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THE COEFFICIENT OF EFFICIENCY
OF HYDRAULIC CIRCUITS

O.I'. Bymenko. KoeginieHT edexTHBHOCTI rizpaBiiunoi Mepe:xi. IlepemilieHHs piguH IPOMHCIOBUMH i MOOYTOBUMH TifpaBiid-
HHMH MEpeXaMH IOPOKY MOTpedye Kibka AeCITKIB MIIbSIPAIB KilOBAaT eleKTpOeHepril Ha roauHy. Ha cboroaHi He BUKOPHCTOBYIOT KO-
HOTO YHIBEpPCAJIbHOTO [OKAa3HHKA, KU O y3araibHEHO XapaKTepH3yBaB e()eKTHBHICTH IIEPETBOPCHHS CICKTPUYHOI €Hepril y TifpaBiiuny i
edeKTUBHICTS BUKOPUCTAHHS Li€i rigpaBiidHoi eHeprii. L{e cyTTeBO yckmafHIOE ONTHMI3ALiI0 MapaMeTpiB TiApaBiIiuHOl Mepexi 3a eHepre-
THYHUM KPUTEpIeM HpH 1l MPOeKTHOMY abo mepeBipoYHOMY po3paxyHKy. Mema: MeToro poGoTH € OLiiHKa BTPAT B HAarHITAJILHOMY 00Ja1-
HaHHI TiIpaBlivHOI Mepexi, a TakoX B TPyOONPOBiAHIM il YacTHHI LUIIXOM BBEICHHS 3arajbHOI0 IMOKAa3HHKA E(GEKTHBHOCTI TpaHC-
HOpTyBaHHs pinuHu. Mamepianu i memoou: 1loka3aHo, WO IS OTPUMAHHS XapaKTEPHCTUKH €HEPreTUYHOl e)eKTHBHOCTI TifpaBIIidHOl
Mepexi He JOCTaTHbO BHKOPUCTAaHHS JHIle Koe(ilieHTy KOpHCHOI Ail HAcOCHOI yCTaHOBKH, a00 PO3paxyHKY €(EeKTHBHOCTI OKpPEMHUX
CNIEMEHTIB TigpaBiiuHOl Mepexi. {1 DOCATHEHHS IOCTABICHOI METH 3alpPONOHOBAHO BBECTU KOCDILIEHT CHEPreTHYHOI TOCKOHAIOCTI
MEpeXKi, SIKUH € BiTHOIIEHHSM IOTY>KHOCTI IIOTOKY Ha BUXO/ 13 IpaBJIiuHOi MEPEXi 10 MOTY)KHOCTI IIOTOKY Ha Bally Hacoca. Pesyibmamu:
3anponoHoBaHHH KOeillieHT BpaxoBy€e BTPAaTH HAIIOPY B HACOCI Ta y TPyOOIpPOBOI 1 1a€ 00’ €KTUBHY OLIHKY €HEpreTHyHol e()eKTHBHOCTI
Mepexi; KpiM TOro, BiH 03BOJISIE OPIBHIOBATH CHEPreTHYHY AOCKOHATICTh TiAPaBIIYHUX MEPEXK 3 PI3HUMH ITapaMeTpaMH i pi3HUMH Hacoc-
HHMH yCTaHOBKAaMH. 3arpolOHOBaHUIT KOe(hillieHT TOLIIBHO BUKOPUCTOBYBATHU MIPU IPOCKTYBAHHI TiAPaBIiYHHX MEPEX Ta MPH MPOBEACHHI
IEPEBIPOYHUX PO3PAXYHKIB.

Kniouogi cnoea: TifpaBiidHa Mepexa, KOPUCHA ITOTYKHICTb, IIOTYXXHICTb Ha Bally, OMIp MEPexi, KOCQILliEHT eHePreTUYHOl JOCKOHA-
JIOCTI Mepexi.

