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THE STUDY OF PRESSURE FLUCTUATIONS IN THE
PRESSURE LINE OF THE PUMP AND OF THE
EFFICIENCY OF THE VIBRATION ABSORBERS

O.B. Koponvos, Yocoy Xyiroii. JlocniazkeHHsl KOJTMBAaHb THCKY B HamipHiii MaricTpai Hacocy i epexTuBHOCTI poGoTH racurelis
KOJIMBaHb. Y CTarTTi HAaBEJCHO PE3yNIbTATH CKCHEPUMEHTAIBHUX JOCIILKCHb KOJIMBAaHb TUCKY B TPYOONPOBO/AX MOPIIHEBUX HACOCIB. AKTY-
AIBHICTH JOCTIKEHb 00YMOBIIEHA HEOOXIJHICTIO 3HIDKEHHS KOJMBAHb TUCKY, SIKi YTBOPIOIOTHCSI 00’ €MHIMH HACOCaMH, 3B)KAIOUH Ha iX Hera-
THBHUI BIUTUB HE TUTHKU Ha HAAIHHICTH POOOTH HACOCIB, ajie i HAa TOYHICTH BUMIPIOBAHHS BHTPATHU 1 THCKY CEPEIOBHIIIA, IO MOAAETHCS TAKUMH
Hacocamu. Mema: MeToro IbOro JOCIIPKEHHS OYyJI0 BUBYEHHS TiPaBIIiYHIX XapaKTEePHUCTHK ITyJIbCYIOYNX MOTOKIB B HAIMPHHUX MariCTpaisix
MOPIITHEBHX HACOCIB CKPAILIEHOrO Ta3y, a TAKOXK JOCTIHKEHHS epeKTHBHOCTI poOOTH raCHTEIIB MyJIbCalliif THCKY 1 BIAMOBIAHOCTI 1X apaMeTpiB
pospaxynkoBuM. Mamepianu i memoou: TIprBogaMy BUKOPHCTOBYBAIIHCS TTOPITHEBI HACOCH — OJTHOMIHIMHMI 1 TprmiHiitHWA. B Xoxi BumpoOy-
BaHb (DIKCYBaNMCs KOMMBAHHS THCKY B HAIMipHIK MaricTpami. s bOro BUKOPHCTOBYBAIIMCS MATOIHEPLiiHi qaTanku Tucky Ha 15,0 MIla, mo
IIPAIIOIOTH B KOMIUIEKTI 3 TEH30CTAHIII€EI0, SIKa J03BOJISIE PEECTPYBATH KOJMBAHHS TUCKY Ha YacToTax 10 10 kI'1. Buxignuii curaain TeH3ocTaHmii
MOJIaBaBCs Ha BXiJ ocruiorpacda, Mparjorodoro B pexuMi 3amnam’siToByBaHHsL. [Ipy BCiX BHIIPOOYBaHHSX JAaTYMKU TUCKY BCTAHOBIIIOBANKCS B
TPBOX TOYKaX — ITiCJIs OPIIHEBOI TPYIH, HA HAMIPHIii MaricTpali Iepex IeMI(yodrM IPUCTPOEM 1 32 HUM. B ekcriepumenTi 0yl10 BUKOPHCTAHO
TpU pi3Hi Jemndepu — JBa HOBI, PO3paxoBaHi 3a aBTOPCHKOK METOAMKOIO, 1 OJIMH IUTATHUM, SKUM YKOMILJICKTOBaHI CEpiiiHi MOPLIHEBI HACOCH.
Jlemndepn BCTaHOBIIOBAIICS BEPTUKAIBHO, BBEEHHS IOTOKY 3IHCHIOBATIOCS B HIDKHIO KDHILIKY, a BUBEJICHHS — depe3 OlYHy MOBEPXHIO.
Pesynemamu: TIpoBeneHi eKCIiepUMEHTANbHI JTOCIIPKEHHS iATBEP N 3aralibHE MOJIOKEHHS 010 OLThIIOT e)eKTUBHOCTI CKJIATHUX CKIIAJie-
HUX (UIBTPIB i MO0 NPAaBUIBHOCTI 0OPAHOI METOIMKH IX PO3PaxXyHKY, 3allPONIOHOBAHOI aBTOPAMH paHillle; 30KpeMa, (paKTHIHUI PiBEHb I10-
crabJIeHHs1 KOJIMBaHb THCKY Ha Po3po0iieHoOMY AeMiidepi Hal3BUYaitHO TOYHO 30ircs 3 pO3paXyHKOBUMH PE3yIbTaTaAMH.

