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VISUALIZATION OF HYDRODYNAMIC PROCESSES IN A TWO-PIPE HYDRAULIC SHOCK
ABSORBER IN THE STUDY OF THE CAVITATION TRANSFER PHENOMENON

The work processes that occur in the chambers of a double-tube hydraulic shock absorber during its operation are considered, such as the flow of
working fluid through the piston valve, which is caused by the pressure difference between the working chambers. When the working fluid was
flowing in the valve-throttle tract, in throttle operation, where only calibrated holes are used, hydrodynamic cavitation was poorly developed, which
corresponds to a piston speed of about 0,25 m/s. It should be noted that when operating in a valve mode of operation, when the liquid flows through
the open valves, at critical and close to critical operating modes of the hydraulic shock absorber, developed hydrodynamic cavitation occurs. In this
regard, the operating characteristic changes, due to the occurrence of a two-phase flow, which is due to the presence of air, which leads to a decrease in
the resistance force and a deterioration in the efficiency of vibration damping by a hydraulic shock absorber. To ensure the expansion of the range of
effective operation, the operating modes were precise in which hydrodynamic cavitation occurs. One of the effective methods for fixing the occurrence
of hydrodynamic cavitation is the visualization of working processes in the chambers of a hydraulic shock absorber. An experimental stand was
developed and a prototype was manufactured made it possible to carry out the necessary experimental studies and establish the operating modes and
the depth of the occurrence of cavitation. The study of the piston valve operation by visualizing the flow in the "rebound" mode made it possible to
obtain the dependences of the flow rate on the Reynolds number and temperature, presented in the pressure range of 1-4 MPa. The experimental study
also takes into account the change in the viscosity of the liquid in the temperature range from 20 °C to 50 °C. The results of the experimental study
showed the weakest elements of the piston valve, and their analysis made it possible to determine the critical parameters at which hydrodynamic
cavitation occurs in the shock absorber. Research in the future will make it possible to modernize the design of the valve-throttle tract to prevent the
premature occurrence of hydrodynamic cavitation, taking into account changes in the viscosity of the working fluid and operating conditions. As a
result of expanding the range of effective operation and the development of a control law for the conductivity of the throttles, taking into account
cavitation phenomena and changes in the rheological properties of the hydraulic shock absorber fluid, it will be possible to develop a technical solution
that will significantly improve the efficiency of vibration damping and stabilize its performance.
Keywords: hydraulic shock absorber, valve-throttle tract, cavitation phenomenon, flow visualization, diameter, oil viscosity.

1. B. HOYHIYEHKO, O. B. Y3YHOB, K. O. BEJTIKOB, O. C. TAJIEIIbKHH

BI3YAJIBAIIA I'NAPOJUHAMIYHUAX NPOUECIB Y IBOTPYBHOMY I'I/IPABJIIYHOMY
AMOPTU3ATOPI TPU JOCJIIJKEHHI ABUIIIA KABITAINIMHOI'O IEPEHOCY

