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Paspabomka 6blcOKOCKOPOCMHBIX IeMAMENbHbIX ANNApamos OALIUCIMUYEeCKO20 MUNA CO CKOPOCMbBIO,
npesviwaroweli 1000 m/c, 8 Hacmoswee epems AGIAEMC NPUOPUMEMHOU 3a0ayell 3a pydexcom u 8 Poc-
cuu. Dpexmusnocms maxux HOBbIX U30ENUll NOOMEEPHCOACTICL MPEKOBLIMU UCHLIMAHUIAMU CO CKOPO-
cmbio ux npumeHerus. Mcnvimamenvuvie NOIUSOHBL C PENbCOBLIMU MPACCAMU CYUECMBYION NPAKMULECKU
60 ecex cmpanax, nanpumep ¢ CIIA ux bonee 15: 08yxpenvcosvie, MOHOPEIbCOBbIE U PATUUHbIE UX KOM-
OuHayuu, paznudaowuecs OIUHOU, WUPUHOU PelbCOB8OLL NAPYbL, PElbCaMU U KOHCMPYKYUel camo20 mpeKd,
BKAIOYASL 2EPMEMUUHYIO 000NOYKY HAO PEerbCOBOU OOPONCKOU OA 3aNOJHEHUs ee Ooliee JIecKoll CPeooll.
Camvuii Onunnviii mpex CILLA Holloman AFB, pacnonoacennviii 6 New Mexico, onunoti 15536 m. Pacnona-
2a10m mpexosbiMU NOJULOHAMU C PA3IUYHOU OUHOU U CBOUM 0CODeHHbIM UcnoneHuem Anenus, Opanyus,
T'epmanus, Kanaoa, Umanus, Anonus, Unous, Kumaii, Kopes, Typyusi u opyeue cmpanul, éxmouas Agpu-
KAHCKUll KOHMuHeHm. Bvicoxockopocmuvie noaucounvie ucnvimanus ¢ Poccuu nposoodsmces na sxcnepu-
MeHmanvHou ycmanoske «Paxemuwiii penvcoeviii mpex 2500», pazmewennoi na meppumopuu DKII
«kHUITAC umenu JI. K. Cagporosar. IkcnepumenmanvHas yCmMano8Kka COCTMOUM U3 peibco8o2o nymu,
PABMEUWEHHO20 HA CNEYUATbHOM OCHOBAHUU, 0becneuusarouem HeoOX00UMbL GePMUKAIbHBIL HPOPUIL
nymu ¢ y4acmKamy no0vema U NpaMOIUHenHo020 20PUSOHMANLHO2O OBUNCEHUS, d MAKHCe MEeXHOI0cUYe-
CKULl YHACMOK CHUMNCEHUS. 051 MOPMONCEHUS NOOBUICHO20 MEXHON02UYecKko20 00opyoosanus. Hcnvimye-
Moe usoenue pamewjaemcss Ha pAaKemHOU MpPeKosol Kapemke, O8UNCYWelcs No perbcam HA Onopax
CKONbICeHUs. [l npUOaHus yCKopeHus mpeKosotl Kapemke UCNONb3VIOMCs paKemmubvle 08ueamen meepoo-
20 MONAUBA, Ma2a KOMOPHIX 8bIOUPAEMCA HA OCHOBe DALTUCMUYECKUX PACiemo8 OJil OOCMUMNCEHUs mpe-
Oyemou ckopocmu ucnelmanus. [nuna mpexka uepaem 6axCHy!0 poib 0Jid O0CHUNCEHUS NPEeOebHbIX CKO-
pocmell pazeoHa NoOBUNCHO20 MPeK08o2o cHapaxceHusa. OspomHoe aspoouHamuieckoe CoOnpomusieHue,
NPONOPYUOHATILHOE K8AOPAMY CKOPOCMU OBUNCEHUS KAPEMKU NPU UCHBIMAHUAX HA 8bICOKUX CKOPOCMSX
npuBoOUm K HeoOX00UMOCU YMEHbULAMb MUOETb U MACCY NOOBUICHOU YCMAHOBKU. Yeeruuenue msacu
osueamerneti NPUSOOUM K pOCmy MAcchbl U CHOUMOCU MPEKOBO20 CHAPANCEHUSA, d MAKH#Ce K He0OX00UMOo-
cmu yeenuyeHus 3anaca nPpoYHoCmuy onop ckoavoiceruss. QOOHAKo npupocm CKOPOCHU UCHBIMAHUL MONCHO
docmuyb npu 3ameHe 8030YWHOU cpedbl 2azamu, 001a0aArUWUMU CYUWECMEEHHO MeHbulell NIOMHOCbIO,
Hanpumep cenuem. Tpexkosvie UCHLIMAHUA HOBLIX NeMAMENbHbIX ANNapamos Uil ux 31eMeHmos Xoms u
Oewiegnie TeMHbBIX UCHBIMAHUL, 0OHAKO 00CMamo4Ho dopoeu. B smoil ceazu paboma no meopemuueckoi
OYeHKe 3aMeHbl CPedbl U3 OKPYHCauje2o 8030yxa Ha 2elull, a MmaxdHce Ha cCMecu 2eiusi ¢ 6030yXoM npu
PA3HOU €20 KOHYEeHMpayuu 8 Kpulmou aiepee Ha mpeKoBol peibCo80L 00PONCKe A8NACMCA HOBOU, aKmy-
ANbHOU U NPAKMUYECKU NONe3HoU 3adauel. B pabome 6bINOIHEHO UYUCICHHOE MOOETUPOBAHUE 3a0adiu
CBEPX38YK0B020 OOMEKAHUSL NOMOKOM CMeCU 2elust ¢ 8030YXOM NPU PAIUUHOM UX 00bEMHOM COOMHOuULe-
Huu. [lonyuenvl uucnennvie 3HAUeHUs a3pOOUHAMULECKO20 CONPOMUBILEHU NPU CKOPOCMU OBUNCEHUSL Ka-
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pemxu pagnoti 830 m/c. Ilpusedenvt pe3yrbmamvl YUCIEHHBIX PACYEMO8 OUHAMUKU 08udicenusi 3D-mooenu
MOHOPENbCOBO20 MPEKOBO20 CHAPANCEHUSL, KOMOpble NIAHUPYIOMCSL OISl UCROb308AHUSL NPU NPOSEOeHUU
HAMYPHBIX 02HEBbIX IKCNEPUMEHIMOE.