O.G. Butenko. The coefficient of efficiency of hydraulic circuits. Moving liquids by industrial and domestic hydraulic circuits
annually requires tens of billions of kilowatts of electricity per hour. Today there is not any universal indicator that would characterize
generalized conversion efficiency of electrical energy into hydraulic and efficiency of using of hydraulic energy. This greatly complicates the
optimization of the hydraulic circuit parameters on energy criterion in its design or testing calculation. 4im: The aim of the research is to
assess the losses in the discharge equipment of hydraulic circuits, as well as in pipeline through the introduction of common indicator of the
effectiveness of transporting liquid. Materials and Methods: We show that specifications for energy efficiency of hydraulic circuit it is not
enough the pumping efficiency of the installation, or calculate the efficiency of individual elements of the hydraulic circuits. To achieve the
goal asked to enter the energetic coefficient of energy perfected circuit, which is the ratio of output flow power from the hydraulic circuit to
the flow power on the pump shaft. Results: The proposed coefficient takes into account the loss of pressure in the pump and in the pipeline and
provides an objective assessment of the energy efficiency of the circuit; in addition, it allows you to compare the energy perfection of hydraulic
systems with different parameters and different pumps. The proposed coefficient should be used in the design of hydraulic circuits and during the
checking calculation.

Keywords: hydraulic circuit, useful power, shaft power, resistance of the circuit, coefficient of the energy perfected circuit.

Introduction. Water is a natural resource that essential for vital functions of living organisms,
including humans, and for the vast majority of processes and industries. Therefore, a major engineer-
ing problem of mankind is the timely and uninterrupted supply of water of consumers in the required
amounts. In today's world millions of kilometers of water pipes are constructed, charge of a liquid in
which usually provide with electric pumps. Due to this on moving of liquids by industrial and
domestic hydraulic circuits annually spend tens of billions of kilowatts of electricity per hour. Despite
such significant amounts of electricity, in the design of hydraulic circuits use no universal indicator
that would characterize generalized the efficiency of conversion of electrical energy into and hydraulic
energy and its efficiency. This greatly complicates the optimization of the parameters of hydraulic
circuit on power criterion in its design or checking calculation [1, 2].

The aim of this research is to assess the losses in the discharge equipment of hydraulic circuits,
as well as in pipeline through the introduction of common indicator of the effectiveness of transporting
liquid.

Materials and Methods. Algorithm of design of hydraulic circuits consists of several basic steps:

— according to a technical tasks we selected diameter of water pipeline from the standard series;
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— determined the power needed to pump a given charge of a liquid by the selected pipe diameter;

— we selected pressuring unit which can provide a certain power with maximum efficiency of the
pump. However, taking into account the efficiency of conversion of mechanical energy on a shaft in
the hydraulic energy of fluid at the pump, but do not consider the efficiency of hydraulic energy of the
fluid moving in the pipeline to consumers.

The efficiency of the pump is equal to the ration of the net power (&,), which the liquid received
in the pump, to the shaft power (,):

Nn
n= N
Net power can be calculated by the formula:
N, = pgQ,H,,

where p — fluid density, kg/m’;
0, supply, m’/s;
H, — pump head, m.
The pump head directly in the pipe network spent to overcome the static height H,, and for losses
Ah = SQi (S — hydraulic resistance of network, s>/m’). That is, for a simple pipeline the pump head

can be calculated by the formula given in the [3]:
2
H,=H,+ S0,.

Thus, increasing the resistance of network and energy losses in its pipeline leads to increasing of
efficiency and capacity of the pump, and in certain modes to increase its efficiency. Since this growth
of power consumed to overcome losses in the circuit, we can not call it helpful.

This contradiction is one example of what is to characterize the overall energy efficiency of
hydraulic circuit is not enough to use only the indicators of pumping unit. Moreover, in the absence of
the pump, this figure in principle not be used in pipelines that operate “from the tank”, i.e. flow occurs
under the action of hydrostatic pressure.

In [4] for the general characteristics of the energy efficiency of hydraulic circuits authors intro-
duced the concept of efficiency of individual elements of hydraulic circuit and proposed the formula:

11 &1 w?
—z=—z+2[—z—1Jw—éa (D

where n;, M, M, — hydraulic efficiency of the whole system, pump and n-element of the system,
respectively;
w;, w; — sectional area of individual sections .

