Cubupckuil scypHan Hayku u mexvoaoeui. Tom 18, Ne 2

UDC 621.454.2
Siberian Journal of Science and Technology. 2017, Vol. 18, No. 2, P. 328-337

INFLUENCE OF LAUNCH PARAMETERS OF LIQUID ROCKET ENGINE
ON THE BALANCE OF AXIAL FORCES IN THE TURBOPUMP

E. N. Belayev, A. G. Vorobyev

Moscow Aviation Institute (National Research University)
4, Volokolamskoe Sh., Moscow, A-80, 125993, Russian Federation
E-mail: formulal av@mail.ru

In the process of launching a liquid rocket engine (LRE) and on the modes of its deep throttling of thrust, the prob-
lem of balance of axial forces in the turbo-pump assembly (TPA) is the most important. The reason is the pumps and
turbine work of the engine in non-nominal modes, and, consequently, the appearance of unbalanced excess of axial
forces acting on the bearings of TPA. To reduce the axial loads in the TPA, an automatic discharge device (ADD) is
used, the task of which is to reduce the axial impact on the bearings due to the action of hydrodynamic forces. In the
process of working in the ADD, friction of the surfaces, which forms a hydraulic gap, is not allowed, otherwise it can
lead to the local combustion.

The object of influence is LRE RD-120 developed by “NPO Energomash named after academician V. P. Glushko” [1],
working on liquid oxygen-kerosene components, with afterburning of the oxidizing gas-generating gas scheme.
The pneumatic-hydraulic scheme of the engine, the TPA design, the working principle of automatic discharge device
are presented. Using the example of the LRE RD-120, the effect of axial forces acting on the angular contact ball bear-
ing located on the side of the turbine TPA is considered.

When the engine was developed, it was established that under some launch conditions it is possible to contact sur-
faces in the discharge device. In the article authors identify the conditions of contact in ADD and try to study the effect
of the launch parameters of the LRE on the gap size of the working surfaces in the discharge device. For the theoretical
analysis of the problem, a dynamic mathematical model of a liquid rocket engine is used.

Mathematical modeling of engine start-up with nominal and early entry into operation of the combustion chamber
was studied. The results show that with early starts of combustion chamber, there is a significant temperature rise in the
gas generator, which can lead to the ignition of the nozzle or blades of the TPA turbine. Modeling the launch of the
LRE with a change in the closing pressure of the oxidant supply valve to the pre-pump turbine booster, shows that this
provides a longer operation of the oxidizer pump with a reduced hydraulic head, and allows changing the balance
of axial forces during the engine launch and, as a result, prevent the full closure of the working gap in the ADD.

Keywords: liquid rocket engine, balance of axial forces, engine launch, turbo-pump assembly, automatic unloading
device.
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B npoyecce 3anycka scuokocmnoco pakemuo2o 08ueamens u Ha Pexcumax e2o 2iy6oKkoeo Opoccenuposanus msaeu
Haubonee ocmpo ecmaem 8ONPoOC bANAHCA 0cesblx cuil 8 mypooHacocHom azpezame (THA). Omo ceaszano ¢ pabomoii
HACOCo8 U MypouHbl 08U2amens Ha HEPACYEINHBIX PEHCUMAX U, KAK C1edCmaue, eedem K 603HUKHOBEHUIO HecOaNaHCUpo-
BAHHBIX U3DLIMOUHBIX 0CEBIX CU, OeliCmEYIoWuUX Ha paouarsHo-ynophvle noowunnuxku THA. [na ymenvuenus ocesvix
naepysok 6 koncmpykyuu THA npumensiiom agmomamuyeckoe pasepyzounoe ycmpoticmgo (APY), 3adaua komopozo
YMeHbUWUmb 0cegoe 8o30elicmeue Ha NOOWUNHUKY 34 cyuem O0eticmeus 2u0poouHamuieckux cui. B npoyecce pabomui
6 APY Hne Oonyckaemcs mpeHue nogepxnocmei, o0pasylowux 2u0pagiuieckuti 3a3op, 8 HPOMUSHOM Clyyae 3mo
Modicem npusecmu K MeCIMHOMY 60320PaHUIO.