B crarti po3ristHyTo po0odi MpOIEcH, SIKi BUHHKAIOTh B KaMepax JIBOTPYOHOIO TifpaBlIiyHOr0 aMOpPTH3aTopa IIiJ yac HOro poOOTH, Taki SIK MOTIK
pobodoi piovHM dYepe3 MOPHIHEBUII KJalaH, BUKIHKAHMH HepermajoM THCKiB MK pobounmu kamepamu. IIpu mporikaHHI pobodoi piguHK uepes
KJIAMAHHO-IPOCENIbHUN TPAaKT B JPOCEIBHOMY PEXHMi poOOTH, 1€ 3aiisHi JMIIe KaaiOpoBaHi OTBOPH, TiAPOJAMHAMIUHA KaBiTalliss MPOSBIISIACS B
HEpPO3BUHEHIH (hOpMi, 1110 BiAIOBiIa€ MBHUIAKOCTI PyXy MopiuHio mpubiusso 0,25 m/c. Ciix BIAMITHTH, IO PH POOOTI B KJIATaHHOMY PEXHMI, KON
piauHa meperikae depes BiAKPUTI KJIAMAHM y KPUTHYHHUX Ta HAOIMKCHHX 10 KPUTHYHHX PEXHMAxX PoOOTH TifpaBIidHOrO aMOPTHU3aTOPa, BHHHUKAE
PO3BUHEHA TiJAPOAMHAMIYHA KaBiTallis. B 3B'I3Ky 3 I[MM BHHHUKA€E IBO(GA3HUI MOTIK, SIKMH OOYMOBJICHHIN HAsBHICTIO MOBITpPS, IO MPU3BOAUTH O
3HIDKGHHSI 3yCHJUIA ONMOpY Ta IOTIPIICHHS e()EeKTUBHOCTI TaciHHS KOJMBaHb TiAPaBIIYHUM amopTu3atopoM. [l 3a0e3medeHHs PO3IIHPEHHS
niana3oHy eeKTUBHOI POOOTH YTOYHEHO PEXHMMH POOOTH IPHU SKHMX BHHHKA€E TiApoJuHaMiuHa KaBiTamis. OmHHM 3 eeKTHBHHX MeToAiB (ikcarii
BUHHKHEHHS TifpoJvHaMiyHOl KaBiTalii € Bidyamizamis po0OOYMX TMPOIECiB B KaMepax TifpaBIidHOro amMopTu3aropa. Po3pobieHwuii
EKCIIePUMEHTAIIbHUM CTEHJ Ta BHTOTOBJICHHH MOCITIAHHMI 3pa3oK JO3BOJUIM MPOBECTH HEOOXiJHI €KCIIEPHMEHTAbHI JOCIHIKEHHS Ta BCTAHOBUTU
pexuMu poOOTH i IMMONHY BUHUKHEHHS KaBiTamii. JlocmimkeHHS poOOTH IOPIIHEBOro KiIAllaHa IUITXOM Bi3yamizamii HOTOKY B PeXuMi «BimOii»
JIO3BOJIMJI OTPUMATH 3aJISKHOCTI Koe(illieHTa BUTpaTH Big umcia PeifHosibaca Ta TemiiepaTypd, NMpeAcTaBieHi B jiama3oHi ThckiB 1-4 MIla.
ExcrniepuMeHTasbHe TOCIIIKEHHs BPAaX0OBYE 1 3MiHY B'I3K0CTi piauHu B iHTepBaii Temiieparyp Bix 20 °C mo 50 °C. Pe3ynbraTi eKCIIEpUMEHTAILHOTO
JTOCITI[UKEHHST TIOKA3aIli HAHOLThIN CabKi eTeMEHTH TMOPIIHEBOTO KIAMaHa, TAKOX iX aHali3 JO3BOJIHMB BH3HAYHTHA KPUTHUHI MApAMETPH, TPH SKHX
BUHHUKAE TiAPOJMHAMIYHA KaBiTallisi B aMOpTH3aTOpi. JJOCIi/UKEHHS B MTOJATBIIOMY JO3BOJISITE MOZICPHI3yBaTH KOHCTPYKINIO KIaIlaHHO-IPOCETEHOTO
TPaKTy ISl 3arlo0iraHHs Iepel4acHOMY BHHHKHEHHIO TiIpOJMHAMIYHOI KaBiTalii 3 BpaxyBaHHSAM 3MiHH B'SI3KOCTI poOOYOi PiIHHH Ta YMOB
eKkcIuTyaranii. B pesympTaTi posmupeHHs fiamazoHy e(eKTHBHOI poOOTH Ta PO3pOOKH 3aKOHY KepyBaHHS IPOBIJHICTIO APOCEIIB 3 ypaxyBaHHIM
KaBiTalifHUX SBHII Ta 3MIiHM PEOJOTTYHUX BJIACTHBOCTCH PIOMHM TiIPaBIiYHOrO aMOPTH3ATOPY MO3BOJNUTH PO3POOUTH TEXHIYHE PIILECHHS, IO
JIO3BOJIUTH CTaOLIi3yBaTH pobOUy XapaKTepPUCTHKY TiIpaBIiYHOrO aMOPTH3aTOPa.

