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THE PROBLEM OF THE TANK PRESSURIZATION
WITH HYDROGEN PEROXIDE AND THE APPROACH
TO ITS SOLUTION USING PRODUCTS OF ITS DECOMPOSITION

Aim. To find and confirm the possibility of hydrogen peroxide tank pressurization using high-temperature pressurization gas
(~1100 K) with a high percentage of steam (up to 70 %) without its losses.

Research methods. Mathematical modeling of pressurization system parameters with the theory of mass transfer and thermo-
dynamic of variable mass bodies have been used.

Results. The conducted research allowed us to find and confirm the possibility of using a new pressurization method with
additional sources of heat and elaborate recommendations for its appliance during pressurization time.

Scientific novelty. The main processes have been determined, which prevent implementation of the efficient high-tempera-
ture pressurization system of the tank with the hydrogen peroxide using peroxide decomposition products. The main obstacle
is the volume condensation of vapor in the free volume of the tank when heat exchange processes with boundary surfaces take
place. For the first time, by means of theoretical calculations, the expediency and rationality of using the additional sources of
heat such as high-temperature combustion product of solid-fuel gas generator based on sodium azide have been proved. Using
of this additional source for the first 30 seconds of engine operation has been proved.

Practical value. Methodology of pressurization system parameters’ calculation was supplemented with discovered thermo-
dynamic relation, which allowed us to calculate the amount of vapor and take some measures to eliminate the condensation.
Results of the research allowed the designation of the pressurization system for the highly concentrated hydrogen peroxide tank
with a high value of length to diameter relation with its high-temperature decomposition products.

Keywords: high-test peroxide, pressurization system, condensation of the vapor, decomposition products, high temperature
pressurization gas, saturated steam pressure.

[16]. However, very often, it leads to the sacrifice of
the orbit accuracy of each satellite. Moreover, logis-
tical issues take place. Therefore, it is not surprising
that today the interest in the ultra-light LV class has

Generalia praecedunt, specialia seguuntur

INTRODUCTION

Nowadays, the world’s most popular satellite seg-

ment in terms of mass is only a few tens of kilograms.
Medium-class launch vehicles (LV) may deliver tens
and hundreds of such satellites into orbit per launch

significantly increased. This particular LV class suits
the best for the launching of satellites individually or
in small homogeneous groups. However, the price for
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delivery of one kilogram of payload into orbit by ul-
tra-light LV is significantly higher [4].

In order to eliminate this significant drawback, the
most innovative decisions should be applied during
the design process of such a launch vehicle. Also, all
Cold War period technical stereotypes when some
countries for different political reasons tried to reach
space at any price should be abandoned.

THE AIM OF THE REASERCH

The purpose of this research is to find and confirm
the simplest pressurizing method of tanks with hy-
drogen peroxide by its high-temperature decomposi-
tion products.

The tasks of the research are the following:

¢ Determination of reasons, which cause conden-
sation of the vapor in the free volume of the tank dur-
ing its pressurization with decomposition products of
high-tense peroxide;

¢ Confirmation of the thermodynamic relation,
which allows the exclusion of volume condensation
of the vapor in the free volume of the tank;

e Confirmation of the way to provide conditions
when found thermodynamic relation is fulfilled.

Methods of thermodynamic of variable mass bod-
ies, heat exchange theory, and iteration calculation
methods were used

LITERATURE REVIEW

It is believed that liquid oxygen (LOX) is the cheapest
oxidizer. The fact of the matter is that it is true only
for the factory manufacturing price. LOX attractive-
ness reduces if all additional systems which are nec-
essary to make its usage possible are considered.

It is a well-known fact that the liquid-propellant
rocket engine and helium pressurization systems are
the most expensive parts of the launch vehicle [4].
That is why the design process of these LV systems
should be the most careful and attentive.