Paccmompen JKPI] PI-120 paspabomku AO «HIIO Duepeomaws umenu axademuxa B. I1. I'nywxo», pabomarowjuii
HA KOMNOHEHMAX «HCUOKUL KUCTIOPOO — KEPOCUH», BLINOIHEHHBIL NO cXeMe ¢ Q0HCULAHUEM OKUCTUMETbHO20 2a302eHe-
pamopHoeo easa. [lpedcmasnena nheemocudpasnuieckas cxema dgueamens, konempykyus THA Oosueamens, npunyun
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pabomul u ycmpoticmeo asmomama pasepysxku. Ha npumepe 3anycka JKPI] P/[-120 paccmompeno Oeticmeue 0cegblix
Cus, 0eticmeyruux Ha paoudaibHO-YNOPHbIN NOOUUNHUK, PACHOLONCEHHbI O cmoponbl mypounst THA.

Ipu ompabomxe dgucamens ObLIO YCMAHOBLEHO, YMO NPU ONPEOENEHHBIX YCI0BUIX BO3MONCEH KOHMAKM HOBEPXHO-
cmetl 6 asmomame pazepysku. Llenvio cmamou sigisiemcs gvisigienue yenosutl konmaxkma 6 APY u ucciedoganue gnusinus
napamempog 3anycka JKP/] na eenuuuny 3a30pa paboyux nosepxHocmell 8 agmomame pasepysku. Jlis meopemuseckoz2o
AHANU3A NOCMABIEHHOU 3a0ayU UCNOb3YemCs OUHAMUYECKas Mamemamuyeckas mooens JKP/].

Iposedeno mamemamuueckoe MOOEIUPOBAHUE 3ANYCKA O8ULAMEIsL CO WMAMHBIM U PAHHUM GCMYNJIeHUeM 6 pabo-
my xkamepuvl ceopanusi (KC) nymem nodauu xomanovl Ha omkpwvimue Kianana eopiovezo. Iloxkazano, umo npu pannem
secmynaenuu KC ¢ pabomy nabnodaemcs cyuecmeeHHblll meMnepamypHulii 6CHIECK 8 2A302€HEPAMOope, Ymo MOAICem
npusecmi K 60320panuio COnl08o2o annapama uau ronamox mypounst THA. Mooenuposanue s3anycka KPJ ¢ usmene-
HUem 6eIUUUHbl 0A8NEHUs 3aKPbiMUs K1anana nooayu okuciumens Ha mypouny BHA O noxasvieaem, umo smo obecne-
yusaem 0Oonee OIUMENbHYIO PabOMY HACOCA OKUCIUMENS ¢ NOHUIICEHHbIM HANOPOM U NO3BOJAEm USMEHUmb Oanauc
0CesbIX CUNL 8 npoyecce 3anycka 08ueameis U, Kak ciedcmeue, e 0ONYCMumy NOIHO20 3aKpblmusi pabouezo 3a30pa

6 APY.

Kniouegvie cnoea: sicuoxocmuulii pakemuulii 0gueamens, 6ANAHC 0CEBLIX CUT, 3aNYCK 08ueamens, mypOOHACOCHbLU
azpezam, agmoMamuieckoe pazepy304Hoe YyCmpoucmeo, agmomam pasepy3Ku.

Introduction. In the process of developing new liquid
rocket engines by construction departments and research
organizations many problems of constructional, techno-
logical, industrial and experimental character are ought to
be solved. One of them is to provide the high efficiency
and safety of turbo-pump assembly operation during the
working and guarantied engine’s functional period. It was
proved in practice that final adjustment of powerful
engines is the most difficult problem of safe turbo-pump
assembly operation and it is necessary to unload the angu-
lar contact bearings from axial forces acting on them.

In the process of launching a liquid rocket engine
(LRE) and on the modes of its deep throttling of thrust,
the problem of balance of axial forces in the turbo-pump
assembly (TPA) is the most important. It is connected
with the fact that on the design stage of TPA the calcula-
tions of balance of axial forces are usually done for the
nominal engine operation condition. The value of axial
forces in the process of launching a liquid rocket engine
depends on TPA rotor angle speed; regime parameters of
engine’s operation that are much higher in modern LRE;
values of fuel components leakage especially on the shaft
from the pump cavity in the direction of turbines; princi-
ple of engine start and others. These points prove the im-
portance and complexity of the problem of axial forces
minimizing that influence angular contact bearings at the
launching phase in order to enlarge their operational
period.