Krnioueswvie cnosa: mpeKoeble UCNbIMAHUA, paKemHas Kkapenika, cobcmeentvle yacmomsl, cenuesast cpeda,
8M6pal¢u0HHO€ YCKOpeHue, CneKkmpailbHas njilonHoCnib.
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The development of high-speed ballistic aircraft with speeds exceeding 1000 m/s is currently a priority
abroad and in Russia. The effectiveness of new such products is confirmed by track tests at the speed of their
use. Test sites with rail tracks exist in almost all countries, for example in the USA there are more than 15 of
them. Double-rail, monorail and various combinations thereof, differing in length, width of the rail pair, rails
and the design of the track itself, including a sealed shell over the rail track to fill it with a lighter one envi-
ronment. The longest track in the USA is Holloman AFB, located in New Mexico with a length of 15536 m.
They have track ranges with different lengths and their own special design in England, France, Germany,
Canada, Italy, Japan, India, China, Korea, Turkey and other countries, including Afvican continent. High-
speed range tests in Russia are carried out on the experimental installation “Rocket Rail Track 2500, lo-
cated on the territory of the FSE “Scientific test range of aviation systems named after L.K. Safronov”. The
experimental installation consists of a rail track placed on a special base, providing the necessary vertical
profile of the track with sections of ascent and straight horizontal movement, as well as a technological de-
scent section for braking moving technological equipment. The product under test is placed on a rocket track
sled moving along rails on sliding supports. To accelerate the track carriage, solid fuel rocket engines are
used, the thrust of which is selected based on ballistic calculations to achieve the required test speed. The
length of the track plays an important role in achieving the maximum acceleration speeds of moving track
equipment. The enormous aerodynamic drag, proportional to the square of the speed of movement of the car-
riage, when tested at high speeds, leads to the need to reduce the midsection and mass of the mobile unit. An
increase in engine thrust leads to an increase in the weight and cost of track equipment, as well as to the need
to increase the safety margin of sliding supports. However, an increase in test speed can be achieved by re-
placing the air medium with gases that have a significantly lower density, for example, helium. Track testing
of new aircraft or their elements, although cheaper than flight testing, is quite expensive. In this regard, work
on the theoretical assessment of replacing the medium from ambient air with helium, as well as with a mixture
of helium and air at different concentrations in an indoor gallery on a track rail track, is a new, relevant and
practically useful task. The work performed a numerical simulation of the problem of supersonic flow around
a helium-air mixture at different volumetric ratios. Numerical values of aerodynamic resistance were ob-
tained at a sled speed of 830 m/s. The results of numerical calculations of the motion dynamics of a 3D model
of monorail track equipment, which are planned for use in conducting full-scale fire experiments, are pre-
sented.

