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DYNAMIC DAMPER PRESSURE FLUCTUATION
IN THE PUMPING SYSTEMS

O.B. Koponwos, Yooy Xyirou. JMuHaMivHi moramysayi KOJIMBaHb THCKY Y HACOCHHX CHCTeMaXx. [HepiiiiHa yacTuHa OyIb-IKOro
MPUCTPOIO 200 MAIIMHU (HANPUKIAM, Hacoca), MiBilieHa ado yKpiIjleHa Ha MPYKHOMY KapKaci, 1o nepeOyBae Mmij Jiero 30ypKy04ol cuity,
sKa Ji€ 3 MOCTIHHOK YacTOTO, MOXE OyTH CXMJIbHA O KOJIMBAaHb, OCOOIMBO MOOIM3Yy PE30HAHCHOI AULIHKH. [ YCYyHEHHsI TakuxX
KOJNMBaHb MOXKHA BJIATHCS JI0 BHKOPUCTAHHS JIMHAMIYHOTO IOrallyBaya KojuBaHb. Mema: MeTolo poOOTH € aHANiTHYHE JOCIHiKCHHS
PI3HMX JTUHAMIYHMX MOTAllyBayiB JUIs 3aBJaHb 3HIKCHHS KOJIMBAHHS THCKY B HACOCHUX cucteMax. Mamepianu i memoou: T1opiBHAIbHUIA
aHai3 e()eKTHBHOCTI (YHKIIOHYBaHHS OyB NMpPOBEJCHHI Ul JMHAMIYHMX MOTaulyBadiB JBOX THIIB — TiPaBIiYHOTO I MEXaHIYHOTO.
Pesynemamu: TIpencTaBieHo METOAMKY PO3PAXyHKY AMHAMIYHOIO IOrallyBaya KOJIMBAaHb TUCKY PIAMHM B HAaCOCaxX TiAPaBIIYHOIO i Mexa-
HIYHOTO THITy. AJITOPHUTMH PO3PaxyHKIiB JOBEAEHO O IH)KEHEPHUX 3aCTOCYBaHb i BIIPOBA/UKCHO y BUPOOHHYMi npouec. IIpoBeneHi pos-
PaxXyHKH MOKa3yIOTh, IO 3aCTOCYBaHHs MEXaHIYHMX JMHAMIYHMX IOralllyBayiB KOJIMUBAHb JOLLIbHE HA BUCOKOYACTOTHUX HACOCAX, PA30M 3
THM, IIpH OLIBIIIN YacTOTH pOoOOTH Hacoca B 6 pa3iB, BUTpaeMo B rabapurax aemmdepa B 3,5 pasu.

Kniouogi croéa: TMHAMIYHUIN racuTelNb KOIUBAHb, JeMIipep, KOJIMBaHHI, 30y Kyloda CHIIa.

O.V. Korolyov, Zhou Huiyu. Dynamic damper pressure fluctuation in the pumping systems. Inertial part of any devices and
equipment (e.g., pumps), hung or mounted on the resilient frame and being under the influence of the disturbing force that works at a
constant frequency, may be subject to fluctuations, especially near of the resonance area. For elimination these fluctuations, you can resort to
the use of a dynamic damper. 4im: The aim of the work is an analytical study of various dynamic dampers to reduce pressure fluctuation
problems in pumping systems. Materials and Methods: A comparative analysis of efficiency of functioning was carried out for two types of
dynamic dampers — hydraulic and mechanical. Results: The technique for calculating of dynamic damper of fluid pressure fluctuations in
the hydraulic and mechanical pumps is presented. Algorithms of calculations are reported to engineering applications and implemented in the
production process. The calculations show that the use of dynamic mechanical dampers is expedient at high frequency pumps, and, with
increasing frequency of the pump by 6 times, winning in the dimensions of the damper in 3.5 times.

Keywords: dynamic damper, damper, fluctuations, disturbance.

Introduction. Inertial part of any devices and equipment (e.g., pumps), hung or mounted on the
resilient frame and being under the influence of the disturbing force that works at a constant frequen-
cy, may be subject to fluctuations, especially near of the resonance area. With regard to the pumping
systems we can confidently assert that such fluctuations lead to increased vibration of pipelines,
decrease the pumping system resource as a whole, as well as to a significant error in the measurement
of flow rate, supplied in such pump. Elimination of such fluctuations can be done in one of two ways:
either to stop the impact of the disturbing forces, that in the case when the source of disturbances is a
pump system itself is impossible; either deduce the system from the resonance area, changing the
inertia and resilient components of the system. However, the case with the suction conduit of the
piston pump that is connected to a supply container of a large volume, this approach is unworkable. In
this case, you can resort to the dynamic damper (DD), invented in 1909 by Frahm.