KurouoBi cioBa: rinpaBimiuHmil aMOpTH3aTOp, KIAMAHHO-IPOCENbHMII TpaKT, SBUINA KaBiTalii, Bi3yamizallis IIOTOKY, XiaMeTp, B'A3KiCTb
MacTuna.

H. B. HOYHHYEHKO, A. B. Y3YHOB, K. A. BEJIHKOB, A. C. TATEITKHH

BU3YAJIM3AIIUA THAPOANHAMMUYECKUX ITPOLECCOB B IBYXTPYBHOM
I'NAPABJIMYECKOM AMOPTHU3ATOPE ITPU HCCJIEJOBAHHNU ABJIEHUA KABUTAIIMOHHOT'O
INEPEHOCA

B cratbe paccMOTpeHBI paboune MPoIecchl, BO3HUKAIONINE B KaMepax ABYXTPYOHOT0 IHAPABINYECKOr0 aMOPTHU3aTOpa BO BPeMs ero paboThl, TaKue
KaK MOTOK pabodeil )KMAKOCTH Yepe3 MOPIIHEBON KialaH, KOTOPHIH BbI3BaH IIEPEHaaoM AABICHUH Mexay pabounmu xamepamu. IIpu mpoTexaHuu
paboueil >KHIKOCTH B KIAIIaHHO-APOCCEIBHOM TPAaKTe B APOCCEIBHOM PEKHME PabOTHI, IJe UCIONB3YIOTCS TONBKO KaIHOPOBAHHBIC OTBEPCTHS,
THAPOJHHAMHIYECKAs KaBUTAIMS MMela Majo Pa3BUTOH XapaKTep, YTO COOTBETCTBYET CKOPOCTH IABIKEHHUsS mopmHs mpumepHo 0,25 m/c. Crnexyer
OTMETHTB, YTO NPH paboTe B KJIAIAHHOM PEXHME, KOI/a JKMAKOCTh MEePeTeKaeT Yepe3 OTKPBIThIC KIIaNlaHbl NPU KPUTHYECKUX M MPUOIMKEHHBIX K
KPUTHYECKUM PEXHUMAaX pabOThl THAPABINYECKOTO aMOPTU3aTOPa, BOHUKACT Pa3BUTAs THAPOJHHAMHYECKAs KaBUTAIMA. B cBA3U ¢ 9TUM BO3HHKAET
JBYX(ha3HBIHA IOTOK, YTO 0OYCIOBICHO HAIMYHEM BO3IyXa, KOTOPBIA IPUBOAUT K CHIDKCHHIO YCHIIUS CONPOTUBICHHS U yXyIIIECHHIO 3()(hEeKTHBHOCTH
raIIeHust KoJieOaHui TUapaBIMYecKUM amopTu3atopoM. it obecrieueHus paciupeHus auana3ona dpGpexTuBHON paboThl ObUTH YTOYHEHBI PEKHMBI
paboTBl, HPH KOTOPHIX BO3HMKAET THApPOAMHAMHUYECKas KaBHTamusl. OpHuM u3 d(QGEeKTHBHBIX MeTONOB (HKCAIUH BO3HHUKHOBCHUS
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TUPOAMHAMUYECCKON KaBUTALMM SBISIETCS BU3yalu3alds pabouMX MPOLECCOB B KaMepax THIPABIMYECKOro aMopTu3aTopa. Pa3spaboraHslii
OKCIICPHMEHTAIbHBI CTCHA M HM3TOTOBJICHBIH ONBITHBIM 0Opa3sel] MO3BONMIM IIPOBECTH HEOOXOAMMBIE OSKCIICPHMEHTAIBHBIC HCCICIOBAHHSA U
YCTaHOBHTH PEXHUMbI paOOThHI M ITyOMHY BOSHHKHOBEHHs KaBuTaluu. VccienoBaHue paboThl MOPIIHEBOrO KialaHa ITyTeM BH3yallM3alUH IIOTOKA B
pexHMe «OTOOH» TTO3BONIMIIH MOJIYYUTh 3aBUCUMOCTH K03 dHIIeHTa pacxoa OT yncia PeliHoibaca 1 TeMIepaTyphl, IPEICTaBICHHbIE B AHAIa30HE
napiaennii 1-4 MIla. DkcriepIMEHTaIBPHOE UCCIIEOBAHIE YIHTHIBACT H3MEHEHHE BA3KOCTU JXKUAKOCTH B HMHTepBaine TemmnepaTyp or 20 °C mo 50 °C.
Pe3ynbTaThl 3KCIIEPUMEHTAIBHOTO HCCIICOBAHMUs IOKa3adn HauOonee ciabble 3JEMEHThI MOPIIHEBOrO KJalaHa, a TaKXkKe MX aHaJIN3 I103BOJIHII
ONPENEINTh KPUTHYECKHE TapaMeTphl, P KOTOPBIX BO3HHKAeT IMAPOAMHAMHYECKas KaBUTalMs B amopTtusarope. MccienoBaHus B JanbHEHIIEM
MO3BOJISIT MOJEPHU3MPOBATh KOHCTPYKLHMIO —KIIAMAHHO-APOCCENIBHOrO TPAaKTa [UIs IMPEJOTBPAILCHHS IPEKACBPEMEHHOIO BO3HHKHOBEHHUS
THAPOJMHAMHYECKOH KaBUTALMH C YYETOM U3MEHEHUsI B3KOCTH paboyeii )KHKOCTH U YCIIOBHI KCIUTyaTaly. B pe3ynbrarte paciipenus quana3osa
3¢ deKTHBHON pabOTEI M pa3pabOTKHM 3aKOHA YIPABICHUS INPOBOJMMOCTBIO Jpocceneil ¢ yd4eToM KaBUTAalMOHHBIX SIBICHHH M HM3MEHEHHS
PEONIOTHYECKUX CBOWCTB JKMAKOCTH THAPABINYECKOTO aMOPTU3aTOpPa MO3BOJUT pa3paboTaTh TEXHHYECKOE PpEIICHHE, KOTOPOE ITO3BOJIUT
CTaOWIIH3HPOBATH PAOOIYIO0 XapaKTEPUCTHKY THIPABIMIECKOI0 aMOPTH3aTOpa.

