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Abstract. Purpose. Research of hydrodynamic mechanism of internal fuel flows in the spacecraft tanks with internal baffles for
effective control.

Methodology and approach. In the paper it is shown experimental and numerical simulation results of internal fuel flows in the
spacecraft tanks with internal baffles, moving on the Earth's orbit. The structure of near wall flows - wall region, wake, around the
baffle edges etc are shown. There are several cases that are shown for one, two and many vorticies or circulations around the baffles
and outside of them, that characterize the energetic parameters of inertial flows in the tanks. The analysis of the structure and nature
of circulating flows in the range of Reynolds numbers 700 ... 12500is presented, which allows to make a picture of axially symmetric
circulation flow and rationally arrange the guide baffles in the inertial fuel flows. So, this provides to make a rational choise of
effective facilities for compensating the disturbing influences on the tank walls by the fluid and substantial savings in spacecrafts
long term flight at the Earth orbit.
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Introduction

During the spacecraft flight on the Earth's orbit with the cut-off power engines the inertial effects of liquid fuel
flows in reservoirs acts on its structure. They tend to cause instability of spacecraft motion and its deviation from the
nominal trajectory, and can also be the cause of accidents on board. To compensate such disturbances, to correct fuel
flow, to orient the object on its flight trajectory we must to switch periodically these engines, which leads to additional
fuel consumption.

To improve efficiency on exposure to uncontrolled fluid flow in the internal fuel tanks stabilizing devices used in
the form of annular and radial baffles on wall surface, which serve as guide vanes, but have a sufficiently large mass
and size, thus reducing the payload of the spacecraft. Reducing the weight and the baffles area effect leads to a dramatic
reduction measure effects on fluid and the need for more frequent switching control, so the problem arises of improving
the efficiency of baffles influence on the flow of liquid fuel while reducing their weight, which can be solved by
methods flows simulation in the laboratory and research hydrodynamic flow patterns in the tanks with baffles [1].

Research problem

The objective of this study is the experimental determination of the impact on a rigid radial walls on the flow of
an incompressible viscous fluid in the reservoirs. Determination of the change rates when inertial rotation of liquid after
the sudden stop in time the shell to determine the circular points are implemented by the inclusion of spacecraft engines
automatic stabilization system [2].

The main criteria for evaluating impact on fluid flow represented well-known and specially designed numbers of
similarity, for example, Reynolds, Rossby, Strouhal and others. Determination using them unsteady velocity
distribution pattern directly about partitions and free space flow structure allows to set specific layers of a moving liquid
in tanks with different variations. These parameters, in turn, can set the features of their influence on the inertial flow at
different similarity numbers and extend the results of physical modeling of real structures and modes of objects
movement. The main number of similarity seems centrifugal Reynolds number, built on the values of tank initial
angular velocity Q, the distance from the axis of rotation R and the fluid coefficient of kinematic viscosity v

Re=8Q,*R;/v.
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Fig.1. Internal radial near-wall baffles: a 4-cell,
b - a 6-cell, in spherical and cylindrical tanks

As the basic construction of radial baffles taken adjacent to the tank inner side walls (fig. 2a), which are
permanent devices in the spacecraft fuel tank [1, 2]. This makes it possible to adopt the measurements results of
azimuthal velocity component obtained in the flows simulation in the special experimental stands [3, 4] when
measuring velocity and pressure fields in comparison with measurements of other option structures.

Model testing of considered structures in spherical and cylindrical tanks carried out in the range of Reynolds
Rey = 700 ... 12,500 and the Strouhal number Sh = 0 ... 32. When using standard designs on, shown in fig.2, but
observed the initial pattern of distribution of layers axially symmetric flow. Zone 1 characterized quasi-solid flow
region, which is not covered by baffles. This area seems to be quite stable, in which the initial velocity profiles are
linear and independent of the distance from rotation axis.

Numerical simulation of flows under consideration involves the use of the full equations of motion of a viscous
incompressible fluid in the form of the Navier-Stokes equations with the appropriate boundary conditions for the
vanishing of the component of the velocity vector on the walls and on the axis of rotation of the model. In addition, to
compare the hydrodynamic flow pattern held the calculations for unsteady flow problems when components of the fluid
velocity vector fade from solid distribution rate to zero.