Eq. (1) allows to estimate the energy efficiency of hydraulic system, but for real circuit where
number of elements can be up-valued numbers are not very convenient. Moreover, effectiveness of
closed valve is zero that leads to the necessity to divide by zero.

As an alternative, for overall energy efficiency of hydraulic circuit proposed to use the coefficient
of the energy perfected of circuit €, which is the ratio of power of output flow from hydraulic circuit
N, to the power which is the power on the pump shaft N,. Since output power flow N,,, equal to the

difference of net power N, and power losses in the pipeline AN, = pgSQ; , and shaft power can be

determined by the formula

N - pgO, H,

M,

then coefficient of the energy perfected of circuit could be calculated as
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where the first multiplier takes into account the energy efficiency of the pump, and the second — the
effectiveness of the pipeline circuit.

If we consider the pipeline, consisting of sections connected consistently, in which the total re-
sistance is the sum of the resistances of these sections, the formula will be the follows:

0:>'s,
_ i=1
—— .

P

e=m, 1

Results and Discussion. Let us analyze the dependence of the example of a hydraulic circuit
with variable resistance, static height H,, of which is 3 m. The hydraulic system in question uses a
pump of mark K 20/30 (132), the use of which is common in water supply systems [4].

Fig. 1 shows the corresponding head-flow characteristics of pump and circuit.

The maximum feed of pump and therefore charge of liquid Q in the circuit accounted for about
9 I/s corresponds to the minimum resistance of circuit value. With the gradual increase in resistance of
operating point (intersection point of pressure pump and network characteristics) will be displaced to
the left. On the charge scale in interval of 9 to 5.8 /s (Fig. 1), the increase of resistance leads to
increase of the efficiency of the pump.

At the same time, the effectiveness of moving of fluid in the pipeline circuit, which is charac-
terized by the expression (2) decreases. Reduced overall energy perfected of circuit €. After the transi-
tion of operating point through the point of graph efficiency maximum (5.8 Is, 1, = 0.66), as shown in
Fig. 2, increase in resistance results in reducing of efficiency of pipeline and pump, thus to further
reducing of the overall perfected of circuit.

Thus, the growth of energy losses in the pipeline the pump efficiency can be increased, but the
overall efficiency of a hydraulic circuit, as seen from the graph in Fig. 2 decreases.

H, m / Nps
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Fig. 1. Head-flow characteristics of pump (1) Fig. 2. Dependence ¢ (1) and the efficiency
and the circuit: 2 — S = 9.9-10° s°/m’, of the pump (2) from the charge of liquid
3-8=610°s"/m’ in the hydraulic circuit

The graph in Fig. 2 shows that the increase in resistance of circuit in any case leads to reducing
the charge of liquid in the system, increasing losses in it and reducing the coefficient of the energy
perfected of circuit. The exception may be circuits which, depending on the brand of the pump, on the
graph of dependence its coefficient of the energy perfected of circuit (Fig. 2, curve 1) and efficiency
(Fig. 2, curve 2) from the charge flow in the hydraulic circuits can be seen the segments with sharp
drop in of pump efficiency 1, = f{Q). On these segments decrease in the expression (2) caused by the
growth of resistance in hydraulic circuit S, can be entirely compensated by growth of the efficiency of
the pump. In this (relatively rare) event a graph € = g(Q) will have maximum.
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It is easy to see that the proposed € value can vary in the range ]0; 1[. Indeed, if the fluid is ideal (able
to move lossless), then 1, = 1, §= 0. Substituting the data mentioned in (2) and obtain the value € = 1.

Conclusions. The proposed for specifications of energy efficiency the coefficient of the energy
perfected of circuit € has clear physical content — the ratio of power flow at the outlet of the circuit to
the power fed into the circuit. It takes into account losses in pumping unit and pipeline circuit and is
universal because it allows you to compare the energy perfected of hydraulic circuit with different
parameters and different pumps and hydraulic circuits working “from the tank”. The proposed coeffi-
cient should be used in designing of new of hydraulic circuits and during the checking calculation.
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