KaioueBble cJI0Ba: THAPABIMYCCKUAH aMOPTH3aTOpP, KIIANaHHO-APOCCETBHBIA TPAKT, SBICHUS KaBHTAILMH, BH3yaIM3allMd NOTOKA, JHAMETD,
BSI3KOCTh Macia.

Introduction. In  machine building industry mode using the "H-L" type working fluid. Shooting of

hydraulic shock absorbers are used for damping and
minimizing oscillations in mechanical systems. Using of
hydraulic dampers has become wider as result of their
compact size, low costing and a little consumption of
materials for design and manufacturing. Typical "twin -

processes in the sample of piston valve was made via
camera at 120-1000 fps. Studies had been made to obtain
data that describe structure and parameter specialties of
the flow. Input values correspond to values on working
modes of real hydraulic shock absorber.

pipe" shock absorber has three chambers that are
connected by channels through two valve-throttles groups:
the piston valve and the base valve. The pressure
difference in chambers is caused by resistance of the valve
tracts. If fluid goes through tract on high speed, caused by
high frequency of changing movement direction and
magnitude of load value on piston rod, this means that
flow is unstable and there’s possibility of forming cavities
in the flow and viscosity changes. Usually in calculations,
flows are considered as continuous without cavitation and
gas. However, these processes effect on damping
characteristics [1, 2, 11-18]. It's necessary to study
hydrodynamic processes in absorber for taking into
account those specialties. To define circumstances of the
flow interruption, throttling characteristic and to spectate
processes in valve tract the sample for visualization was
design and manufactured. Main aim of research is
definition specialties of flow in the piston valve throttle 1 — piston; 2 — rebound valve spring; 3 — rebound valve disc;
tract on working modes and circumstances [3, 19, 20]. 4 — by-pass valve disc