For small values of the angular velocity of the flow corresponding to the Reynolds number of about 700 ... 2500
centrifugal forces of inertia and Coriolis forces are quite small, so the test calculations in the finite element scheme
more appropriate to hold for two-dimensional problems with an infinite radius of surface curvature. First, it will reduce
the duration of the calculations and allow to split the space into a grid with an arbitrary number of finite elements.
Second, it will provide a qualitative determination of the hydrodynamic flow and distribution of flow basic kinematic
and power parameters.

The analysis of experimental and numerical results

Analyzing the results of velocity field measurement, shown in fig.2, it can be established that the size of the
intermediate zone, typically up to standard size R = 0,73 ... 0,8, it is adjacent to the baffle inner edges and serves as the
transition area between zone 1 and the wake after the baffle (zone 3). In this area, there is a diffusion of internal borders
baffle wake and distribution of circulation in the axis direction, initiated by baffle inner edges. As you can set the width
of the baffle influence zone 2, zone 1 in the quasi-solid.

The most characteristic for axisymmetric flow seems to zone 3, indicating the wake of the baffle plane. This
layer flow is strongly influenced by the septum and on its size and characteristics of the velocity field formation
depends on effective influence on. Furthermore, the width of this area flow strongly influence the near-wall flow (zone
4). Analysis of numerical simulation results and flow structure near the baffle provided the approach to the flows
numerical simulation in tanks. There is the first determination of criterial parameters, i.e., Reynolds number, Rossby
number, etc. To ensure the necessary reliability of numerical calculations results are repeated at constant input values in
dimensionless form at Re = 700 ... 12,500.

Fig. 2. Typical flow zone in cylinder with continuous baffles: a - adjacent; b - spaced 1 - quasi-solid
region; 2 - the transition zone; 3 — eddy wake behind the baffle; 4 — boundary layer
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It is known that a decrease in wake size reduces the frontal walls of resistance. As a basic accepted baffle width
b =0,2 * R, adjacent to the tank walls [4]. A more detailed evaluation of the wake structure behind the adjacent wall, a
schematic representation of which is shown in fig.3, the characteristic size of the circulation areas: the partition length 1
and the width by, and b, the width of the inner edge of the baffle effect on space flow [5] .

It was found that at low flow rates (Re = 670 ... 1020) length of the wake can be 1,4 ... 1,92 ¢ b, and its width -
1,1 ... 1,18 « b. The width of baffle influence area to uncovered her space, can be b, = 0,35 ... 0,57 ¢ b. Increasing the
Reynolds number Re = 1020 ... 1720 leads to an increase in track length, b = 2.5 ... 3.1, while its width is slightly
increased, total 5 ... 8%. For impact area width b, characterized by the following relation b, = 0.31...0.43 ¢ b, indicating
the stabilization effect on the flow baffle in general.
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Fig. 3. The flow structure in vicinity of the adjacent solid baffles (width b, / Ry = 0,2)
when Re = 920: 1-stagnant zones;2 - circuit; 3 - area of influence on the baffle edge
for quasi-solid; 4- tank wall

In the flows simulation in view of axial symmetry problem is necessary to check the correctness of the boundary
and initial conditions of the model based on the Navier-Stokes equations. For this test examined baffle flow problem in
tanks with an infinitely large radius of curvature, calculating the results of which are shown in fig.4 [6, 7]. For example,
at a flow of 6-cell (fig.4,a) and 8-cell (2b), where the walls are located at a distance 1 =1,/ Ry = 0,73 ... 1,0, sizes wake
of the first partition significantly exceed the distance over which the second bulkhead spaced from the first so it can
only take part of the dynamic pressure of the flow. Thus, the efficiency of cascade baffles is reduced, and to improve its
barrier effect should be moved beyond the wake. The distance between the baffles should be set to 1;, which under these
Reynolds numbers commensurate circulation wake.