Keywords: Track tests, rocket sled, natural frequencies, helium medium, vibration acceleration, spectral
density.

Introduction

Helium, out of all known gases, reveals the best combination of properties suitable for use in test-
ing conditions on a track table. First, helium and its mixtures with air are not toxic. Secondly, helium
has a low molecular weight, low density and low viscosity. Its gas constant under normal conditions
(NC) is equal to R = 2077.2 J/(kg K); density (NC) py. = 0.1785 kg/m’ 7.264 times less than air den-
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sity; dynamic viscosity v y. = 19 uPa s; heat capacity Cp = (5.2 — 5.27) kl/(kg °C); thermal conductiv-
ity coefficient A = 0.15 W/(m K); volume kmol He puV = 22.42 m3/kmol, adiabatic index
k=Cp/Cv=1.67.

We demonstrate the covered section of the track (hereinafter we will call it a helium gallery or tun-
nel) in the form of a cylinder of radius R, and length L, cut in half lengthwise. The tunnel volume will
be equal to the gallery volume V; and the volume of the hydrodynamic flume made along the tunnel V,
below the horizon level

Vi =[S (x)dx, (1)

vy =ISH(x)dx, )

here Sy (x) — cross-section of a section of the hydrodynamic tray of a covered gallery located below
the level of the base of the rail track.
Area volume V. with gallery length L = 600 m Rt = 1,75 m can be simplified presented as

2 =§R% L =2886,336 m’. 3)

Gas volume occupied by a tray with dimensions of a rectangular profile width b= 1 m, depth h = 1
m
Vy=b-h-L =600m’.

When filling the gallery with helium, we assume that the air, a denser gas, located in the tunnel will
be forced out through the tray and leave for the atmosphere. Considering the high cost of helium, it is
necessary to estimate the required amount of helium for testing with different concentrations of the air-
helium environment, then carry out simulation numerical calculations in order to determine the opti-
mal concentration of the air-helium environment to achieve the maximum effect of reducing aerody-
namic drag and increasing the speed of the track carriage with the object tests at a fixed thrust of a
solid propellant rocket engine (SPRE). The results of the theoretical forecast are subsequently subject
to validation after the construction of an indoor gallery and fire technological launches of the monorail
equipment of the rocket sled with vibration measurements at a speed of 830 m/s.

It is necessary to prepare the environment in the gallery with different contents of helium mixed
with air, starting from the case with a purely helium environment. To test in a 100% helium tunnel,
there is no need to displace air with helium from the tray because the rail track is above the tray level.
On the other hand, accelerating the track carriage to a speed of 2.5 M and its entry into a section with a
modified environment is associated with the interaction of shock waves around the nose of the test
object and shocks reflected from the surface of the rail track, as well as from the edge of the tray,
which will inevitably cause mixing environment and unevenness of environmental parameters along
the height of the gallery section. In this regard, it is advisable to provide for mixing air and helium in
advance. Regarding the gallery environment in the form of pure helium, everything is not so compli-
cated here. The only thing is that before launching, a chromatographic analysis should be performed at
various points along the cross-section and length of the helium section.