1.1. Objectives: > 3

a) experimental researches of influence on the flow
rate coefficient at piston valve tract due to viscosity

Fig. 1. Studying model (the sample) design:

changes; 7
b) defining the modes and circumstances of ?

cavitation processes at the piston valve. e~
Visualization and study. Visualization had been QP i P : (%)

made by using the sample that has transparent cylinder ;_: ______ o

made of Plexiglas (Fig. 1).

Fitting of the cylinder and the piston valve of shock
absorber was sized according to their real connection as it
needs to form throttling apertures as well. Experiments
were made with pressure at the inlet up to 4 MPa and flow
rate up to 10° m%s. These quantities correspond to real
values of damping processes in shock absorber work. The
sample was connected to hydraulic system according to
scheme (Fig. 2), hydraulic system is able to imitate
working modes of shock absorber — compressing and
return (rebound). Main parameters that were controlled:
the pressure level at inlet, pressure difference at sample's
inlet and outlet channels, flow rate and temperature at the :
outlet. The temperature of the working fluid was Fig. 2. Principal hydraulic diagram of experimental stand:
controlled in the apparatus using the aries reference 1 —the sample; 2 — high-speed camera; 3 — light source;
thermocouple. Experimental studies were made for return T - reference thermocouple
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Construction parameters of 3D-model are same as
for the sample, used in the experiment. Experiment was
made via the sample of piston valve and hydraulic system,
was done on didactic stand (Fig. 3).

The experimental research technique consisted of the
following actions. Setting the required differential
pressure on the apparatus, the temperature of the working
fluid was controlled by a reference thermocouple and the
volumetric flow rate was measured.

4 2
3 6
1

Fig. 3. Experimental stand. General view:
1 - the sample; 2 — directional valve; 3 — pressure relief valve;
4 — manometers at the inlet and outlet; 5 — temperature sensors;
6 — flow meter

The required number of temperature and flow
measurements was calculated in the coordination of the
design of the experiment. Obtained experimental data
allows to define dependence of the flow rate coefficient of
piston valve throttles on Reynolds numbers and kinematic
viscosity (Fig. 4, a). The diagram shows that value of flow
rate coefficient has been increased a twice (at Rey, = 300)
due to viscosity has been changes (from 0,00025 to
0,000035 m¥s because of the fluid temperature
increasing). Curve form p =f(Re) can be explained by
influence of complex changes of density, viscosity and
aperture (defined by pressure difference) due to
temperature (Fig. 4, b).

The kinematic viscosity was calculated for the "H-L"
shock-absorbing working fluid, for changing the
temperature of the working fluid in the range of
+20 °C—+50 °C, with a density of 917 kg/m®.

The viscosity of the working fluid was calculated
using the nomogram for this type of oil [1, 9, 10] (where
the temperature range corresponded to a specific viscosity
value.) The change in viscosity was taken into account
when determining the number Reynolds number, which is
defined as

vd _pdd

_
g n

A

Re = &

where p is the density of the fluid (SI units: kg/m®); v is
the flow speed (m/s); d is the diameter of the tube (m),

u is the dynamic viscosity of the fluid (Pa-s or N-s/m® or
kg/(m-s)); ¢ is the kinematic viscosity of the fluid (m%s);
A channel cross-sectional area (m?); Q volumetric flow
rate (m*/s).

9=nulp. @)

In the general case, viscosity is non-linear in
temperature and is described by the Frenkel-Andrade
equation. The movement of fluid in the calibrated
channels of the damper can be represented by the pulse
flux density (the force of internal friction between two
layers of gas (liquid), which is described by Newton's law
into which we to express the Frenkel-Andrade law) [3, 5]:

QU _ i U, 3)
dx dx

I =—n—
where W - activation energy; kt — average energy of
chaotic motion; C - coefficient depending on the intensity
of oscillations, temperature, hopping; du/dx - the velocity
gradient is the rate of change of velocity in the direction
perpendicular to the direction of motion of the layers.

