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Abstrakt. The problem of damping of liquid oscillationsin a right circular cylinder with radial
ribsis considered. Software that allows obtaining characteristics of processesin a circular tank
was developed. Reducing load on the tanks with extinguisher liquid by introducing the dampers
ensures the dynamic stability of firefighting aircraft.
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Introduction. Study of damping of liquid oscillations in tang&firefighting aircrafts is one
of the most important problems of the dynamicslastc structures with tank partially filled with
water. Along with determining of frequencies spewatrof natural oscillations of structure and
liquid in tanks, the study of damping and, in pautar, oscillation decrements, is quite necessary
for a proper choice of the parameters of contreteays, because in the case of convergence of
natural frequencies of the structure or fluid watfrequency bandwidth of control system, violation
of the normal operation of the latter and the lokstability and controllability of the aircraft is
possible.

However, if the frequency response of an elastiaciire with tanks do not meet the
requirements, then it is common to try by artificreeans to change them in the desired direction by
using damping baffles of different shapes and siasthe tank. Effective means of limiting the
mobility of the fluid are dampers in the form ohgi and radial walls. With a specific choice of
parameters of elastic baffles, there can be afsignt gain in the magnitude of damping developed
by them, as well as in the weight ratio.

Two simplest laws of dissipative forces are ofgheatest interest:

— dissipative forces proportional to the velocityiscous damping;

— dissipative forces that bear the harmonic charaethysteretic damping — proportional to
displacement.

In the practice, along with the viscous (linearjngiéng of fluid, the non-linear damping is
often encountered, due to the presence in theycavitvarious structural elements — stringers,
frames, partitions, screens, etc. These items lasgong resistance to the movement of fluid,
which leads to intense dissipation of energy ofillesions. Nonlinear damping is usually much
greater than the linear one and, therefore, isadiqular interest.

Let us consider the main features of the nonlimizanping on the example of the damping
fluid in a right circular cylinder with radial rikasrranged on the walls.

Formulation of the problem. In engineering practice, special devices are usedstrict the
mobility of liquid in the cavities: vibration damgge They are especially widespread in rocketry,
where they are used as one of the effective meaaddress the dynamic instability of missiles in
the active part of the trajectory.

The principle of operation of most liquid vibratidampers is based on the ability of different
elements, such as ribs, perforated diaphragm, ,getds, to have a significant resistance to the
movement of fluid, which leads to a strong damhghe oscillations. This damping, as shown in
the previous section on the example of the radial annular ribs, greatly exceeds the viscous
damping in magnitude and essentially depends oarti@itude of the oscillations.

Let us consider the nonlinear fluid vibration dangpwith radial ribs, located on the cylinder
walls at the same distance from each other, fofithdamental tone of oscillations and the case of
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deep fluid b>1,5) fig. 1. Sought-for logarithmic decrement depermts three dimensionless
parameters of the system [1]
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wherek — the number of edgels:— width of the rib.
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Fig. 1. General view of a cylindrical tank with faldribs

Following [1] we can write a formula which relatiée logarithmic decrement of dissipation
energy for the periodE and the maximum potential energy of the syskenkirst, we establish
approximate view of analytical dependence for abhe Assuming that the width of a rib is small
compared with the radius of the cylinder, and tawuiral frequency and the shape of oscillations of
free fluid surface differ little from the naturakfjuency and the shape of the oscillations ofdbali
fluid in the cylinder without ribs, we determiad= andE by solving the problem of the vibrations
of a perfect fluid in the cylinder without rubs.

Maximum potential energy for the fundamental toh@sxillations can be calculated by the
formula [1]:

1.
E = pis}, ], ¥7ds (1)
The shape of the free surface for the fundameaita of fluid oscillations is given by [2]:
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We calculate dissipation energle as the work of resistance forces, which are causethe
movement of the liquid in the tangential directlmnthe rib:
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wherec, — the coefficient of resistance of a rib.
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Speedd, can be approximated by the tangential componetiteofelocity for ideal fluid on
the cylinder side in the location of the rib, andrag coefficientc, — by experimental dependence

1
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obtained for the plate in the range of values & thdicand2< 2T59°1s 20. Here 3, — the

amplitude of the vibration velocity. It is signifint that the resistance coefficient is a functiba o
dimensionless parameter, which is equivalent toubal number, and is not independent of the
Reynolds number. For moderate vibration amplitusges 0,1ro and ribs with widthb > 0,015,

the values of the dimensionless parameter do nc#egkthe upper limit of the given range. This
range is applied to all practically relevant cases.

218 . . :
For values—2 2100, the other relationship is recommendexj:=2, that is, a constant

coefficient of resistance. Assuming coefficienredistance to be constant for our range of interes
as shown by comparison with experiment, gives nwafse results.

Calculating dissipation energy for a period anchgghe expression (1), we find the desired
logarithmic decrement for one rib:

ENNER!
5=A[sing 2 (Ejz (ﬁjz ,
r r

where A — constant factorf — angle between the surface of oscillations andritheThus, the

decrement depends considerably on the geometrynetees and, what is the very important, on the
amplitude of the fluctuations in the power 1/2.

In the case ok edges, located not very often, the required degrecel of the logarithmic
decrement can be written as follows:

3 1
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Based on the obtained dependence, a computer pragas developed in VC ++ [3], which
interface is shown in fig. 2.
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Fig. 2. Software interface
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Conclusions. The results fit well with results obtained in.[The software can be used for the
design of tanks of firefighting aircrafts, and hipfs when transporting liquids.
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1O. M. Kemensim, B. C. SlukiBchkwii

3aracaHHsi KOJMBAHb Yy PiIUHI MPSIMOro KPyroBoro UMJIiHApa 3 pajiaJibHUMHU pedpamMu
Po3rnsiHyTO Mpo6sieMy 3aracaHHsi KOJIMBaHb B PIIUHI MPSMOT0 KPYroBOro HMUJIIHAPA 3 padiallbHUMU
pebpamu. Po3pobneHo mporpamHe 3a0e3medeHHs, SK€ T03BOJSE OTPUMATH XapaKTEPUCTHKU
MPOIIECIB y KPyroBoMy Oaili. 3HMKCHHS HaBaHTa)KCHHS Ha 0aKW 3 BOTHETaCHOKO PIIUHOIO IIIIXOM
BBEJICHHA JAEMII(IpYIOUMX TEPeroposoK 3abe3rneyye AWHAMIUHY CTIHKICTh NPOTHUIONKEKHUX
JITaKiB.

0. M. Kemewns, B. C. Sluxosckuii

3aryxaHue KoJieOaHUIl B KHIKOCTH NMPSIMOTo KPYroBoro IWJIHHIPA ¢ paAnaibHbIMHU pedpaMu
Paccmotpena mpoOiieMa 3aTyxaHusl KOJICOAHWH B JKUIAKOCTH IMPSMOTO KPYrOBOTO IMJIMHIpPA C
paguansHBIMH pebpamu. PazpaboTtaHo mporpamMmHoe obOecrieueHrne, KOTOPOE MO3BOJSET MOTYIHUTh
XapaKTePUCTHKH MPOIIECCOB B KpyroBoM Oake. CHIKEHHE HArpy3Kd Ha 0akd C OTHETYIIHTEIbHOM
KHUJKOCTBIO ITYyTEM BBEACHUS JCMII(PUPYIONIMX IEPEropo oK 00ecreYnBacT JUHAMHYCCKYIO
yCTOfI‘-IHBOCTB HpOTI/IBOHO)KapHBIX CaMOJICTOB.



