’%;) + C('P) — CO(£E") + O('P)
oz(x’z )+ C(’P) — CO(D'A") + O(’P)

Keo, e copx) = 1134 x keo, oo, x0x; )
kco, o0’ B= 1.370 x koo, (1)+00,(X'E} )

1131 x 10” 1.097 87895
1.032 x 107 1.102 83990
2648 x 107 1.054 75823
1.678 x 107 1.075 82791
1.235 x 107 1.092 86815

Koo oy = 1-297 X keogscouix'zy)
1202 x 107 1817 14479

3320 x 107 1.050 73953
2201 x 107 1.067 30608
2063 x 107 1.070 81556
kexgyeore = 1167 X kg coprsn)
1150 x 107 1.498 488
3.086 x 107 1.403 7136
2,060 x 107 1.364 9885
1325 x 107 1276 17056
8.859 x 107 1.072 46841
7.263 x 107 1.049 55493
6450 x 107 1.044 59371
Keuysore = 1161 X ke copoxs)
7.760 x 107" -0.541 0
6272 x 107 -0.541 11936
5331 x 107 -0.541 21831
1137 x 107 -0.541 29406
6.037 x 107 -0.541 33849
4163 x 107 -0.541 36262
7.662 x 107 -1259 -14466
9.606 x 1077 0 348
8118 x 1077 0 1024
1.732 x 107'¢ 0 1782
9.291 x 1077 0 1919
6314 x 107° 0 2127

Equation (12) of Ref. |
Equation (12) of Ref. |
Equation (12) of Ref. |
Equation (12) of Ref. |
Equation (12) of Ref. |

Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. 1

Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. |
Equation (12) of Ref. 1
Equation (12) of Ref. 1

Equation (12) of Ref. 1
Equation (12) of Ref. |
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Rate coefficient™
Rate coefficient™
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. 1
Equation (12) of Ref. |

Model len dusika v atmosfére Zeme

Elementary process

Parameters of the rate coefficient

Na(X'TH) + e-— N, (AT ) + e
No(X'EF) + e = Ny(BIL,) + e
Na(X'SH) + e Ny (W3A,) + e
Na(X'EH) + e Na(BPE5) + e
N(UZ]) + = No(a') + e
NZ(X:): )+ e = Ny(a'Tl) + e~
No(X'E
NZ(X'Zi) + e N,(GPA) + e
NZ(X'ZS_) +e —»Nz(C3H )+e
No(X'EF) + e = Ny(B'EF) + e
Na(X'EH) + e aNa(XZEﬂ +2e
Na(X'EH) + e -»Ni(Azn )+ 2¢
N(X'ED) + e N (B22) + 26
No(X'Zf) + e —»Na(DZH,) +2e”
No(X'Ef) + e"—= N3
Na(a''%5) + e-—NCD) £ NCD) + e
N(a'TL,) + e—N(D) + NCD) + ¢
Nay(w'AL) + e-—NCD) + NCD) + e
No(GA,) +¢==NCS) +NCD) + e~
No(E*E]) + e~ >N(S) + NCD) + e
NF(@'E5) + e=>N('S) + N*CP) + e
N (DIL) + e-—N(*S) + N*(P) + e~
ﬁiiﬁi S

+ e =N; +e
No(X'EF) + Ny (X'EH) Ny (WPA,) + Ny (X'EF)
:z(xig )+gz(xi§ )—’gz(B':é‘: )+§12(Xl'2+)
Nzglz&; it Nzglzﬁg—.ﬁ:'n )): N 2(%24’)
NoXIEH) + Ny (XD o Ny (' A) + Na(XI55)
NI + Na (X' TH) Ny (GPAL) + Na(X'E5)
NZ(X'E&) LN (XIEH N (CIL) + Na (XI5
N, (X'E}) + Ny (X'E )N (BEf) + Np(X'EF)
N(D + (N, or N)>N(j) + (N, or N)
N*(i) + (N; or N)=N*(j) + (N; or N)
N(i) 4+ (N3 or N)=N*(j) + (N or N) 4 e~

