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CEKIUSA 1
®U3UKO-TEXHUYECKUE HAYKH

IMoacexnus 1.1 kocMu4YecKasi TEXHUKA M TEXHOJIOTHH

UDC 629.7.054.07

RELEVANT FUEL TYPES AND COMPARATIVE ANALYSIS
OF TOXIC AND NON-TOXIC FUEL COMPONENTS

Akhmetova G.A.
gulzhanatakhmet@gmail.com
4th year student, L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
Supervisor — D. Yergaliev

Introduction

Currently in our World there are an intensive exploration of space. This requires the
development of various types of new rocket engines both propulsion and auxiliary in a wide range
of rods.

Complex national economic, military, scientific and technical problems are solving with the
help of modern spacecrafts for various purposes. Further effective development of space requires
the development of more reliable and economical rocket engines with parameters and
characteristics which can be competitive on the world market.

There are several steps for performing the basic job requirements. They are selecting the
appropriate motor circuit supply and cooling system, pressure amount in the nozzle exit, the value
of the coefficient of excess oxidant, the permissible level of losses in the combustion chamber and
nozzle.

Rocket engines are divided into solid and liquid rocket engines. Compared with solid rocket
engines, liquid have higher traction than a solid, as it is known that the smaller rod, the more the
fuel consumption. Therefore, they are used for orbiting space rockets into orbit around the Earth
and interplanetary flights. The main liquid fuels for rockets are kerosene, heptane (dimethyl) and
liquid hydrogen. For such fuels necessarily needs an oxidant (oxygen). As an oxidizer used in such
engines nitric acid and liquid oxygen. Nitric acid yields liquefied oxygen at oxidative properties, but
does not require special maintenance temperature during storage, filling and use missiles.

Currently, space programs of all countries are based on the use of the LRE. At the same
time, the fuel used for the LRE is from toxic components, but there was the possibility of replacing
these toxic fuels with kerosene or liquid hydrogen. This idea was considered in 1903 K.E.
Tsiolkovsky's article "Investigation of outer space rocket appliances”.

Here is the definition the what is rocket fuel. Rocket fuel is a material used by a rocket as, or
to produce in a chemical reaction, the reaction mass (propulsive mass) that is ejected, typically with
very high speed, from a rocket engine to produce thrust, and thus provide spacecraft propulsion.
There are the following types of liquid propellant: nitromethane, izopropilnitrat, kerosene, hydrogen
peroxide, hydrazine, organometallic compounds and hydrides of nitrogen, organic amines, alcohols,
petroleum hydrocarbons, organic oxides, metal solutions, boranes, hydrogen.

The choice of fuel components is one of the most important decisions in engineering a rocket
engine, pre-empting many details of the design of the engine and the further technical solutions.
Therefore, the fuel choice for LRE is done with full consideration of the appointment of the engine
and the rocket on which it is established, the conditions of their operation, technology, storage,
transportation to the launch site, and so on.

One of the most important indicators of a combination of components, is the specific
impulse, which is particularly important in the engineering of launch vehicles spacecraft because of
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it is critically dependent on the ratio of fuel mass and the a payload, and hence the size and weight
of the whole vehicle which at not sufficiently high value of the specific impulse can be unrealistic.
Table 1 shows some combinations of the basic characteristics of the liquid fuel components.

Lets consider the basic connection of fuel and oxidizer. Kerosene + liquid oxygen is a
popular and low-cost fuel with super and mature range of engines and fuel infrastructure. It has a
good environmental friendliness. Most engines provide a specific impulse of 300 seconds which is
slightly higher than atmospheric pressure.

Table 1. Combinations of the basic characteristics of the liquid fuel components

The temperature . -
Oxidizer Fuel 'ggﬁs?t\;e[rg]ge(i zl:;l in the combustion Vior;]d ZFI):;TC
g chamber, K P ’
Oxygen | Hydrogen 0,3155 3250 428
Kerosene 1,036 3755 335
Unsymmetrical
dimethyl 0,9915 3670 344
hydrazine
Hydrazine 1,0715 3446 346
Ammonia 0,8393 3070 323
Dinitrog | Kerosene 1,269 3516 309
en Unsymmetrical
tetroxide | dimethyl 1,185 3469 318
hydrazine
Hydrazine 1,228 3287 322
Fluorine | Hydrogen 0,621 4707 449
Hydrazine 1,314 4775 402
Pentaborane 1,199 4807 361

Unsymmetrical dimethyl + nitrogen tetroxide is highly toxic fuel. The specific impulse is
approximately similar to oxygen-kerosene vapor. However, the high combustion stability, the
relative simplicity of the fuel valves, ease of storage, good fuel density, and good energy
characteristics predetermined widespread.

Unsymmetrical dimethyl hydrazine (UDMH, heptyl) is widely used as a fuel for rockets and
spacecraft. It is a colorless transparent liquid with a pungent odor and a boiling temperature 63
degrees Celsius. It dissolves in water and alcohols.

Heptyl (unsymmetrical dimethyl hydrazine, UDMH) is included in a group of widely used in
rocket technology of hydrazine fuels. such as the domestic launch vehicle (LV) "Kosmos",
"Tsyklon", "Proton"; American - family "Titan"; French - family "Arian"; Japanese - family "N";
Chinese LV family "Long March”. As well as in the propulsion systems of manned ships and
automatic satellites, orbital and interplanetary stations, space shuttle "Buran™ and "Space Shuttle".
Hydrazine fuel energetically more efficient compared with the hydrocarbon fuel.