The total volume of the helium gallery is approximately 3500 m’. The required mass of helium to
fill the corridor is equal to

Nye = Vs /11, = 156,11 kmol,

My =M Vs /n, = 624,91 kg, (4)
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The sound speed in a helium medium is 965 m/s.
When a covered gallery with atmospheric air is filled with helium with a mass my., excess pressure
will arise, it is determined by the dependence

m m
PB+PHe:V_BRB'T(K)+ VHe Ry -T(K). Q)
x> >

Mass being 625 kg, the excess total pressure is 2 ATM. Within the time, the pressure will equalize
with atmospheric pressure, displacing air from the covered volume. Fig. 1 shows a photograph of a
monorail track sled with a model test object.
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Puc. 1. U300pakeHre MOHOPEIbCOBOW TPEKOBOI KAPETKH C MOJICIBHBIM OOBEKTOM HCIIBITAHUSI.
CocraB: nepeiHuii OalIMaK ¢ KPOHIUTEHHOM JJIsl KpEIUIeHHs MOJIesIbHOTro oO0bekTa ucnbitanus; PATT;
3aHUH OamMak

Fig. 1. Image of a monorail track sled with a model test object.
Composition: Front block with bracket for fastening a model test object; Solid propellant
rocket engine; rear block

The thrust of the solid propellant boost engine provides the necessary acceleration to achieve the
required test speed. If necessary, to increase thrust, the rocket sled (Fig. 1) can be composed of two
solid propellant rocket engines, placed in the form of a train of several accelerator stages connected in
series with the head instrument sled [1]. The brackets house automatic control elements and, if re-
quired, vibration acceleration sensors.

In the USA, on the basis of the Holloman track, with length of 15536 m, a special indoor tunnel
was created to simulate the conditions of rarefied atmosphere, which can be filled with helium gas to
reduce the aerodynamic resistance of the environment during testing [2; 3]. The length of the covered
tunnel is 3353 m, and its diameter is 4.67 m.

The research purpose is to numerically simulate the gas-dynamic flow around a 3D model of mov-
ing track equipment in a tunnel filled with helium and helium-air mixtures in various concentrations.
Flow calculations are carried out by a developed program using the Flow Vision complex [4—10], and
the motion dynamics of a 3D model of a monorail rocket sled, developed by a program that takes into
account the elastic structure of moving track equipment, schematized by the spatial arrangement of
beams [11-13], with AMESim software package [14—19]. In both cases, there is a 3D model of a real
rail track, including the vertical and horizontal profile of the track stand of the FSE “Scientific test
range of aviation systems named after L.K. Safronov” and 3D track sled with a model test object
(TS-TO).
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The movement of the TS-TO system is considered at a supersonic speed of 846.8 m/s, approxi-
mately 2.5 M at 0.31 s, the carriage enters a tunnel filled with helium. The design thrust of the solid
propellant rocket engine is assumed to be 4.3 t.s.

Fig. 2-4 show the simulation results, where the speed of the object’s movement is presented in
color [13].

Bpema = ©.30970 c
CkopocTe = 810.79 M/c

Puc. 2. Uzo6paxeHne 00TEKaHUs BO3AYIIHBIM IIOTOKOM 3JIEMEHTOB TPEKOBOI KapeTKU
1 00BbEKTa UCIBITAHUS NIEPE/l BXOJOM B rajlepero ¢ reueBoil cpenoit. Bun ceepxy

Fig. 2. Image of the air flow around the elements of the track sled
and the test object before entering the gallery with a helium environment. View from above

Compaction shocks occur, when approaching the boundary separating two media: air and helium.
Next, it presents the moment of entry of the TS-TO through the interface into the helium region. In
this case, the angle of oblique shock waves increases when flowing around the elements of the track
carriage with the test object when entering the helium environment.