Setting up the problem. One of the first test flight of
LV Zenit failed due to improper operation of LRE second
stage of RD120 (fig. 1.) During the engine launch stage in
the cavity between oxidizer pump and the turbine of TPA
the burning appeared. Several versions of the fire cause
were suggested. One of the main causes was a possible
shut of the working gap in automatic unloading device
of axial forces that resulted in steel surfaces friction. The
version was proved both by the fire point and data of fault
detection of finishing engines. After firing test of engines
and their disassembly in some of them on mating surfaces
of ADD that compose the working gap of the automat
were found some tarnishing that proves a short contact of
working surfaces in ADD.

How to avoid the possibility of contact of mating
surfaces in ADD was the main question. It was obvious
that at the launching stage of RD-120 engine there was
a need to change the balance of axial forces in TPA
between the oxidizer-pump and the turbine. As a conse-
quence the production time of LV Zenit could signifi-
cantly change. The modifying of force diagram would
require to change the construction scheme of mating
oxidizer-pump and the turbine, reconstruction of TPA,
conduction of hydraulic testing and on-land working out
with fire testing of the engine etc. The aim was to find the
solution that would exclude the contact in ADD at the
launching stage of engine without reconstruction of TPA
and replay mode of the engine on firing stand.

ADD construction. The construction of TPA LRE
RD-120 (fig. 2) presents the oxidizer pump location, the
turbine and automatic unloading device of axial forces
that helps to minimize axial loads on angular contact
bearing. Shaft bearings (angular contact bearing 2 and
angular bearing 4) of TPA are installed in a special hub 7
and work in the oxygen flow that specially fed by the gap
between the hub and the turbine starter. Oxygen fed to
cool the bearings is taken at the outlet of pump pressure
line O (fig. 3, 4). After cooling of angular contact bearing
oxygen passes to automatic discharge device, then passing
through the angular bearing comes to the disk area of im-
peller. From this area on specially drilled guides in the
pump cover the oxygen accumulates in the collector and
then by means of pipeline goes to output area of BPA O.

To reduce the axial force on angular contact bearing
the automatic discharge device is used (fig. 5). Its parts
are hub 1, sealed in the hub copper graphite ring 3 (in-
serted later) and disk 2.

Surfaces on the ring and the disk make a variable fron-
tal working gap d,pp. The gap divides the cavities of high
p1 and low pressure p,. With the appearing of axial force
R (directed to the turbine) the rotor moves and the gap
size 6,pp in ADD will decrease. In this case the pressure
pi tises as the pressure lost at transfer of fluid through the
gap into ADD will rise. This increase the axial force Fapy
inversely directed (towards the opening of a working gap)
on the discharge device and the rotor will tend to return to
the base state.
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Fig. 1. Pneumatic hydraulic scheme LRE RD-120 [1-8]:
1 — oxidizer pump; 2 — TPA turbine; 3 — cut-off valve of oxidizer feed to BPA; 4 — fuel valve of CC;
5 — fuel throttle; 6 — volume regulator; 7 — supply valve oxidizer to GG; 8 — valve of fuel feed to GG

Puc. 1. ITneBmorunpasimnyeckas cxema JXKPJ P/1-120 [1-8]:
1 — Hacoc oxucmurens; 2 — Typouna THA; 3 — kinanaH nepexpbITHs ofauy OKACTIUTEN K TypOrHe BHA;
4 — xmanan roprogero KC; 5 — npoccens roprodero; 6 — perynsaTop pacxoma; 7 — KiamaHa ITOJadqH
oxucaurens B I'T; 8§ — kianan nonauu roprouero B I'T’

Fig. 2. The construction of TPA LRE RD-120: 1 — turbine; 2 — angular contact bearing; 3 — oxidizer
pump; 4 — angular bearing; 5 — inlet of oxidizer for cooling of bearings; 6 — inlet of oxidizer after cooling
of bearings; 7 — ADD hub; 8 — ADD disk

Puc. 2. Koncrpykuus THA JXKP[I P/1-120: 1 — Typbuna; 2 — paauanbHO-YIOPHBIA NOMIUITHUK; 3 — HACOC
OKHCIHTENSA; 4 — paJHaJbHBIl NMOALIMIHMK; 5 — BXOJ OKHCIHMTENS VIS OXJIAXKICHUS NOALINITHUKOB;

6 — BBIXOJ OKMCIIUTEINS HOCJIE OXJIaXKAeHHS MOAIIHNITHUKOB; 7 — BTyJlKa APY; 8 — muck APY
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Fig. 3. The scheme of oxidizer motion on the way “pump O — BPA O”