Kniouosi cnoea. mopiiHeBnii Hacoc, neMrdep, THCK, KOIMBaHHS.

0.V. Korolyov, Zhou Huiyu. The study of pressure fluctuations in the pressure line of the pump and of the efficiency of the
vibration absorbers. The article presents the results of experimental studies of pressure fluctuations in the pipes of piston pumps. The relevance
of these studies is due to the need to reduce the pressure fluctuations that create a positive displacement pumps, due to their negative impact not
only on the reliability of the pump, but the accuracy of flow measurement and pressure of the medium supplied to such pumps. Aim: The aim of
this study was to investigate the hydraulic characteristics of pulsating flows in pressure lines piston pumps of liquefied gas, as well as the study of
the effectiveness of the dampers of pressure pulsations and conformity of their parameters to the calculation. Materials and Methods: As a drive
used the piston pumps — single-line and trilinear. In the tests recorded pressure fluctuations in the pressure line. For this purpose the low-inertia
pressure sensors 15.0 MPa working complete with strain test station, which allows registering the pressure fluctuations at frequencies up to
10 kHz. Strain test station output signal fed to the input of the oscilloscope operating in memory mode. In all tests the pressure sensor is mounted
at three points - after the piston group on the pressure line before the damping device and after it. In the experiment, three different damper was
used - two new, designed by the author's method and one regular damper, which are equipped with serial piston pumps. Dampers installed
vertically, the flow entering to the lower cap, and an output through the side surface. Results: The experimental results confirmed the general
position of the greater efficiency of complex composite filters and the correctness of chosen method of their calculation, proposed earlier by the
authors. In particular, the actual level of weakening of pressure fluctuations on developed damper with a high degree coincided with the calcu-
lated results.

Keywords: piston pump, damper, pressure fluctuations.

Introduction. The relevance of this study is due to the need to reduce pressure fluctuations that
displacement pumps create. These fluctuations have negative impact not only on reliability of pumps, but
also reduce the accuracy of flow measurement and pressure of the medium supplied by such pumps.

DOI 10.15276/0pu.3.50.2016.08

© 2016 The Authors. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

ENERGETICS. HEAT ENGINEERING. ELECTRICAL ENGINEERING



42 . . . . ISSN 2076-2429 (print)
Ipaui Oxecpkoro NoaiTeXHiUHOrO yHiBepcuteTy, 2016. Bum. 3(50) ISSN 2223-3814 (online)

As an example, it may be noted several cases of destruction of the tanker of liquid nitrogen during their
filling out with piston pumps, which occurred in 1986 at the localization of the Chernobyl accident.

The tasks of the study were to obtain information on the pressure fluctuations during normal
pump operation and with a feed failure mode at different points of the stand. At the stands the absorb-
ers of pressure fluctuations developed earlier by the authors [1] were investigated, as well as regular
devices reducing the flow pressure fluctuations, calculated according to standard procedures [2...4].
In addition, to identify the comparative characteristics of the work of damping devices was among the
objectives of the study.

The aim of this study was to investigate the hydraulic characteristics of pulsating flows in
pressure lines piston pumps of liquefied gas, as well as the study of the effectiveness of the dampers
and pressure pulsations and conformity of their parameters to calculation.

Materials and Methods.

Methods of experimental research and technical support for the experiment. The tests were
conducted at the stands of the Odessa National Polytechnic University in the engine room of the
Department of Atomic Power Plants and LLC “Krioprom” (Odessa, Ukraine).

As a drive the piston pumps are used, commercially available from LLC “Kislorodmash” —
single-line pump model 2NSG-0.063/20 and the trilinear pump 2NSG-0.42/15.

During the tests we recorded pressure fluctuations in the pressure line. For this purpose were used
low-inertia pressure sensors LKh-417 for P.,=15.0 MPa which work complete with strain test station
L-7000, which allows recording pressure vibrations at frequencies up to 10 kHz.