It is not surprising that, nowadays, a significant in-
crease of interest in the operation of rocket systems
that run on widespread environmentally friendly
storable propellants has been detected [1]. The most
interesting propellant in this regard is highly concen-
trated hydrogen peroxide — kerosene or highly con-
centrated hydrogen peroxide — alcohol [15]. Cur-
rently, a number of companies are already developing
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an ultralight class launch vehicle based on the indi-
cated propellant (Taimyr, Adler, Skyrora). Moreover,
the European Space Agency has announced a tender
for the development of a thruster that would run on
hydrogen peroxide [5].

Until today, helium pressurization systems (PS)
have found the most widespread use in the world
for pressurizing propellant tanks. The reason for
it is that no special research is necessary for them.
Since 1966 after tragic failures of liquid-propellant
missiles in the USA, the governments have chosen
solid-propellant missiles as a main course of devel-
opment. The financing of liquid-propellant propul-
sion systems almost had been ceased. In the Soviet
Union, on the contrary, liquid-propellant missiles
were chosen as a main course of development and,
as a result, the famous missile R-36M, which is also
known as “Satan”, was created. Gas-stored systems
were not applied for the last two generations of Soviet
missiles, which significantly simplified the design of
the propulsion system and reduced the dry weight of
the missile.

Further, due to the widespread use of helium PS,
the impression of their reliability can be formed.
However, this is far from the case [11]. Failures and
accidents with the loss of payload due to the fault of
helium systems over the past seven years in the world
have occurred much more often than due to the fail-
ure of a much more complicated rocket engine.

Article [9] is devoted to the research of fragment
acceleration modeling during the burst of the pres-
surized tank. Article [7] presents the modeling of
mass and heat transfer during the pressurization of
the tank with liquid hydrogen. Comparison between
helium and evaporated hydrogen have been done.

Particular issues of the use of helium for pressur-
ization have been considered in the technical (pat-
ent) literature. The process of gas pressure drops in
a tank with an oxidizer which takes place after its
prelaunch pressurization with helium, was studied in
the article [8]. The article [17] is devoted to math-
ematical modeling of phase transitions in the system
“cryogenic liquid-free volume of a tank with heli-
um”. It is shown that the phase transition (boiling)
has an insignificant effect on the pressure in the tank.
The research [6] considers different conditions of
hot helium entering into the free volume of the tank.
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The conclusion was made that axial gas injection is
more preferable to the commonly used radial injec-
tion. The failure factor of the system was determined
(decrease of pressure in the tank).

It seems that the simplest way to a tank with hy-
drogen peroxide pressurization is by using its hot de-
composition product. This idea seems to be the most
obvious, but huge issues appear, such as the presence
of steam (up to 70 % of mass) [3]. Due to thermody-
namic expansion work pdV, heat exchange with the
tank structure and propellant surface temperature of
any hot pressurization gas drop immediately. Most of
the water vapor condenses on relatively cold bound-
ary surfaces. In this case, overheating of the alumi-
num supporting the upper bottom of the oxidizer
tank may occur.

This is exactly what happened during the first in
the world development of the first stage pressuriza-
tion system for the RD-214 oxidizer tank which was
powering the first stage of the Cosmos launch vehicle
[12]. This pressurization system used the decompo-
sition product of hydrogen peroxide. The issue with
the upper bottom of the tank was solved by upgrad-
ing its design. A thin-walled steel false bottom was
installed equidistantly to the main bottom with a
minimum gap.

MATHEMATICAL MODELING
AND ITS CONSEQUENCES

In accordance with the canons of thermodynamics,
it is necessary to maintain the average mass temper-
ature of the pressurization gas higher than the tem-
perature of vaporous water pressure in the free vol-
ume of the tank. In other words, the partial pressure
of water vapor in the free volume of the tank during
operation of the liquid-propellant engine should be
less than the pressure of saturated water vapor at the
mass average temperature of the pressurization gas in
the tank.

