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Ciolkovskeho rovnice
kterou ovSem jako prvni zformuloval britsky matematik

Willlam Moore
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kde m, je poCateCni hmotnost rakety, m, je zUstatkova hmotnost
po spotrebovani paliva, v, je vytokova rychlost zplodin raketoveho
motoru.

SpeCIfICk)’/ impuls — pomeér tahu a spotieby paliva za

jednu sekundu
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Strmy start — velké gravitaCni ztraty
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Plochy start — odpor atmosféry stoupne se vzrustajici rychlosti az 9x,ale stale
je vyhodnéjsi pro podstatné mensi gravitaCni ztraty
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Raketove motory na kapalna paliva
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Obr. 1. Schéma mot Fetlak i
vou dopravou pa:?va e L INERINI .PWN
ESEEER KAPALNE OKYSL.
KPH EER PLYNNE OKYSLIC,
: Obr. 2. Schéma motoru s dopravou EESEEH KAPALNE PALIVO
E PLYN SPA[NE F:LYNY pallviturboferpadly EERR PLYNNE PALNVO
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Paliva pro kapalinove

motory

Tabulka ii. Vlastnosti jednosloZkovych KPH

Litka Chemicky Bed Bod Hustota Specificky
vzorec téni varu (g/em?®) impuls gy
Q) (9 (N.s/kg)
nitrometan CHiNO2 —-29 101 1,14 2500
hydrazin NH2—NHa2 10114 101 1950
etylenoxid CaHsO -111 1 087 1950
tetranitrometan C(NOas)« 13 126 1,64 1775
peroxid vodiku H202 — 05 150 1,46 1620

Specificky impuls je udan pro tlak 7 MPa ve spalovaci komofe.

Tabulka II. Fyzikédlni viastnosti n&kterych okyslicovadel

Nizev Chem. Bod tdni Bod varu Hustota
vzorec  (°C) (°C) (g cm®)
kyslik Oz —218 —183 1,14
fluér F2 —223 —188 1,50
perfluorchydrazin N2Fs —163 - 73 165
oxid dusiity N204 -1 21 145
peroxid vodiku H20: - 05 150 146
dymava kys. dusitnd ~ HNOs  — 56 60 158
Tabulka 1V. Fyzlkélm vlastnosti nékterych pallv
Nazev Chemlcky Bod tini Bod varu Hustota
vzorec (°C) (°C) (g/cm®)
vodik Ha —259 253 0,07
diboran BaHs —166 — 93 0,45
pentaboran BsHs — 47 38 0,63
amoniak NHs - 78 - 33 0,82
hydrazin® NHz2—NH2 1 114 1,01
monometylhydrazin CHsNH—NHz — 52 88 2,90
asymetricky
dimetylhydrazin®  (CHs)saN—NHz2 — 58 63 2,79
raketovy petrole]
RP-1 (kerosin) H(CHa)yH — 46 16022300 D08

* Béiné poui(vana smés 50 % hydrazinu a 50 %, asym. dimetylhydrazinu se ozna-

Zuje nizvem Aerozine 50.
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Tabulka V. Specifické impulsy ls; n&kterych dvousloZkovych KPH (N .s/kg)

Palivo
= <
s = o 8
Okysli¢ovadlo g o a ,.E.; 2 Eec \;“'F.E
aos B 3 E oy §@-"g - Te%E
© P~ 0 © B X
LT s g § & £F §2- fph8
kyslik 3835 3375H 3140H 2895 3070 3050 3040 2950
fluér 4020 3640H 3530H 3510 3560H 3385H 3315H 3110
perfluorohydrazin 3565 3335H — - 3265 H - - —
oxid dusigity 3340 — 2970 H — 2855 H - 2795H 2710
peroxid vodiku (90 %) 3160 — 3020 H — 2790 - — 2710
dymavié kys. dusicna 3135 — — - 2740H - 2620 H 2520
Specificky impuls je uvidén pro tlak 7 MPa ve spalovaci komofe a 0,1 MPa v Gsti trysky. g ¥
Pismeno H oznafuje hypergolickou smés.
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Motory na tuha paliva
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Obr. 5. Motor 3 Zelnim hofenim Obr. 6. Motor s kanidlovym hofenim