Bpema = ©.31098 c
CkopocTe = 805.78 M/c

Puc. 3. Pacnpenenenue ckopocreii cpensl Ha anementax TK-OU
IIPY IPOXO0KAEHUH HAYaJIbHOIO y4acTKa C FeJIMeBOM cpeloi

Fig. 3. Distribution of medium velocities on the TK-OI elements
when passing through the initial section with a helium medium

Fig. 3 demonstrates that the shock wave on the conical fairing of the test object is realized at a
speed of 1.4 M, that is significantly less than the speed of movement of the sled itself of 2.5 M. This
paradox is quite understandable. In a helium environment, the speed of sound at an external tempera-
ture of 20 °C is approximately 956 m/s, that is almost three times higher. The Mach number decreases
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sharply and the Mach angle increases. As the sled passes through the initial section with the helium
medium, the geometry of the shock waves in the helium medium changes. The view represents the
interference of direct shock waves with oblique ones. The physical picture of supersonic flow around
conical bodies changes. The angle of the oblique shock wave in the helium medium on the conical
fairing increases to 74—75 degrees.

Puc. 4. KapruHa cBEepX3BYKOBOTO OOTEKaHHUS 3JIECMEHTOB TPEKOBOTO MOJIBUKHOTO
CHapsDKEHUS B BO3AYIIHOM U resneBoil cpene. Bug ceepxy

Fig. 4. Picture of supersonic flow around elements of track moving equipment
in air and helium. View from above

The image presents the Mach angles in the air flow, it is an acute angle approximately equal to 60°
and a larger angle of 75-80° in a helium environment. Fig. 5. demonstrates the graphs illustrating the
acting aerodynamic forces along the X, Y, Z axes on the track sled with the test object at a speed of
832 m/s.

When the TS-TO moves at a speed of 830 m/s, the lifting force directed upward along the Y axis is
about 3100 N. The lateral force directed along the Z axis is 600—700 N. The frontal aerodynamic drag
force is 22500 N. After 0.31 s, the product enters a tunnel with a helium atmosphere. In this case, the
cone of the nose part breaks through the film and the TS-TO enters the atmosphere with helium. An
impact disturbance occurs, followed by attenuation of the force action, and the aerodynamic forces
decrease sharply. Therefore, the aerodynamic drag force decreases almost 10 times to a value of 2600
N. However, when entering a section with a helium medium, the track sled receives a disturbance
(similar to a shock), but with the opposite sign of the force action. Acceleration disturbance resulting
from a stepwise dip in aerodynamic drag. The transient process is simultaneously superimposed with
calculated oscillations caused by the computational numerical adaptation of the grid.

The results of modeling the entry of a monorail track sled into the helium section of the track show
the significant impact of reducing aerodynamic drag. The wave pattern of interaction between the sur-
face of the TS-TO track moving equipment changes, namely, a series of shock waves changes its con-
figuration. The Mach cone angle increases, the configuration of the bow shock takes on the form
of a direct shock wave, characteristic of a lower speed of flow around structural elements. The wave
resistance changes proportional to the product of the density of the medium and the speed of sound in
a given medium. The structure of the boundary layer changes when the flow moves around the cone of
the head part and especially the interface between the cone and the cylinder of the head fairing of the
test object. Fig. 6 exhibits the influence of the density of the medium in a gallery containing different
percentages of the air-helium mixture on the aerodynamic drag coefficient of the TS-TO dynamic sys-
tem.
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Aerodynamic drag forces during the transition to helium
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Puc. 5. I'paduku, wutocTpupyromye U3MeHeHHE ISHCTBYIOIUX CHIl 10 ocsiM X, Y, Z Ha roBepxHocTh 3D-Monenu
TPEKOBOMH KapeTKu ¢ 00bEKTOM UCIBITAHUS [IPU BXOXKJIEHUH B IeJIMEeBbI y4acTOK Tpeka mpu ckopoctu 830 m/c:
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3 — Z na rpaduke oTpaxaeT MOoIepedHy0 OOKOBYI0 Harpy3ky (cunuit uset). ITo ocu abcuuce BpeMs B €