In our opinion, to achieve indicated state of the
thermodynamic parameters in the tank, there are two
simple ways [13]. The first way is to organize high-
temperature prelaunch pressurization. The second
way is to sustain pressure at the beginning of the
propulsion system operation by means of additional
high-temperature pressurization gas separately or in
combination with decomposed hydrogen peroxide.
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As an additional heat source, the most widespread
sodium azide solid gas-generator was considered,
which would generate almost pure nitrogen (=98 %
N,) [14]. It is commonly used to inflate car airbags.
Taking into account that no coolant is necessary for
our purpose, this gas-generator is getting simpler.
The combustion temperature of sodium azide with
Fe,0; as an oxidizer is about 1550 K and with WO,
is about 1750 K. The pressure-fed propulsion system
will be considered as the most complicated case (tank
pressure is between 45 and 50 bar).

Mathematical simulation of internal tank process-
es was used as a basic one. It is based on the thermo-
dynamics of variable mass. This simulation method
allows determining pressure change in the tank de-
pending on the mass flow rate of pressurization gas
and change of the free volume [10]:

dp k-1] , <
d_]i:T{ Qs +§Iimi_]1ml -

k : léVp
—X&_pV+ ;
kav -1 P (kaz/ _1)2 :|

m; and I, — mass and enthalpy of the gases used for
pressurization; m; and /, — mass and enthalpy of gas
leakage. This term is relevant if the safety valve is
triggered; p — current pressure in the tank; V — the
volume flow rate of propellant; k ,, — average heat
capacity ratio of the pressurization gas may be deter-

mined as:
b= Zmiki

ao zml ’
Qs — total heat flow from the gas, which may be de-
termined as:
QZ = Qp + Qw +Qcon >

Qp — heat flow from pressurization gas to the pro-
pellant; Q,, — heat flow from gas to the tank struc-
ture; Q,,, — heat flow from volume condensation of
the steam.

Heat losses to the boundary surfaces are deter-
mined from the dependences of stationary natural
convection. These are generally accepted assump-
tions today.

In our case, when tank pressurization with decom-
position product of hydrogen peroxide with 70 % of
steam is being considered, the exact evaluation of the
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heat flow from the condensation process is the most
relevant.

In order to make calculations possible, two funda-
mental assumptions were made:

1. All energy that is released during the condensa-
tion process heats pressurization gas in the free vol-
ume of the tank.

2. As soon as the pressure of saturated water vapor
at the average temperature of the gas in the tank be-
comes higher than its partial pressure, the condensa-
tion process stops.

In this case, heat flow from the condensation pro-
cess may be determined as the product of specific heat
of condensation to the mass of condensed steam:

Qeon =1(t)-m.
Taking into account the second assumption, the
mass of condensed steam is an excessive mass in

comparison with its boundary permissible mass,
which may be determined as:

p,(T)V
RII2OT

Mi190; = Migy0iq T My is the amount of steam in
the tank on the previous evaluation step; 7, — the
mass flow rate of steam for pressurization; p (7T) —
saturated steam pressure, which is a function of
temperature; V' — current free volume in the tank;
Ry9o — the gas constant of water vapor; 7" — the
temperature of the pressurization gas in the tank.

It’s evident that the condensation process has a
negative role in the pressurization process. Firstly,
this is a direct loss of pressurization gas which leads to
the necessity of pressurization gas flow rate increase.

Secondly, the temperature of the upper layer of the
propellant increases which causes an increase in sat-
urated vapor pressure. Also, the necessity of the tank

Meon = MHQOi -

Table 1. Calculation of pressurization system
with cold pre-launch pressurization

pressure increase appears in order to provide stable
operation of the pumps.

Let’s consider both ways of heat energy supply in a
more detailed way:

* hot prelaunch pressurization;

* using of high-temperature solid-fuel gas-gener-
ator, which would pressurize the propellant tank in
the initial moment. In this case, the task may be for-
mulated as an optimization of the pre-launch pres-
surization temperature or operation time, the mass
flow rate, and combustion temperature of the solid-
fuel gas-generator, which would be sufficient to meet
the necessary condition.