Strain test station the output signal is input to S8-13 oscilloscope operating in the memory mode,
which allows to fix on the film the low frequency signals (up to 0.5 Hz) coming from the pressure
sensors. Shooting waveforms made directly from the screen of the oscilloscope by the camera
Canon 10D with lens “Jupiter-37A”.

In all tests the pressure sensor is mounted at three points — after the piston group, on the pressure
line before the damping device and after it. Sensor installation diagram is shown in Fig. 1.

The numbering of the sensor goes from the pump to the damper and saved so during the registra-
tion and observational results processing. Pressure pipe is made of steel pipe Du20 with a hermetic
part in the form of bellows from steel 12Kh18NOT.

On the stand three different dampers were installed — two new, calculated by the method
described in [1], and one regular, which were equipped with piston pumps manufactured by LLC
“Kislorodmash”. Constructed by calculation the dampers were muffled on both sides the pipe
segments & 70x7 and length of 0.5 and 1.0 m.

Dampers are installed vertically, low input carried in the lower cap, and an output through the
side surface at a distance of 100 mm from the bottom cover of the damper. The yield was carried out
through the orifice plate with diameter 4.0 and 5.0 mm, respectively. Fig. 2 is a sketch of the dampers.
Weight dampers were of 11.5 and 6 kg respectively. Orifice plate is designed as a Venturi.

The regular damper was a pulsation one of purely reactive type, where the damping pressure
fluctuations were carried out at a flow passing through the container of volume about 10 liters with
supported steam volume in the upper part. Creation and maintaining of the steam volume was ensured
by evaporator.

The evaporator is an aluminum casting, which are filled with a coil of steel 12Kh18NIOT and
electric heating elements. Protection of elements against overheating carried out by means of sensor-
relay temperature TR-K. The damper has a case in the intertube space of which super the thin glass
fiber for insulation is placed. Total damper weight is 70 kg.

In the trilinear pump two different drive frequency mode — 1000 and 1500 rpm, respectively, as well
as features of the pump operations in the normal and shear mode were investigated. To simulate a pump
failure mode, the device that allows pressing of the valve seat directly on the running pump was used.
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Fig. 1. Diagram of the experimental A S TS — X §5[8
stand with indication of the
pressure measuring points: 1 — &
trilinear pump; 2 — pressure line
hose; 3 — throttle orifice; 4 — 20
damper; 5 — a control valve; 6 —
thermally insulated container; 7 — Fig. 2. Sketch of damper-absorber of pressure fluctuations
feeder of failure and the throttle washer in the form of Venturi nozzle

Results and Discussion. Research conducted on the stands have shown, that during normal
pump operation, as well at failure is not observed purely harmonic signal form, which indicates the
presence of impact origin noise (Fig. 3 and 4).

When failure of one of the pump stages (in the three-way pump) pressure failure occurs in the phase
of stripped stage. However, this failure does not reach the pressure values at suction and, depending upon
the mode of operation of the pump, makes 300...400 % of the pressure pulsation in the normal mode (this is
20...40 % of the nominal discharge pressure). When you remove measuring point from the compressor the
noise of impact character pressure is smoothed (weaken), clearly visible the fundamental harmonic on the
frequency of piston stroke and pressure variations during the passage through the damper are attenuated.
Fig. 6...10 shows the results of measurements of the average value of pressure pulsations dP; towards the
discharge pressure dP; at three points of measurement along the length of the discharge pipe. The average
value of the pressure pulsations determined as the average of the five maximum values of pressure fluctua-
tions registered during the five seconds of the implementation of the process at the oscillogram.

The figures presented below shows that the dampers installed in pressure line have different
effects on the pressure fluctuations along the pipeline. Thus the installation on the stand of the regular
damper or damper H=0.5 m leads to the increasing in pressure fluctuations before the damper (Fig. 5
and 6) in 1.5...2 times in comparison with the pressure fluctuation just after piston.

A feature of these dampers is that the relative pressure fluctuations in the supply failure mode for
the drive pump frequency n=1500 rpm reaches its greatest value at a discharge pressure of 15.0 MPa,
and at a frequency of n=1000 rpm with pressure of 100 MPa.