It easily ignites spontaneously with oxidizers based on nitric acid and nitrogen tetroxide,
thus ensuring easy starting and stable operation of the LV engines in a wide range of environmental
conditions.

The compound is characterized by the complex behavior in the environment: despite the
high reducing properties, it is stable and has the ability to persist for many years after the strait on
soil.

Today, efforts are being made on the abandonment from unsymmetrical dimethyl hydrazine.

Liquid hydrogen + liquid oxygen. The low density and extremely low temperature of
hydrogen storage makes it very difficult to use a pair of fuel in the first stage of launch vehicles.
However, the high efficiency leads to widespread use in upper stages of launch vehicles, where the
priority of traction decreases and mass price increases.
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Fuel has excellent environmental ecology. The specific impulse of the best engines in the sea
level is more than 350 seconds in a vacuum - 450 seconds.

Conclusion

Given characteristics of liquid rocket fuel (LRE) appropriate to their working concentrations.
After falling to the ground spent stage is a rapid decrease in the concentration and the
decomposition process of liquid rocket fuel begins under the influence of water, atmospheric
oxygen and solar radiation.
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1 Kypuinvimovlx oymaiinianovlpy aoicmepi

bipHemie oxmictepi Fapblll KYpPBUIBIMJIBIK KAaCHETTEPiH OHTAMIAHIBIPY YIIIH KOJ KETIMJl
Oonbin TalOblIaabl. OHTaAMIBI of1ic ko0anaysl 9p TYpJi TajamnTapra OaiaHBICTBI op TYpJi OOIyBI
MYMKIH. bi3 €H KeH KOJIaHbUIaThIH SAICTEpPAIH YIIEYiH YChIHAMbI3: COHABUY KYPBUIbIMIAp, KOI
(GYHKIMOHAIIBI KYPBUIBIM OHE U30TPHIL.

CoHIBUY KYPBUIBIMIAP KeOiHECe JeHe — KaHKaIbl KYPBUIBIMBIHIA Maiaananbuiaasl. JKeHin
YAIIBIKTapAaH KalaHBINl apachlHAa €Ki MaHesbJAep apKbUIbl jkoOanaHazapl. [laHenbnep amoMUHHMA
HeMece TpaduTTI TaNIBIKTapJaH JKacalblHAIbl. JKOFapel TYpPaKTBUIBIK TIE€H KapCHUIBIKIICH
cunartanaabl. CoHIBUY KYPBUIBIMAP HETI3r1 / OeT maparbl KYpbUIBIMBI T€TepOoreH i OOJIBIIN Kemel,
COHJIBIKTaH >KEPTiIIKTI KYII SCepl MIOFBIPIaHYhl CajlapblHaH aBapHsiapFa YIIbIpanIbl.

Epexiie konnanOanapra apHanfaH YsUIbl COHJABHUY IaHENbJEpP KbICHIM OHE HUTY JKYKTeyl
YIIiH €H >KEHUT YCBIHBIC OOJIBINT TaObLIabl. ¥ sJIbl COHABHY KYKA JKOJIAKTAP/IbI TTalijaiaHa OTHIPHITT
JalbIHIANFaH YSJIbl OKacyllaldapblHaH KypblIaabl. YsIbl TeoMeTpusi OOWIBIK OarbITTa YIJIKEH
KATTBUIBIFBI Oap aHU30TPOITHI OONBIN TaObLIaAbl. bipak, ysAmIbIKTap peTiHle >KUHAIFaH Ke3zeri
KOHCTPYKLIMsFa OOMJIBIK KYILI TYCETiH Ke3Jle M30TPONTH KacHeTTepiH Kepcere OacTaipl. ¥ sIHbBI
naijanaHy KeMIIUTIKTepl KaObIKIIaHbl MOHTaXAAy >KOHE JKbULY THIMAUIIIH >KOFapbLIaTy YILIH
KaxeTTi Oonplm  Tabbumamel. bByn  TuiMCi3giri  KypbUIbICTa  KOJAAHBUIATBIH — KaObICAaThIH
KaOaTTaphIHBIH KBUTYOTKI3TIIITITT TOMEHJCHI KOHE ONTHKAJIBIK >KOHE ailHa adpOFaphIIITHIK
KOCBIMINIAIap/1a YAJIbI )KacayFa ThIMbIM CaJIbIHAIbI.

AJIOMUHUI COHIBHY TAHENbACPI YIIH KEYeKTI aJIIOMUHUM KOOIK MaTepuasbiH
naiinansiHaael. Mimici-bIFBICY KaTTBUIBIFBI CAJIBICTBIPMAIIBl TYpJE IIAFbIH MaHEeNbJIEpP YIUIH KaJIbl
MaHeTbIIK KATTBUIBIFBIH YJIFAUTTHI, SFHU KeMiHgae 70 cm Oomybl KaxkeT. COHIBIKTaH, HETI3Ti
xKoOanaybl COHABHY-TIAHENBJEP LIAFBIH FapBIl ammaparrap YIIiH axbslpamac Oeiri OoJbIm
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