Let’s consider a pressurization case when the pro-
pellant tank of a pressure-fed propulsion system is
pressurized by means of a hydrogen peroxide decom-
position product. The input data for mathematical
simulation are presented in Table 1.

In this case, pre-launch pressurization is provided
by nitrogen with ambient temperature, which is the
simplest way. Analysis of the results of the mathemat-
ical simulation, which are presented in Figures 1 and
2, prove that the condensation process causes signifi-
cant pressure drop at the initial moment of propul-
sion system operation. Based on these results, a con-
clusion can be made that the condensation process
stops as soon as saturated steam pressure becomes
lower than its partial pressure at the average gas tem-
perature.

Let’s conduct mathematical modeling of the case
when pre-launch pressurization is performed using
hot gas. It will help to increase the temperature inside
the tank higher than the condensation temperature.
Input data for the mathematical simulation is pre-
sented in Table 2. The results of mathematical mod-
eling are presented in Figures 3 and 4.

Table 2. Calculation of pressurization system
with hot pre-launch pressurization

Pressure after pre-launch pressurization, Pa 45-10°
Temperature after pre-launch pressurization, K 310
The mass flow rate of gas for pre-launch pres-

surization, kg-s~! 0.22
Initial gas volume in the tank, I 80

Diameter of the tank, mm 750
The volume flow rate of propellant, s~! 8.36
Propellant temperature, K 293

Pressure after pre-launch pressurization, Pa 45-10°
Temperature after pre-launch pressurization, K 500
The mass flow rate of gas for pre-launch pres-

surization, kg-s~! 0.22
Initial gas volume in the tank, I 80
Diameter of the tank, mm 750
The volume flow rate of propellant, s~! 8.36
Propellant temperature, K 293
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p, 10" Pa

ME’ kg TJ K

50
4518
+ 468
+ 418
+ 368
4 318

0 1 1 1 1 1 1

20 40 60 80 100 120 1,s

Fig. 1. Main parameters in the tank in case of pressurization
with decomposed H,0, and pre-launch pressurization with
cold nitrogen: / — tank pressure, 2 — total mass of the gas in
the tank, 3 — gas temperature on the tank, 4 — temperature
of the dome

M;, kg m, kg/s
16 0.16
12 4 0.12
8 < 0.08
4 - 0.04
0 L 0
50 100 T,

Fig. 2. Pressurization gas losses due to condensation and in-
crease of steam mass in the tank: / — mass of the pressuriza-
tion gas, 2 — loss of pressurization gas due to condensation
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Fig. 3. Main parameters in the tank in case of pressurization
with decomposed H,0, and hot pre-launch pressurization:
1 — tank pressure, 2 — total mass of the gas in the tank, 3 —
gas temperature on the tank, 4 — temperature of the dome

M):’ kg m: kg/S
16 4 0.16
12 =4 0.12
8 40.08
4 - 0.04
0 0
50 100 T,S

Fig. 4. Pressurization gas losses due to condensation and in-
crease of steam mass in the tank: / — mass of the pressuriza-
tion gas, 2 — loss of pressurization gas due to condensation
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Fig. 5. Main parameters in the tank in case of hybrid pressur-
ization system: / — tank pressure, 2 — total mass of the gas in
the tank, 3 — gas temperature on the tank

Table 3. Input data for hybrid pressurization system

Pressure after pre-launch pressurization, bar 45
Temperature after pre-launch pressurization, K 310
The mass flow rate of gas for pre-launch pres- 0.18
surization, kg-s~!