For an 8-cell baffle (2b) flow pattern becomes even more irrational, as formed during steady braked with
velocities of the order of 0.01 in the vicinity of walls 0,025 *b, which has a very low impact on other areas of the course.
Each of the baffle initiates increase in velocity near the inner edge, which quickly decay (AT = 2.9...3.7), not having a
noticeable effect on the quasi-solid flow region.

When using the 4-cell design on the calculation results are shown in fig.4,b, there is a leveling of circulation size
and distance between the elements, so in terms of the circulation formation design on it is more effective. Furthermore,
its impact on the quasi-solid flow region becomes more significant, increasing the flow rate of about baffles edge on
12...17%, indicating a corresponding reduction in the flow space not covered by baffles [6].

At the same velocity in the gaps between the outer edge and the tank wall increases, the circulation in the baffles
wake are deformed toward the quasi-solid flow region, thus making a significant contribution to the azimuthal velocity
profile in the headspace of the flow. In turn, the impact of this gap on the dependence of the circular highlights the
dynamic fluid effects on the plane baffles appears as significant as in the initial moments of the passage of time there is
the effect of "slippage" of the fluid in the wall region, which reduces peak force on the baffles [7].
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Fig. 4. Contour image circulation in the wake
for continuous adjacent baffles at Re, = 920: and - 6-cell; b - 8-cell

Thus, in the considered range of Reynolds numbers flow structure essentially depends on the width of the
baffles, the number and their location relative to the tank walls. This allows to vary the influence on inertia within and
thus accurately determine the value of disturbance compensation effects on the liquid side.

Conclusions

The analysis results of this study revealed that in the range of Reynolds numbers of 700...12500 in spherical
tanks of spacecraft might be axisymmetric laminar flow of liquid fuel, the presence of stable circulation, which creates
resentment and dynamic loads on the wall. Determination of hydrodynamic fields in these flows allows you to set the
structure of flows in specific areas in the vicinity of baffles in the wake, the wall region and on the edges of the walls.

On the basis of the results obtained, the distribution characteristics and flow circulation structure in the specific
areas of the tank with baffles can set the minimum number of baffles, their width and location near the walls of the most
effective influence on the flow. By the nature of the wakes formation and flow at the baffle edges can be to establish the
effect of baffles on the quasi-solid flow in area not covered by baffles and thus more accurately determine the nature of
the baffles effect within the whole.

Comparison of experimental data on quasi-solid flow region allows us to conclude a strong influence on its
walls, in which the decay rate is much faster than, for example, spaced solid construction. Analysis of numerical
simulation results allowed to clarify the qualitative picture of the flow in the vicinity of the baffles and indicates
sufficient complexity hydrodynamic fields in the flow of a viscous incompressible fluid. This, in turn, must be
considered when drawing up the nomogram force effects, which is introduced into the on-board spacecraft computer
stabilization system for optimization of compensatory measures during its orbital flight.

CTpyKTypa HHEPUHMOHHBIX TeYeHHUH B TOILIMBHOM pe3epByape ¢
HANPaBJIAIOIMMY aNNapaTaMu

B.A. KoBasen

AHHO”’HH{M}Z. Ue]lb. Hccneoosanue euapoduHaMuquKozo MEXAHUIMA 6HYMPEHHUX meuenutl monaued 6 6aKax KOCMU4eCKux
annapamos ¢ GHYmpeHHUMU HANPAaGISIOWUMU ANNAPAmMamu 0t 3P@OeKmugHo20 ynpasneHus HCUOKOCHbIO.