Fig. 5. Graphs illustrating the change in the acting forces along the X, Y, Z axes on the surface of a 3D model
of a track sled with a test object when entering the helium section of the track at a speed of 830 m/s:
aerodynamic drag force along the X axis — green; Y — (red) vertical axis; Z — on the graph reflects the transverse
lateral load (blue color). The x-axis reflects time in s
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Puc. 6. I'paduku 3aBucumocTeil kK03(p(HULUEHTOB a3POIUHAMUYECKOIO CONPOTHUBIICHHUS
OT CKOPOCTH JBMXKEHUSI TPEKOBOM KapeTKH IPU Pa3HON KOHLIEHTPALUY CMECH BO3JyXa U Telus

Fig. 6. Graphs of the dependencies of aerodynamic drag coefficients on the speed
of movement of the track sled at different concentrations of the air and helium

Fig. 7 exhibits the influence of the density of the medium in the tunnel containing different per-
centages of helium on the increase in the acceleration rate of the TS-TO system.

Fig. 7 demonstrates when accelerating a track sled with a test object at the considered total mass of
equipment and solid propellant thrust is equal to 43 kN, a speed of 830 m/s is achieved, and with a
mixture of air and helium in an equal proportion of 50 % by volume, the speed is achieved 1000 m/s.
In a helium environment, the speed will be already 1120 m/s.
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Puc. 7. Bnusaue MPOLUCHTHOI'O COACPIKAHUA BO3AyXa B CMECH C I'CJIMEM
B COCTaBC CPCbl rajIepeu Ha BEIIMUUHY Hpe)leHBHOﬁ CKOPOCTH pa3roHa KapeTKu

Fig. 7. Influence of the percentage of air mixed with helium in the gallery
environment on the maximum acceleration speed of the sled

When tested in air at a maximum speed of 800 m/s, the lifting force acting on the rocket track sled
structure is 3200 N. The magnitude of the lifting force during testing is important because the friction
forces when the blocks slide along the contact surface of the rail depend on it. When helium is added to
the gallery air in a ratio of 50 % by volume, the lift at maximum speed is reduced to 2700 N compared to
a purely air environment. Increasing the helium in the mixture to 70 % reduces the lifting force of the
sled to 2000 N. And in a gallery filled only with helium, the lifting force at a maximum speed of 800 m/s
decreases to 500 N. The reason for the nonlinear dependence of the influence of helium in the mixture
with air at low concentrations is subject to further analysis. The lateral force directed along the Z axis
also decreases as the concentration of helium in the air in the indoor gallery medium increases from 200
N (medium is air) to 90 N (medium is helium). Lateral force arises from the asymmetry of the track's
relief. During monorail testing, the track carriage is located on the right rail, with horizontal relief on the
right, and a hydraulic tray located below the horizon on the left. Figure 8 shows the calculated values of
the aerodynamic drag force during the movement of the track sled depending on the density of the me-
dium in the gallery at different percentages of helium in the air.