Puc. 3. Cxema OBIKEHHSI OKHCIUTENS 1O TpakTy «Hacoc O — BHA O»
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Fig. 4. The part of construction of TPA LRE RD-120 with a scheme of oxidizer motion

Puc. 4. Korctpykuus yactu THA XKPJ] P/I-120 co cxeMoii IBUKEHUSI OKHCITHTEIIS
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Fig. 5. The construction of ADD TPA LRE:
1 —hub; 2 — ADD disk; 3 — copper graphite ring

Puc. 5. Yerpoiicteo APY THA XKP/I: 1 — Brynka;
2 — IUCK aBTOMATa pasrpy3Ku; 3 — MeIHOTpauTOBOE KOJIBIO

The conditions of LRE launch. At the launching
phase of LRE RD-120 (fig. 1) the axial motion of the ro-
tor to one or another way mostly detected by the temp and
the value of pressure change on the outlet of oxidizer
pump impeller and the pressure change on the outlet
of the turbine (fig. 4). The rise of both pressures in the
launching stage of engines is detected by principle
of starterless ignition of the engine conducted according
to the scheme “gas — fluid” [9].

First of all the starterless ignition of LRE conducted
according to the scheme with post-combustion of oxidizer
in the combustion chamber is made by the initial start of
gas generator and the next (some time later) start of CC
(combustion chamber) work that is characterized by the
intense rise of pressure in it connected with the feed of
most part fuel to CC. During this phase on TPA turbine
grate excess power is realized. It lets the TPA rotor to
gain high level rpm and transform the work of pumps
from negative to positive heads. At the initial start of en-
gine the pumps work as a source of hydraulic loss as they
do not rotate at first. At this time period axial force goes
from the pump to the turbine and TPA rotor motion
directed to closing of the gap in ADD.

At second, during all the process of engine launching,
it is important to avoid the appearance of temperature
perturbation in GG that in oxidizing medium can lead
to the firing in turbine tract. One of the reasons of such
perturbations in GG is CC (combustion chamber) starting
to work and as a result the pressure rise at output of the
turbine, falling of excess power, braking of the TPA rotor
acceleration and braking of oxidizer consumption. In LRE
RD-120 at launching phase of GG the fuel fed with the
rise of consumption through the regulator (fig. 1, p. 6) on
strict program, so braking of oxidizer consumption leads
to decreasing of coefficient components relation in GG
and consequently to the rise of oxidizing gas temperature.
If the CC starts working early, there will be a great gas
temperature perturbation in GG.

The time of CC starting to work is detected by: the
moment of main fuel valve opening (fig. 1, p. 4) (relative
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to oxidizer valve and GG fuel (fig. 1, p. 7, 8)) in feeding
line to CC; the value of hydraulic losses of the pressure
on throttle of fuel (fig. 1, p. 5); the time of starting and the
speed of its switching from the starting position to nomi-
nal (at launching phase of LRE RD-120 throttle of fuel
put in the position that makes the pressure losses about 10
times more than at nominal regime of engine work with
the following its opening in the position that provides
nominal coefficient of relation between fuel components
in CC); the depth of vacuumizing of engine’s fuel cavities
before the filling that influence on the final value of gas
bubbles in the engine’s fuel cavities; the value of fuel
pressure at inlet of engine etc.

This principle without running the starter is used
in many liquid rocket engines, for example in RD-256,
RD-301, RD-170, RD-180 and others.

The starting to work of CC in RD-120 engine, leads to
the increase in pressure at the outlet of the turbine TPA,
and consequently to the increase in axial force directed
towards the disclosure of the working gap in ADD.

Modeling of running LRE RD-120 with early entry
into work of CC. In the process of development of rocket
engines RD-120, JSC “NPO Energomash named after
academician V. P. Glushko”, together with the Moscow
Aviation Institute and other research organizations
are constantly carried out mathematical modeling of the
various processes occurring in the engine, which allowed
to solve many problems arising in the process of develop-
ment of this engine [10].

Different mathematical models were developed for the
theoretical study, in particular in the MAI, together with
NPO Energomash they developed a nonlinear mathemati-
cal model to study the launch of the RD-120 engine,
which later was modified, in the part connected with
studying the behavior of the axial forces in the TPA of
this engine. This model was based on theoretical back-
ground provided in [11-13], generalized data of pumps
oxidizer flow test and purging the turbines, supplemented
by a differential equation of the displacement of the rotor.
The model takes into consideration the effect of not only
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static forces in the respective area, but also dynamic com-
ponents, in particular the action of dynamic pressure of
the gas over the turbine blades, after gas outflow from its
nozzle, the mass of the floating rotor etc [14]. In the case
when the rotor occupies a position in which a portion of
the axial force begins to perceive angular contact ball
bearing, bearing load characteristics start working [15].