DOI 10.15276/0pu.1.48.2016.07

© 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



36 . . . . ISSN 2076-2429 (print)
[Ipani Oxecekoro mosniTexHIiYHOTO yHIBepcHuTeTY, 2016. Bum. 1(48) ISSN 2223-3814 (online)

The basic dynamic damper diagram is shown in Fig. 1. Thus, a periodic disturbing force
P, sinwt acts on the inertia part of the mass M that contained in the mechanism. The resilient compo-
nent of the system is summarized by a spring with stiffness K. The dynamic damper is an oscillating
system with mass m relatively smaller then pump and by a spring with stiffness k. As can be seen from
the figure, DD is related with the mass M. Conditions of DD work is the equality of natural frequency
VK /m of the associated damper and frequency o of the disturbing force. In this case, the work of the
whole system is realized in such way that the mass M does not fluctuate, and the oscillating system
with mass m and the spring stiffness £, fluctuates so that elastic force of the spring is equal in magni-
tude and opposite in direction to the disturbing force F,sin®? .

Full evidence of positions presented hereinafter given, for example, in [1, 2].

We introduce the following dimensionless parameters: x,, = P, / K — static deformation of the main

system, m; ®, =+/k/m — the natural frequency of the dynamic damper, 1/s; ®, =+ K / M — the natu-

ral frequency of the main system, 1/s; p=m /M — the ratio of the mass of the dynamic damper to

the mass of the main system.
Given these values can be obtained the dependence for the relative amplitudes of oscillations of
the pump mass (1) and DD mass (2):
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Fig. 1. Schematic diagram of the dynamic damper

As we can see from (1) and (2), when the frequency of the disturbing force ® and the DD natural
frequency ®, are coincided, the amplitude of the mass oscillation M goes to zero x,, — 0, and the
amplitude of oscillation DD, respectively, proportional to the ratio of springs elasticity coefficients of
main and auxiliary mass

K
st ; .
The main disadvantage of dynamic dampers designs is their narrow range of work, which limits

their use mainly in systems with disturbing force of constant frequency, such as synchronous
machines. Recently, however, the range of DD applicability expanded by resolving the problems of

X, =—X

m
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DD work in the systems with disturbing force of variable frequency. For this purpose DD is manufac-
tured with possibilities to adjust its own frequency ®, and adjustment it into resonance with disturb-
ing force. Most often it achieved by changing the elasticity of the DD springs DD using various kinds
of design tools. Range of the frequency change w, =~k /m is wide enough to ensure that the system
had the ability to adjust and adjustment.

The aim of research is an analytical study of various dynamic dampers to reduce the problems of
pressure fluctuations in pumping systems.

Materials and Methods. When applying DD to reduce pressure fluctuations in the system, such
as a piston pump suction line, it is first necessary to determine what constitutes a mass M, and what is
meant by a spring with stiffness K. Under the weight of M we mean the mass of liquid in the pipeline.
Spring stiffness coefficient K corresponds to resilience of the compressible medium in the connected
supply tank. Mounted on the pump inlet the gas cap-damper acts as DD, i.e., k— coefficient resilience
of gas into the gas cap-connected damper and m — mass of the liquid contained between the pump
inlet and place the damper settings. This disturbing force P,sinw¢ is applied to masses M and m,

which, however, does not deprive of fairness the general considerations on the work of DD. The intro-
duction of such an analogy simplifies greatly the analysis of the damper operation in these conditions
and shows an important role not only of the resonance volumes included in the work of tanks, but also
the mass of the liquid separated by installed damper in the pipeline.

As applied to the suction conduit masses of M and m can be written as follows:

M=Fp,(L-1),

where L, ¢ — the full length of the pipeline and the length of its section from the entrance to the
pump to place the damper places, respectively;

F — square of the living section of the pipeline;

ps— fluid density.

Calculation of vibration damper frequency in such conditions will look like:

1/2
(Dd:1lk/m(P0nFJ s

Pfde

where P, — the pressure in the damper;
n — adiabatic index;
F — square of the living section of the pipeline;
V, — volume of gas in the damper (compressible volume).