Initial gas volume in the tank, I 80
Diameter of the tank, mm 750
The volume flow rate of propellant, s~! 8.36
Propellant temperature, K 293

Mathematical modeling shows that hot pre-launch
pressurization does not solve the issue of pressuriza-
tion gas loss due to condensation. It is explained by
the condensation of the steam on the fuel surface (the
propellant level is close to the pressurization gas in-
let). This circumstance gives the idea of hybrid pres-
surization system development when the tank will be
pressurized by a solid-fuel gas-generator at the be-
ginning of propulsion system operation. It will allow
choosing the operational time of gas-generator, the

8

M, kg m, kg/s
16 0.16
12 + 40.12
8T 40.08
4t 40.04
0 0
50 100 7,8

Fig. 6. Pressurization gas losses due to condensation and in-
crease of steam mass in the tank: / — mass of the pressuriza-
tion gas, 2 — loss of pressurization gas due to condensation

_— Gas inlet device

/ Guides
/ Float-bump

— Hydrogen peroxide

Fig. 7. Gas inlet device with float-bump

mass flow rate, and combustion temperature, which
would sustain tank pressure until the propellant level
is far from the pressurization gas inlet.

Mathematical simulation of hybrid pressurization
system has been conducted. The gas-generator with
sodium azide fuel will sustain pressure during the first
30 seconds of operation. It will allow us to achieve
the average temperature in the tank, which would ex-
ceed the temperature of saturated water vapor. In this
case, the process of volume steam condensation will
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be eliminated. In Figure 5, data of the pressurization
process with no condensation of steam is presented.

It must be admitted that sustaining pressure within
the required range using a solid-fuel gas-generator
with a constant mass flow rate is rather difficult. In
order to increase the accuracy of pressure sustain-
ing, two gas-generators are applied. The first one is
with constant consumption of fuel, which is equal
to 0.35 kg/s, and the second one is with a profiled
charge, the flow rate of which varies smoothly from
0.3t00.23 kg/s.

In Figure 5, diagrams of the tank pressure, the av-
erage temperature, and the mass of pressurization gas
are presented. In Figure 6, diagrams of steam mass in
the tank and losses due to condensation are shown.
Input data for mathematical simulation are present-
ed in Table 3.

The analysis of the mathematical modeling shows
that the issue of steam condensation may be success-
fully resolved. To do this, the tank pressure during the
first 20—30 seconds of propulsion system operation
should be sustained by the hot dry nitrogen. After
that, the main pressurization system with decom-
posed hydrogen peroxide may start its operation. To
prevent the condensation of steam on the cold pro-

REFERENCES

pellant surface, the special inlet device with descend-
ing float-bump may be applied [2]. An example of
such a device is presented in Figure 7.

CONCLUSION

Thermodynamic relation was found, which in rela-
tion to the pressurization process allows one to ex-
clude the condensation of the vapor in the free vol-
ume of the tank. Both ways of heat energy supply,
which allow keeping this thermodynamic relation
fulfilled, have been proven.

The most complicated pressurization case of the
pressure-fed propulsion system has been considered.
Analysis of the conducted mathematical modeling
allows us to make a conclusion that the issue of the
tank with hydrogen peroxide pressurization by its de-
composition products may be resolved in a way when
no condensation process takes place.

It may be achieved by means of additional support
of the pressurization system which would sustain the
pressure with hot dry nitrogen (the combustion prod-
uct of sodium azide fuel) during the first 20—30 sec-
onds of propulsion system operation. The suggested
system may be improved by means of hot pre-launch
pressurization.

1.

10.

11.

Andriievskyi M., Mitikov Y., Shamrovskyi D. (2017). Organization peculiarities of combustion chamber cooling of the
rocket engine which runs on hydrogen peroxide. Aviatsionno-kosmicheskaya tehnika i tehnologiya, No. 5, 60—64 [in Rus-
sian].

A. s. 190290 SSSR, MKI F02k 11/00, B64D 37/24. Device for pressurizing the tank with hot gas. Yu. A. Mitikov, V. A. Mo-
seiko, L. A. Ostashev. No. 2216292/23; declared 03.09.83; opubl. 09.05.83 [in Russian].

Belyaev N. M. (1976). Pressurization systems of the rockets’ tanks. Moscow: Mashinostroenie, 336 p. [in Russian].
Degtyarev A. V., Kushnarev A. P., Popov D. A. (2014). Small space launch vehicle. Kosmicheskaya tehnika. Raketnoe vooru-
zhenie, No. 1, 14—20 [in Russian].

de Selding P. B. (2016). SSTL Developing Non-toxic Thruster ahead of Possible European Hydrazine. Spacenews.
Hermsen R., Zandbergen B. Pressurization system for a cryogenic propellant tank in a pressure-fed high-altitude rocket. 7th
European conference for aecronautics and aerospace sciences (EUCASS).