Memooonoeus u nooxoo. B cmamve npeocmagienst pe3yiomamst IKCNEPUMEHNANLHO20 U YUCTEHHO20 MOOEIUPOBAHUS BHYMPEHHUX
meueHull Monauea 6 6aKax KOCMUYeCKUx annapamos ¢ GHYmpeHHUMU nepe2opooxamu, osudxcyuuxcsa no opoume 3emnu. Tloxasana
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CMPYKMYpa NPUCMEHHbIX meyeHull - 001acmb CIMeHKU, CHYMHbLIL Clled, OKPeCMHOCMU KPOMOK nepe2opooku u m. 0. IIpedcmaenensi
HECKOIbKO CIy4aes Cywecmeosanus 00HO20, 08YX U HECKONbKUX BUXpell UlU YUPKYIAYUL B0KpYe NepezopoooK U 8 CB0O0OHOM
npocmpancmee pesepeyapa, KoOmopbvle Xapakmepusyom HepeemuiecKue napamempsbl UHEPYUOHHbIX nomokos. IIpuseden ananus
CMPYKMypsl U 2UOPOOUHAMUYECKUT MEeXAHU3M YUpKyaayutl 8 ouanasone uyucen Peiinonvoca 700 ... 12500, nosseonsowuil
npeoCcmasums KapmuHy 0CeCUMMEMPUYHO20 UHEPYUOHHO20 MeYeHUs. U PAYUOHATLHO PACNOLONCUMb HANPAGIAIOWUe annapamsl 6
nomoke. Taxkum 06paszom, 23mo no3eoisem payuoHaIbHO blOupams g dexmusnble cpeocmea O0as KOMREHCAYUU B03MYWAIOWUX
6030eticmeull Ha CMeHKU pe3epeyapa MHCUOKOCMbIO U CYWEeCMBEHHO COKPAmumb 3ampambsl MONAued Npu OIUMENbHOM nojeme
KOCMUYECKUX annapamos Ha OKOL03eMHOU opoume.

Kniouesvie cnosa: pesepsyap kocmuueckozo Kopabis, GHympeHHee OCecUMMempuuHoe meyeHue, YUPKYIAyusa, HaAnpasisiowds
nepezopooka; uucio Peiinonvoca, azumymanvhas ckopocmo

CTpykTypa iHepuiiiHUX Te4iid y NaJMBHOMY pe3epByapi 3 HANIPSIMHUMM
anapatamm

B.A. KoBaiboB

Anomauyia. Mema. [locniodcenns 2iOpoOUHAMIUHO20 MEXAHI3MY GHYMPIWHIX meuill naiuéa 6 6axkax KOCMIYHUX anapamie 3
SHYMPIWHIMU HANPAMHUMU ANAPATNAMU OISl ePEeKMUBHO20 YNPABNIHHA PIOUNOIO.

Memooonoeis i nioxio. Y cmammi npedcmasneHo pe3yibmamu eKCHepuMeHmanbHo20 ma YUCETbHO20 MOOET08AHHS GHYMPIUHIX
meuiti nanuea 8 pe3epeyapax KOCMIUHUX anapamie 3 GHYMpIWMIMU nepe2opookamu, wjo pyxaiomuvcs opbdimoro 3emni. Ilokazana
CmMpyKmypa npucminHux meyii - obaacmv cminKy, cHymuuil ciio, okoauyi Kpailok nepecopooku i m. [. Ilpeocmaeneni Kinvka
BUNAOKIG ICHYBAHHS 0OH020, 080X | OEKIIbKOX GUXOPI6 ab0 YUPKyIayill HABKOIO NEPecoPOOOK i Y GLIbHOMY NPOCMOPL pe3epsyapd, siKi
Xapakmepusyloms eHepeemudti napamempu inepyiunux nomoxie. Hasedeno amaniz cmpyxmypu i 2iOpoOUHAMINHUL MeXaHi3M
yupxyaayiti 'y oianasoni uucen Petinonvoca 700...12500, wo 0036015¢ yasumu KapmuHy 0CECUMMEMPUUHOb iHepYilinoby meyii i
PpayionansHo po3mauilyeamu Hanpsamui anapamu 6 nomoyi. Takum wunom, ye 0038019€ payioHanbHo Gubupamu eghpekmushi 3acobu
01 Komnencayii 30yproioyux 6naueie Ha cMinKu pezepgyapa piouHoio ma iCmomuo CKopomumy GUMpamu NAaauea npu mpueaiomy
NOAbOMI KOCMIYHUX anapamie Ha HA8KOI03eMHil OpOimi.

Kniouosi crosa: pesepsyap kocmiunozo kopaOis; HymMpiuHsI 0CecUMempudHa meuvls, YUPKYIAYis, HANPIMHA NepecopooKd; YUCIo
Petinonvoca; asumymansvra weuokicmo
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