—

Paliva homogenni — bezdymny strelny prach, nitroceluloza, nitroglycerin

Paliva heterogenni — okysliCovadlo (KNO;), kau€uky a polyuretany
s pfimésemi praskovych kovu
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Kosmickeé rakety fady Vostok: ) ' SOm

1 - Sputnik; 2 - Luna; 3 - Vostok; 4 -Voschod;
6 ~Luna, Venéra; 6 - Sojuz; 7 - Progres
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Sputnik — 280 t mohla vynést
1500 kg

Vostok — pridan treti stupen - az
5000 kg nebo 1500 kg
kK Mésici

Sojuz — 7500 kg
Sojuz U — do dneska 700 startu

Proton —az 25t
Kosmos — SS20

Zenit - Ukrajina
Energija - zruseno
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Americké rakety

Atlas, Delta, Juno Kistler , LMLV Athena, Minotaur, Scout,
Titan

Raketa Titan
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Zavod o Mésic

MNadrt rakety N-1
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Saturn V a Apollo
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Varignty rakety Ariane 4 — verze 40 bez pridavnych motord; varze 42P se dvéma navasnymi molory
na TPL; verze 44P se &tyfmi ndvésnymi molory na TPL; verze 42L se dvéma ndvésnymi molory na
KP!(.; verze ;:’II-P se dvéma ndvésnymi motory na TPL a dvéma na KPL, verze 44L se EtyPmi navésnymi
motory na

- H H O H H K
| AN
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ARIANE

Ariane multiple Launch structure
{SPELTRA)

DASA

Storable propellant stage (EPS)
DASA

Equipment bay

MATRA MARCONI SPACE

Two-stage lower section

$So8id propellant angine
()
AEROSPATIALE

Maln cryogenic stage.
EPC]
AIRCSPATIALL

Vulcain engine
sep

Solid propellant englne
EURCPROPULSION
[FIAT/SEP)
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Boowter feat 21}

Origins and organization
The upper posii In Nevember of 1987, the Europ
o Ministers meeting ¢t the Hogue
CRROKON CONTRAVES [Netherlends) agreed to the
development of Aricne 5.

France, Germany, ltaly, Belgivm,
Spain, The Netherlands, Sweden,
Switzerland, Norway, Austric,
Denmark and the Republic of Ireland
have each contributed financially to
development of the new launch
vehicle.

The organizetion is as follows :

ESA diredts the overall progrom.
CNES manages Aricne 5
development on behalf of ESA.with
Aerospuciale acting as the Industrial

Architect.

Affer successful completion of two
test flights, Arianespace will assume
total responsibility for the
management of preduction,
marketing end launch operations,
The lecd contraciors include
AEROSPATIALE, SEF (SNECMA
censortium), DASA, FIAT, MATRA
MARCCNI SPACE, OERLIKON-
CONTRAVES, EUROPROPULSION,
SNPE, MAN...

NULCAIN motor fest
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Japonska H2

nsky Dlouhy Pochod

Indicka GSLV
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Sea Lunch
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Datum Poznamka

Prosinec 2017  Nepilotovany oblet Mésice lodi MPCV (Orion)

Srpen 20192 Pilotovany oblet Mésice s lodi MPCV

Srpen 2022

Srpen 2023

Srpen 2024 Prvni start SLS v nakladni konfiguraci
Srpen 2025 Pilotovana prizkumna mise

Srpen 2026 Nakladni let

Srpen 2027 Pilotovany let

Srpen 2028 Nakladni let

Srpen 2029 Pilotovany let

Srpen 2030 Nova konfigurace, nakladni let

Srpen 2031 Pilotovany let

Srpen 2032 Nova konfigurace, nakladni let



http://cs.wikipedia.org/wiki/Multi-Purpose_Crew_Vehicle
http://cs.wikipedia.org/wiki/Space_Launch_System
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http://www.spacex.com/dragon
http://www.spacex.com/dragon
https://www.youtube.com/watch?v=sYmQQn_ZSys
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e esa european space agency s
agence spatiale européenne

S:A

BATIMENT REMPLISSAGE ET
ASSEMBLAGE SATELLITE

SPACECRAFT FILLING AND
ASSEMBLY BUILDING
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