Jiachao Li, Guozhu Liang. (2019). Simulation of mass and heat transfer in liquid hydrogen tank during pressurization. Beijing:
Beihang University, School of Asronautic.

Kim K. H., Ko H. J., Kim K., Jung, Y. S., Oh, S. H., Cho, K. J. (2012). Transient thermal analysis of a cryogenic oxidizer
tank in the liquid rocket propulsion system during the prelaunch helium gas pressurization. J. Eng. Thermophys., No. 21(1),
1—15.

Manning T. A., Lawrence S. L. (2017). Fragment Acceleration Modeling for Pressurized Tank Burst. California: NASA Ames
Research Center, Moffett Field.

Mitikov Y. (2015). Mathematical modeling of super cold pressurization system parameters for tank with kerosene. Aviatsi-
onno-kosmicheskaya tehnika i tehnologiya, No. 5, 42—46 [in Russian].

Mitikov Y., Andriievskyi M. (2013). Modeling of the parameters of the oxygen pressurization system of a tank with kerosene.
Aviatsionno-kosmicheskaya tehnika i tehnologiya, No. 1, 84—89 [in Russian].

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2021. T. 27. No 5 9



M. V. Andriievskyi, Y. O. Mitikov

12. Mitikov Yu. A., Antonov V. A., Voloshin M. L., Logvinenko A. I. (2012). Ways of the reliability and safety of missile systems
operation improvement. Aviatsionno-kosmicheskaya tehnika i tehnologiya, No. 3(90), 30—36 [in Russian].

13. Patent of Ukraine No. 121267. IPC B64D 37/18, F02k 9/50. Mitikov Yu. O., Andrievsky M. V. How to pressurize the tank
with storable oxidizer. No. a201806567 from 11.06.2018, opubl. 27.04.2020, Bul. 8.

14. Smirnov L. A., Silin V. S. (1993). Gunpowder, mixed solid fuels, pyrotechnic products and explosives for peaceful purposes. Ed.
V. A. Zheltova. Moscow: TsNIINTIKP.

15. Ventura M., Mullens P. (1999). The Use of Hydrogen Peroxide for Propulsion and Power. A/AA. 2880.

16. Voit S. N., Serbin V. V., Mitikov Yu. A., Prisyazhny V. 1., et al. (2018). History and commercialization of aerospace industry.
Dnepr. Dominanta print, 88 p. [in Russian].

17. Wang L., Li Y., Li C., Zhao Z. (2013). CFD investigation of thermal and pressurization performance in LH2 tank during
discharge. Cryogenics, No. 57, 63—73.

Cmamms naditiwna do pedakuyii 10.02.2021 Received 10.02.2021
Ilicas doonpayrosanns 15.09.2021 Revised 15.09.2021
Ipuiinamo do opyky 11.10.2021 Accepted 11.10.2021

M. B. Andpiescokuii 2, actiipaHt, Hau. BiImilTy IBUTYHOOYIyBaHHS YKpaiHChKOTO (imiany
E-mail: andrievsky.ukraine@gmail.com

10. 0. Mimixoe?, 3aB. Kadenpu, I-p TeXH. HayK, JOLIEHT

E-mail: mitikov2017@gmail.com

I Skyrora Ltd, Enun6ypr, Benuko6putaHis
2 TninpoBchbKuil HallioHATBHMIT yHiBepcuTeT iMeHi Onecst [oHuyapa
np. larapina, 72, Auinpo, Ykpaina, 49010