kof Eq. (1), m* - s~
A a B Reference

2.233x 1071 0.717 71,493 A, a, and B derived from , VRP
3.977x 107'¢ 0.280 85,958 A, a, and B derived from [30], VRP
1.063 x 1078 0.843 85,327 Aa and B derived from [30], VRP
1.430x 10717 0.492 95,079 A, a, and B derived from [30]], VRP
6.802 % 10712 0.788 98,471 A, a, and B derived from [30]], VRP
2305 x 10717 0.529 99,272 A, a, and B derived from [30], VRP
)+ e =N, (w' A,‘) +e 9.319x 10717 0.330 103,923 A, a, and B derived from [30], VRP
4.960 x 10714 -0.119 127,901 A, a, and B derived from [30], VRP
4413 %1074 -0.111 129,395 A, a, and B derived from [30]), VRP
1.562 % 1072 0.907 137,419 A, a, and B derived from [30]), VRP
2750 x 1071° 1.500 178,027 A, a, and B derived from [30], VRP
2953 1071% 0.714 193,623 A, a, and B derived from [30], VRP
3.817x 107" 0.822 216,810 A, a, and B derived from [30], VRP
1.888 x 1071% 0.603 255,026 A, a, and B derived from [30], VRP
C25) + 2¢- 2200 10-18 0599 273,610 A, a, and B derived from [30], VRP

2254 x 107! —0.500 71,166 g)

2.013x 101! —0.500 69,426 )

2052%x 107! -0.500 65,470 )

7.922x 10712 —0.500 15,683 )

7.789 x 10713 —0.500 3,202 )

1.743 x 107! —0.500 64312 )

1.114x 1071 —0.500 26,438 @

)
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Nevznika nova hmota (1x)
Nevznika nova hybnost’ (3x)
Nevznika nova energia (1x)
Platia Maxwellove rovnice (4x)
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Chceme zistit chemickeé zlozenie, rychlosti, teplotu, tlak...



Co funguje v tekutinach?

Nevznika nova hmota (1x)
Nevznika nova hybnost’ (3x)
Nevznika nova energia (1x)
Platia Maxwellove rovnice (4x)

Chceme zistit chemickeé zlozenie, rychlosti, teplotu, tlak...
Tie sa lisia z miesta do miesta, ale mozno si geometriu vieme rozdelit’ na
malé kusky, v ramci ktorych sa moc nemenia
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Tie rovnice riesime v tychto malych “bunkach” geometrie
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1 0.0306234

rho

0.4
0.210406
0.110677

0.0161084
0.00847326
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0.001233223
0.0006487
0.000341226
0.00017949
9.44147E-05
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BLUE ORIGIN
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Bakalarska praca, 2018
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Hlavneé poziadavky na design:

Vediet’ obehnut Zem aspon raz bez poriadneho pohonného systému
Vediet' “sa odrazat” od atmosféry

Hmotnost do 500kg

Cena do 120e6 dolarov

Znovu-pouzitelné

i
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Takashi et al. 2016
Data Relay Satellite

Radio Frequency Blackout
(Cutoff of communication)
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“Sedem minut hrozy”



“Sedem minut hrozy”

- Posun kvoli vzdialenosti
-- Neschopnost’ komunikacie
- Obrovské zahrievanie

Vieme s tym nieco



MEESST project

Takashi et al. 2016
Data Relay Satellite

Radio Frequency Blackout
(Cutoff of communication)
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Co treba k uspesnej vesmirnej misii?

Vyletiet
Preletiet
Doletiet
Prezit’

LN~
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Earth to Scale




“Slneény vietor”

Credits: NASA ©6
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Numerické modelovanie
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Credits: NASA 76
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Tritium + Deutérium — Hélium + neutrén + 17.6 MeV

=
el b | I W =il
O - magaa0
T
~©
©
T
T
“
‘\9
T

i
ey
F]

'

aacs
T
ERE

o WP

~WARI

-
Qv
Q|
T
¢
A
/

-
)
5

-
1
|3
]
i
| 1
.

' =

J Proton ‘He \9
D Neutron Gamma ray Y

Positron Neutrino 1

Credits: ITER 79



80



Smoothed Sunspot Number
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