The maximum value of the aerodynamic drag force of the air environment is 23000 N during the
launch of the TS-TO system. With a 50 % mixture of air and helium, the resistance of the medium at
maximum sled speed is reduced to 10,000 N. In the clean environment with helium, the resistance is mi-
nimal and equal to 6500 N. The friction forces of the blocks on the contacting surfaces of the rail
head also turn out to be dependent on the environment. Therefore, in a purely air environment, their
maximum value is —3600 N, and, on the contrary, in a helium environment, the friction forces do not
exceed —700 N. The yaw angle torque behaves in a similar way. It varies, like all aerodynamic forces,
during movement. Its maximum value in air is 20000 Nm, corresponding to the maximum acceleration
speed, and in helium it is less than 5000 Nm. The maximum value of the pitch angle torque in air is
+2800 Nm, and in helium does not exceed +600 Nm. The calculated values of vibration accelerations on
the front and rear blocks without taking into account the actual deviations of the rail track from straight-
ness along the X axis do not exceed 2 m/s>. However, the frequency range of the spectrum of maximum
values of vibration accelerations of the rear block is wider - from 3 to 70 Hz, while in the front block the
maximum vibration accelerations are realized at frequencies from 3 to 40 Hz. We would like to highlight
that the first resonant frequency of the blocks along the X and Y axes, determined by vibration testing, is
3.15 Hz. It is not possible to isolate the influence of the density of the air-helium mixture medium on the
density of the vibration acceleration spectrum of the blocks along the X axis, since all the curves merge
into one picture. Also, the difference is practically indistinguishable for the density of the spectrum of
vibration accelerations along the X axis of the track sled body and the fairing of the test object. The cal-
culated spectrum of vibration accelerations along the Y axis on the blocks is characterized by resonances
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in the range from 3 to 120 Hz, with a maximum at a frequency of 70 Hz. The front block has a resonance
at 15 Hz with the highest vibration acceleration amplitude, and then decreasing peaks of vibration over-
load amplitudes are realized at the following frequencies: 26, 47, 75, 98 Hz, and so on. Along the Y axis,
a decrease in the density of the greenhouse environment leads to a decrease in the amplitudes of vibra-
tion overloads both on the blocks and on the sled body and the test object, that is, it reduces the maxi-
mum vibration accelerations by almost 2.5-3 times, and the damping effect is more pronounced on the
rear support. For example, Fig. 9 shows graphs of the density distribution of vibration acceleration spec-
tra by frequency for the nose cone along the Y axis.
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Fig. 8. Graphs of the dependencies of aerodynamic drag forces on the volumetric content
of helium in the gallery environment during acceleration of the sled with the test object

Vibration acceleration of the fairing cone along the ¥ axis

0.1 i\ — 0%
0,08 [ 25%

0,06 | |1 50%
[]04 . l 'L - 5%

0,02 g H N \M'\\M -100%

* - _—
0 100 200 300 400 500, Hz
Frequency

e I T

Puc. 9. 3aBucUMOCTH IIOTHOCTH CIIEKTpa ycKopeHuil mo ocu Y
o0TekaTenss 00bEKTa UCIBITAHUS

Fig. 9. Dependencies of the density of the acceleration spectrum along the Y
axis of the fairing of the test object

The density of the vibration acceleration spectrum along the vertical Y axis of the conical fairing of
the test object has a maximum of 0.12 m/s2 at a frequency of 5—7 Hz. Further resonant peaks occur at
the following frequencies 20-25; 47; 76 Hz, and others. The highest values of vibration overload are
realized in air, the lowest are in helium. The vibration overloads of the sled body along the Y axis are
somewhat less pronounced than those of the fairing, and the frequencies corresponding to the maxi-
mum vibration accelerations are shifted to the region of higher frequency values, and significant val-
ues are distributed in the range of up to 250 Hz. The maximum density values of the vibration accel-
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eration spectrum of 0.3-0.35 m/s” of the fairing of the test object along the Z axis have a significantly
smaller frequency range of 25-32 Hz. It is not possible to isolate the influence of the density and vis-
cosity of the medium in the calculations.

The maximum effect of increasing the acceleration speed of the track sled is expected in a helium
environment. The costs of arranging a track gallery and acquiring the required mass of helium can be
reduced by choosing a rational length of the gallery according to the calculated graphs from Fig. 10,
while achieving the planned effect of increasing the maximum acceleration speed of the dynamic TS-
TO system.
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Fig. 10. Graphs of the dependencies of the speed increase of the TS-TO system
on the length of the gallery with a helium medium

Conclusion

Taking into account the high cost of helium and the need for its availability in large quantities to
conduct full-scale experiments, calculation estimates were obtained for choosing the length of the in-
door gallery and the expected increase in the acceleration rate of the dynamic TS-TO system at differ-
ent helium concentrations. The effect of reducing the density of the medium due to mixing air with
helium in a closed gallery becomes significant already at 50 % helium concentration. As an option, we
can recommend conducting experiments to validate the obtained calculated results at a 50% concentra-
tion of a helium-air mixture in the gallery environment.
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