HIUTAXW BUPILIUEHHA ITPOBJIEMU HAJAYBAHHA BAKIB
3 MEPEKMCOM BOJHIO ITPOJIYKTAMMU MOI'0 PO3KJIALY

Meta poOOTU — 3HAXOIKEHHS Ta 00T PYHTYBaHHSI CITIOCOOY BUKOPUCTaHHSI BUCOKOTeMIIepaTypHoro poooyoro Tisia (~1100 K)
3 BEJIMKUM BMicTOM BoastHOI mapu (10 70 %) 6e3 BTpaT poGOYOro Tijla HaaayBaHHS TS TTAJTMBHOTO Oaka BEJIMKOI JOBXUHHU 3
BUCOKOKOHIIEHTPOBAaHUM TIEPEKNCOM BOITHIO.

Metoauka. 1151 mocmimkeHb BUKOPUCTOBYBABCS METO MaTEeMaTUYHOTO MOJICTIOBAHHS MapaMeTpiB CUCTEMU HaTyBaHHS
3 BUKOPUCTAHHSIM Te€Opii MacomnepeHocy i TepMOIMHAMIKY TiJl 3MiHHOI MacH.

Pesynbratu. [IpoBeacHi nocnimKeHHs JO3BOJIMIM 3HAWTH i OOTPYHTYBATH CIIOCiO HaIIyBaHHS 0aKy 3 BAKOPUCTAHHSIM J10-
JIATKOBUX JIKepeJs Teria i BUpOOUTHU peKOMeHAallii 11010 Yacy IXHbOTO BUKOPUCTAHHSI.

Haykosa HoBu3HA. BrzHaueHO OCHOBHI TIPOIIECH, SIKi 3aBaXarOTh BIPOBAIKEHHIO BUCOKOE(EKTUBHOTO CITOCO0Y HaJITy-
BaHHS 0aKa 3 BACOKOKOHLIEHTPOBAHUM [EPEKMCOM BOAHIO MPOAYKTAMMU 11 pO3KJIady. Y meplily uepry 1e o0’eMHa KOHAEeHC allis
BOJISIHOI TTapy B 0aKy Mic/isi BAKOHAHHS TEPMOJMHAMIYHO1 pOOOTU BUTMCKAHHSI TTaJIMBa i TEMIOOOMiHHUX MTPOLIECiB 3 TpaHUY -
HUMM MOBEPXHSIMU. Briepiiie po3paxyHKOBO-TEOPETUYHUM IILISIXOM TOBEICHO AOIIJIBbHICTD i pallioHATbHICTh BUKOPUCTAHHS
JIONATKOBUX JKepes Telljla Ha MPUKJIaAi BUCOKOTEMMepaTypHUX MTPOIYKTiB 3TOPSTHHS TBEPAOINAIMBHOIO ra3oreHeparopa Ha
OCHOBI a3uay HaTpiro. OOGIPYHTOBAHO YaC BUKOPUCTAHHSI IIbOTO Teria — repiii 30 ¢ po6oTH IBUTYHHOI YCTAaHOBKY B YMOBaxX
pPOOOTH TIEPIIIOTO CTYTICHST paKeTU-HOCIsI.

IIpakTuyne 3HaveHHsi. ba3oBy MeTONMKY pO3paxyHKy TMapaMeTpiB CUCTeM HAIAyBaHHS JOMOBHEHO TEPMOAMHAMIUHUM
CITiBBiTHOIIIEHHSIM, SIKE JJO3BOJISIE pO3paxyBaTH BEIMYMHY 00’ €MHOI KOHIEH ATl i BXXMTH BiITIOBITHUX 3aXOIiB 714 i1 yCyHEH-
Hs1. OTpUMaHi pe3yabTaTy J03BOJISIIOTh CIIPOEKTYBATH CUCTEMY HalayBaHHS Oaka BeJMKOI JOBXMHM 3 BUCOKOKOHIICHTPOBA-
HUM MEPEeKNCOM BOJIHIO ITPOAYKTaMU ii PO3KJIagaHHsI.
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H$I, BUCOKOTEeMITepaTypHe poboUe Tiio, TUCK HACUYEHUX TapiB.
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