Research of a level of pressure fluctuations reducing in the normal pump operation mode has
shown that the regular damper reduces the pressure pulsation to 1.3...1.8 % for pump drive frequency
n=1500 rpm and up to 2...2.5 % for n=1000 rpm. The damper H=0.5 m smooths out the pressure
pulsations up to 0.9...1.4 and 0.6...1.0 % for the respective pump drive frequencies. However, in mode
of failure to supply the smoothed pressure fluctuation for the regular damper reach the values of
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6...10 % and 4...5.5 % from the initial pressure for damper H=0.5 m. Obviously, these dampers do not
satisfy the operating conditions of piston pumps.

The best indicators in the tests had a damper H=1.0 m, specially designed for working on carbon
dioxide (Fig. 7 and 8).

First, the installation of the damper to the stand does not increase the pressure upstream of the
damper, as it was in first two cases. Second, the value of the smoothed pressure pulsations reached the
calculated values of 0.5...1.0 % of the initial pressure (the pressure at the outlet of the pump) and did
not change when you change the frequency of the pump. And the third, smooth the pressure pulsations
in the pump failure does not exceed 2.0...2.5 % of the initial pressure, which is in 2...4 times lower
than the values given in this case by other dampers.

b a b

Fig. 3. Oscillograms of pressure fluctuation (damper  Fig. 4. Oscillograms of pressure fluctuation (regular
H=1.0 m, n=1500 rpm, Py=15 MPa) a — normal damper, n=1500 rpm, Py=15 MPa) a — normal
operation mode; b — mode of supply failure operation mode; b — mode of supply failure

The damper H=1.0 m also was tested in teamwork with single piston pump. The results of
analysis of experimental data is presented in fig. 10, which shows that the smoothed pressure pulsation
does not exceed 1 % in the pressure range of 10...20 MPa from the initial pressure, and the pressure
pulsations on damper decreased in 13.6 times in average.

As in the case of trilinear pump, the pressure fluctuation along the pressure line is reduced.

Thus, the test of the damper H=1.0 m showed good correlation of calculated characteristics with
characteristics identified from the experiment, and confirmed its high efficiency in order to reduce the
pressure fluctuations both the single-line and in the three-way pump.

Comparing weight and size characteristics of the regular damper and damper H=1.0 m, also goes
in favor of the latter: the damper mass is reduced by almost 7 times. The process of damper manufac-
turing simplified greatly.

The experiment confirmed the general position of the greater efficiency of complex composite
filters, and the correctness of the chosen method of their calculation.

Below are the pressure fluctuations waveforms after the piston pump (at point 1 in Fig. 1), the
pressure fluctuation before and after damper (at point 2 and 3, respectively). At all oscillograms, the
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time scale is 0.05 seconds per graduation mark. The scale of the pressure in the presented oscillograms

is 0.28 MPa per graduation mark.

Here, Fig. 5...9 shows the pressure fluctuations change along the length of line in a graphical
form, which also visually confirm earlier conclusions.
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Fig. 5. The relative magnitude of pressure fluctuations
along the length of line: regular damper, n=1500 rpm,
the normal operating mode

Fig. 6. The relative magnitude of pressure fluctuations
along the length of line: regular damper, n=1500 rpm,
feed failure mode
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Fig. 7. The relative magnitude of pressure fluctuations
along the length of line: damper H=1.0 m, n=1500 rpm,
normal operating mode

Conclusions. Comparison of weight and
size characteristics of the regular damper and
damper with H=1.0 m showed the effectiveness
of the latter: damper mass is reduced by almost
7 times, with much easier process of the damper
manufacturing.

The experimental results confirmed the
general position about greater efficiency of
complex composite filters, and the correctness
of the chosen method of their calculation pro-
posed earlier by the authors; in particular, the
attenuation level of pressure fluctuations for the
designed damper coincided with calculations
presented in [1] with a high degree.

Fig. 8. The relative magnitude of pressure fluctuations
along the length of line: damper H=1.0 m, n=1500
rpm, feed failure mode
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Fig. 9. The relative magnitude of pressure fluctuations
as a function of the initial pressure: single piston
pump, n=980 rpm; damper H=1.0 m, normal
operating mode
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