With the help of mathematical model developed to
study the RD-120 engine start, even before the accident
mentioned above, it was stated that in the course of its
run, with an early start to the work of the CC, in its GG
there is a perturbation in the temperature of the oxidizing
gas of great value. Such changes in temperature can lead
to fire of structural elements of the engine, and at first
flow path of the turbine TPA.

Fig. 6 and 7 show the results of the start model engine
(similar to the RD-120 engine and the main parameters
close to the parameters of this engine), with the different
time of command to open the fuel valve installed on the
inlet of the cooling path of the CC. The figures demon-
strate the change in the process of starting the engine in a
relative way of temperature oxidizing gas in GG, the pres-
sure in the CC and the speed of the rotor TPA (scale on
left axis 0—1) and the change in the value of the working
gap in ADD (scale right axis 0-0.12 cm).

It should be noted that while mathematical modeling
the resulting temperature of the gas in GG is mass aver-
age, i. e. averaged for the entire volume. The results of
measurements of the temperature showed that in the proc-
ess of starting the engine there is quite a large “delamina-
tion” on a diametrical section of GG. One of the tempera-

ture sensors in the process of starting the engine can log
high temperature “straps” while others may show low
temperatures. Therefore, the analysis of modeling results
and decision-making, this fact must be taken into account.

The results of modeling show that at the early start of
the CC to work (associated with the coming of the pri-
mary fuel in it) there is a significant temperature spike in
GG that can cause a fire in the nozzle or blades of the
turbine TPA.

So, this way, which could change the balance of the
axial forces, when the engine starts running is not accept-
able.

Modeling of rocket engine startup with a change in
the value of the closing pressure of the valve for feed-
ing the oxidant to the turbine BPA O in order to accel-
erate the motion of its rotor. Conducted modeling of
various actions (changing the initial setting of the throttle
of fuel; the time of giving the command to the fuel valve
of the CC; change the initial settings of the flow control-
ler, its speed and the beginning of resetting etc.) that
do not lead to the resumption of testing of the engine, did
not give a positive result. Specialists on mathematical
modeling proposed to change (increase) pressure of clos-
ing the valve of the oxidant in the pipeline of its supply to
the turbine BPA O providing fast acceleration of its rotor.
It would seem like this action could change the balance of
the axial forces in the TPA, in the process of starting the
engine to prevent complete closing of the working gap in
the ADD, or at least reduce the magnitude of the axial
force directed to move the rotor in the direction of closing
this gap?
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Fig. 6. The dependence of the changes of basic parameters during normal cyclogram launch

Puc. 6. 3aBHCHMMOCTb U3MEHEHHUSI OCHOBHBIX napaMeTpoB IIpU MITATHOM HUKJIOTrpaMME 3allyCKa
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Fig. 7. The dependence of the main parameters in the standard sequence diagram of starting
the engine (except for the time a command for opening the valve to supply fuel to the CC —
it is done 0.2 sec earlier)

Puc. 7. 3aBECHMOCTD H3MEHEHHUSI OCHOBHBIX MapaMETPOB MPU MITATHOHW IIMKIOTpaMMe 3aIryc-
Ka aBUrarens (3a MCKIIOYEHHEM BPEMEHH II0J[a4l KOMAHJ Ha OTKPBHITHE KiIalaHa IMOAadn
roprouero B KC — xomanza monana panee Ha 0,2 ¢)

The results of mathematical modeling showed (fig. 8)
that this action can significantly reduce the axial force,
directed to closing the gap in ADD in the process of start-
ing the engine.

First of all, this action provides a longer operation of
the oxidizer pump with low pressure due to the greater
pumped consumption, because the consumption of the
oxidizer supplied to the drive turbine of TPA returns to
the main pump (i. e. loop) and a smaller speed of the rotor
TPA, due to longer loading of the pump. In regular ver-
sion of closing the valve, the speed of the rotor TPA rise
immediately after the closing of this valve (by reducing
the power consumption of the oxidizer pump, through a
reduction in the quantities pumped by the pump flow),
and at higher pressures of its closure, the increase of the
speed of the rotor for the same reason, happens later (fig. 9).
Thus, there is a period of time (between the times of closing
the valve at normal and higher closing pressure) during
which the speed of the rotor TPA, the greater the closing
pressure of the valve, will be less than in the same period
of time during normal closing pressure. And the axial
force aimed at closing the working gap in ADD, directly
connected with the value of the pressure of the oxidizer
pump, which is proportional to the speed of the rotor
TPA.
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Secondly, the valve oxidizer in the line of the fast ac-
celeration of the rotor BPA O at higher pressures while
closing is shut later, thus it is bringing the lifetime of low
pressure on the pump oxidizer to the time of the entry of
the CC to work.