The Newtonian viscosity coefficient depends on
temperature, pressure, and the type of substance:
n="1(T,p, p).

It is known that the analytical dependence of the
dynamic viscosity on temperature according to the
research of G. M. Panchenkov has the form:

n=3v6R , 3 M 4 T2><
xe RT [1_6 RT] ,

where R is the gas constant; ®, - own volume of
molecules in the calculation of 1 g-mol; Ny - the number
of molecules in a volume of 1 g-mol; M - molecular mass;
p — density; € — the binding energy of liquid molecules, is
determined by the work that must be expended to move
infinitely long distances from its original position (this
work is equal to the latent heat of evaporation divided by
half the coordinate number of the liquid).

Temperature influence on the flow in piston valve
tract shows necessity of taking into account viscosity
changes to increase calculation precision. Visualization
showed possibility of the flow interruption because of
cavitation (existed small bubbles in the flow) due to local
areas with critical pressure, that corresponds to vapors
pressure of the fluid (Fig. 5).

It means possibility of cavitation in shock absorbers,
that have negative influence on damper characteristics.
There are two cavitation types in the hydraulic shock
absorber: volumetric cavitation in working chambers; and
stream cavitation in the flow. In general, cavitation leads
to negative processes, like as mechanical vibrations, noise,
material erosion of working surfaces, pressure pulsations
and sometimes has being accompanied with hydraulic
luminescence [4, 9].

(4)
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Fig. 4. The flow rate coefficient dependencies on Reynolds number and temperature of the piston valve tract:

a —on Reynolds number; 6 — on temperature; 1 —

Throttle-valve  Pjston valve

Stream

|II1l1II1I1IIll1IIII,E|II|IIII|H!I|III1|IIII|][II|IIII|EIII|

10 20 30 40 50 60 mm

Fig. 5. Twin-phase flow in the piston valve sample Ap = 4 MPa,
t=20°C, Q = 7-10"° m%s, 200 fps

laminar flow; 2 —

intermittent flow; 3 — turbulent flow

High value of pressure difference leads to increase
flow velocity that occurs rising of bubbles concentration
in the flow mand their volume growing. Gases in bubbles,
as known, have high compressibility and their
concentration at the tract outlet leads to change magnitude
of pressure pulsation and its frequency.

Size of bubble 1 is calculated as [5]:

R 20
Ry = /3Ry, [ -2 +=
ed 0\/20( — Py Ro]

4o

’R
V3 0 20p0 3(Peg —

Ped — PH )

®)

where R - bubble radius; py - vapors pressure, index 0 is
for values that correspond to zero-stage of bubble
evolution; o - surface tension of the fluid. Volume of
gases in bubbles depends on cavitation coefficient 2.
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Critical parameters of the flow and depends between
pressures height and velocity, that indicate the start of
stream cavitation can be carried out [6].

Volume of gases in bubbles depends on cavitation
coefficient. Critical parameters of the flow and depends
between pressures height and velocity, that indicate the
start of stream cavitation can be carried out [4]:

_ 2( P pz)

=" (6)

p-Vy

where p; — pressure of flow, e.g. at the valve inlet;

V; —velocity of flow, e. g. at the valve inlet; p, — vapors
pressure; p — fluid density.

As known, in case of drowned bores the stream
cavitation starts at the edge of bore when y <0,5. Critical
parameters, that indicate the start of volumetric cavitation,
depend on throttle shape, fluid rupture strength, vapor
volume in fluid, fluid viscosity and variables, as
temperature, pressure and velocity [9, 10]. However, in
experiment were spectated start of cavitation on the
x ~0,9-1 (Fig. 6). For twin-pipe shock absorber, it is
possible to prevent cavitation by increasing pressure of
inertial gas in the reserve tube that also increase fluid
pressure in general and by intensify cooling. That leads to
change critical values of pressure and temperature for
liquid, so the operating fluid temperature and vapors
pressure will be lower than the critical values. That
prevent foaming fluid also and make the damper
characteristics more smoothly and stable.