Let us consider two types of pumps: the single-piston and three-piston ones. Since the frequency of
the disturbance under these conditions is ®, =2nf!' =107 for single-piston pump and ®,; =601 — for

three-piston pump, the conditions for the calculation of vibration damper frequency will take the form:

12
. FnF
o = .
PV,

Hence, the structural characteristics of the “gas cap” are defined, respectively, for the two cases:
knF _ RnF

V), = = R

(e op, 100mp,
PnF

(ng)m: ; .
3600n2p/

It should be noted that the choice of the place of installation of the damper, i.e. length ¢ is
limited to condition m << M , and therefore the damper must be installed as close as possible to the
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entrance to the pump (usually ¢ <D, , where D, — diameter of the pipe). Accordingly, the parameters

of the gas chamber of the damper, made of pipes of &70%7.0 and installed on the pipeline of
3,45x1.5 will be equal to
2

Pnd 1
V) =——t—=243-10"—, (V) =6.76- 1001
4-100mp , ! 14
and “gas cap” length, respectively, is equal to
(V,), _ 0.0987 2.74-107
(H,), = ;,dl = VR (Hd)lll=T'

As a method of struggle with significant pressure fluctuation in the suction line can also be the
installation of DD. Diagram is shown in Fig. 2.

DD that presented in Fig. 2 is a resonance absorber, i.e., it only works in the field of resonant
frequencies and frequencies close to them. In the case when the disturbance frequency becomes signi-
ficantly different from the resonant, the liquid oscillations in a pumping system become similar to
oscillation in a system without installed DD. To avoid such effects, spring elements must be installed
in such a way as to be able to change their elastic properties by changing the degree of tension (which
changes the resonant frequency of the damper).

The best design for this purpose is consistent installation of elastic-inertial elements (piston-
spring) in one housing. This vibrational chain in the case of a large number of components is a high-

pass filter, i.e., it does not pass a frequency disturbance ® > 2~k /m .
As a model system we consider DD comprising three oscillators with masses m, 2m, 3m DD
oscillation frequency in this case can be calculated as ®, = 0.283,/k/m . According to [2] it will

reduce the frequency of natural oscillations of DD in comparison with the structure shown in Fig. 2
approximately 3 times that essential to quench the low-frequency oscillations.
Ly by dsp
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Fig. 2. Schematic diagram of the DD with mechanical elastic elements

We calculate the parameters of the DD that is installed in a horizontal pipeline of J,45%1.5.

Initial data for the calculation: ¢ =7-10'° Pa — shift modulus of elasticity of a spring made of
bronze wire; p, =7800 kg/m® — density of the pistons (pistons are made of stainless steel
12Kh18NO9T); p, =808 kg/m’ — liquid density (N); G =0.833 kg/s — nitrogen consumption
(average); o, =35 rad/s — the frequencies of oscillations of piston pump groups for single-piston sys-
tem; ®;; =30 rad/s — the frequencies of oscillations piston pump group for three-piston system;
D;" =42 mm — the internal diameter of DD; D;"t =41.6 mm — the outer diameter of the piston;
R, =D, / 2=19 mm — radius of spring coils (at its diameter at its D, =38 mm); d, =2 mm —

sp
spring diameter (wire).
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The stiffness of the springs, in the system in accordance with [4]
_ ods,
8nD;,

b

where n — the number of spring coils.
The mass of the piston according to [4], is determined as

m=/{,F,-G,)p,,
where, taking the hole square for the passage f from the condition d, /D, = 0.7, we obtain an expres-

sion for the mass of the piston:

m=(,(F,—G,)p,=5407-(,,

at the value of the piston diameter d = 29 mm.

Then the expression for the natural frequency of the DD oscillations takes the form:

k cd:‘ 1
o, =0.283,]—=0.283 — =537 |—.
m 8nD;, -5.407( nt,

Taking into account that the frequencies of perturbing forces for two types of pumps are 57 and
30n rad/s, respectively, define the dimensions of the springs and pistons included in DD. For single
piston pump —

2 2
5.37 5.37 _
n-l,=|——| =0.1169 m; for three piston pump — n-/ =| —| =3.25-10 ’ m.
Sn On
By varying the number of coils in the spring, we determine the necessary length of the pistons.
Number of coils of wire for single piston pump will take to 10, for three piston pump — 2. We obtain
the following values:

1) n, =10 ¢,=0.0117 mm, 2¢  =23.4 mm, 3/ ,=35.1 mm.
2) iy =2 ¢,=1.6 mm, 2¢ =325 mm, 3/,=4.9 mm.

The calculations make it possible to construct a dynamic vibration damper as for single piston
pump, as well as three piston pump.

Conclusions. Here are the methods of calculation of dynamic damper of fluid pressure oscilla-
tions in hydraulic and mechanical pumps. Algorithms of calculations brought to engineering applica-
tions and implemented in the production process in Kislorodmash and Krioprom plants
(Odessa, Ukraine).

It is shown that the pressure variations in the suction pipe can be reduced not only by setting the
“gas cap”-damper, but also by dynamic damper of mechanical type. Calculations show that the use of
mechanical DD suitably in high frequency pumps, and with increasing frequency of the pump in 6
times, winning in the dimensions of the damper in 3.5 times. The presented method of calculation will
allow expand the range of applicability of DD in hydraulic systems.
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