Thus, the increase of pressure of the valve of the oxi-
dant closing in the line of fast acceleration of BPA O,
allows to change the balance of the axial forces in the
process of starting the engine and prevent full closure of
the working gap in ADD or at least to reduce the magni-
tude of the axial force aimed at closing this gap.

The outcome of the work on the problem of changes
in the balance of the axial forces and preventing the clos-
ing of the working gap in ADD, in the startup process of
the RD-120 engine was the two main actions — the change
(increase) of the pressure of closing the valve of the oxi-
dant in the line of an accelerated dispersal of BPA, and
the change of hub material (which is associated with ra-
dial-thrust and radial bearings) from steel to bronze. The
first action provides at least a reduction of the axial force
aimed at closing the working gap in ADD, in the process
of starting the engine RD-120, and the second is the ex-
clusion of fire in possible short-term contact of friction
pairs in ADD.
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Fig. 8. The dependence of the main parameters in the standard sequence diagram of starting the engine
and up to 40 ATM pressure closing valve in the pipeline of fast acceleration of BPA

Puc. 8. 3aBucuMOCTh U3MEHEHUS OCHOBHBIX IIapaMeTPOB IPHU IITATHOH LIUKIOTpaMMe 3aIlycKa JABUTraTels
¢ yBeIM4YEeHHBIM Ha 40 aT™ JaBIeHUEM 3aKpBITHS KJIallaHa B MarkucTpaiyu yCKopeHHoro pasrona BHA

nTHA (oTH)

1 ‘\ 1
09 109
\ 1os

0,8

: 207 =
\ s

) 10,6 o

0,7 >
+ 05 <«

0,6 1048
0,5 1030

?

0,4 A 702

| RV
0,3 . D=0 0

0,7 0,75 0,8 0,85 0,9 0,95

’ ’ Bpewms, ¢
—=—nTHA (OTH) (pKn=p><n_u.|T) —a—nTHA (OTH) (pK.I'I=pKﬂ_LLIT+40 aTM)
——3azop APY (Pw=Prn_wr) —i— 3azop APY (Pun=Pun_urt40 atm)

Fig. 9. Comparison of the change in the value of the gap in ADD and the dimensionless frequency of
rotation of the rotor TPA between regular (reg) version and a launch with a big closing pressure
(reg+40 ATM) of the flow valve O to the turbine BPA O

Puc. 9. CpaBHeHHe H3MeHEHHs BETMIMHBI 3a30pa B APY u Ge3pa3MepHoii 4acToTsl BpameHust poropa THA
MEXIy IITaTHBIM (IIT) BAPHAHTOM 3aIyCKa M CIydas ¢ OONBIINM AaBlIeHUEM 3aKphITHs (T+40 aTM)
knamana mogauu O Ha Typouny BHA O
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Conclusion. This work discovers the influence of
various factors on the balance of the axial forces in TPA
LRE RD-120. It is shown that under certain conditions in
the run mode contact of the mating parts in the design of
the ADD is possible. Considered activities would exclude
this contact without changing the design of the TPA and
the restart of testing of the engine.

One of such activities could be an earlier entry into the
work of the CC, but in this case significantly increases the
temperature of gas splash in GG, which may result in an
oxidizing atmosphere to fire of elements of the flow path
of the turbine.

The variant of launching the rocket engine with in-
creased closing pressure of the flow valve O to the turbine
BPA for the accelerated dispersal of its rotor is presented.
It is shown that this allows to change the balance of the
axial forces and to prevent complete closing of the work-
ing gap in the ADD, or at least to reduce the axial force
aimed at closing this gap.

The works on mathematical modeling of the launch of
the RD-120 engine reaffirmed the need for the develop-
ment of modern mathematical models of liquid rocket
engines, which allow as looking into the future of the de-
veloped engine, and in critical situations to find the best
solution to arising problems.
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