% >1,54; Ap =1 MPa; t =40 °C; Q = 1,5-10°m%/s

The results showed that with an increase in
temperature from 20 to 50 °C and a pressure drop of
1 MPa, the flow rate increased by 50% for the
"compression" mode.

Analytical processing of the experimental results
made it possible to determine and evaluate the effect of
kinematic viscosity for fluid on the damper resistance
force in the range 0,000035-0,0001 m?%/s (Fig. 7). At the
same time, when the temperature changes from +20 °C to
+ 50 °C, the damper resistance efforts changed almost 2
times, which is unacceptable and does not meet the
standardization requirements.

The results obtained allowed us to determine the
mathematical function for determining the resistance force
from the kinematic viscosity (Fig. 7).

Having analyzed the workflows in the damper, it is
further was installed that the of transfer coefficients
mainly have to should determine corrective action to form
the damper characteristics.

The coefficients form and directly influence the
pressure ripples in the working cavities of the following
and form the nature of the ripple and the law of oscillation
damping.

On the other hand, corrective actions of the working
characteristic can be achieved by structuring the
substance, changing the shape and concentration of
molecules (particles) in a given direction, or using
repulsive “clathrates” of heterogeneous «nanoscale»
structures (“clathrate compounds™) [20], which can be the
main tool in the design and the development of intelligent
designs with adaptive properties.

x~0,9; Ap = 1,9 MPa; t = 40 °C; Q = 3-10°m%/s

1 =0,7; Ap =3 MPa: t = 40 °C; Q = 6.10° m*/s

b g ]
x=0,5; Ap =4 MPa; t =40 °C; Q = 7-10° m%s

Fig. 6. Changes in the flow due to pressure changes at the inlet. Flow direction — from left to right (as at Fig. 5);
Ap =4 MPa; t = 20 °C; Q = 7-10"° m%s; 200 fps
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OcHoBHOM

OcHoBsHOM F = -1E+06v + 244,41
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OcHoBHOM
OcHoBHOU OcHoBHOl OcHoBHOW OcHOBHOW

v,m2/s

Fig. 7. Temperature characteristic of the damper dependence of
the resistance of the damper force when the kinematic viscosity
of the working fluid changes in the range of
0,000035-0,0001 m%s (Ap — 1 MPa; Q — 0,00001-0,00002 m?/s)

Conclusions. It was carried out that the flow rate
coefficient had been changed from 0,03 to 0,68
corresponding to viscosity decreasing from 0,00025 to
0,0000358 m‘/s. Spectated changes were studied during
experiment in three flow modes: laminar, intermittent and
turbulence. Also, was defined evolution of the twin-phase
flow at pressure difference 1,9 MPa, greater or equal. Its
characterized by spectating the bubble (diameter 0,01 to
1 mm) in the flow, after throttle aperture. As result of
bubble presence in the flow there are decreasing of
density, viscosity and modulus of elasticity. There is
correlation among these parameters and temperature that
effects on static, kinematic and dynamic damper
characteristics. To find the solution for characteristics
stabilization there are planning to precise calculations,
forms and sizes of throttles and to define protection
against cavitation and oxidative processes in shock
absorbers.

Because of in-depth analysis of work processes, it
established that the functional disadvantages of the
damper include foaming, cavitation of the working fluid,
pressure pulsations, and dependence of viscosity and
density on temperature and inertia of the working fluid.

In-Depth knowledge of the phenomenon of transfer
and accounting for transient operating modes in changing
operating conditions may be the main criterion in the
design of dampers with a stable operating characteristic.

It was also found that in accordance with the above
approach, the damping problem in a hydraulic damper
with a variable viscosity transfer coefficient was
considered when the temperature changed from +20 °C to
+ 50 °C, the resistance of the damper was halved. That
requires the use of a compensation unit — a "compensator"
and an in-depth study of rheological models and
properties of working fluids on a synthetic basis.
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