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COMPARATIVE ANALYSIS OF POWER TESTING METHODS
OF HYDROELECTRIC POWER PLANT UNITS

Abstract. The paper considers a comparative analysis of existing methods of energy
testing of HPP units, such as relative and absolute method. Energy tests are carried out in
order to obtain operational and capacity characteristics of the turbine and units of the
hydropower plant, which further allows the personnel of the hydropower plant to operate the
turbine in optimal modes. Technical indicators recorded in the process of power testing are
analyzed. Positive and negative sides of the methods are considered, appropriate
recommendations for their use are given.
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Introduction. As it is known energy tests of units at hydroelectric power
plants are carried out in parallel by two methods: relative method and absolute
method. Energy tests are carried out in order to obtain operational and power
characteristics of the turbine and units of the hydropower plant, which further allows
the personnel of HPP to operate the turbine in optimal modes. This is highly relevant,
as it provides the efficiency of the unit turbine, guaranteed by the manufacturers in
all ranges of power heads [1].

Materials and methods. As a rule, energy tests are carried out in two stages
— preparatory work and energy tests themselves. Two units are selected for testing at
the HPP: one is a shoreline unit with an engaged piezometric system, and the other
is a channel unit with a good piezometric system too. The choice of these two units
is due to the fact that the characteristics of the channel units may differ slightly from
those of the onshore units [2,3]. This is due to the influence of backwater and flow
distortion at the outlet of the suction pipes by the bank located at an angle to the front
of the HPP building. Initially, all energy tests at HPPs until 1959 were carried out
only by the relative method and only then the absolute method was introduced with
measurement of turbine flow rate by hydrometric turntables. According to the
approved general program of power tests of units, all tests are carried out with the
determination of turbine absolute efficiency factor, and the modes of tests of units
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by the absolute method are selected on the basis of the preceding tests carried out by
the relative method. All ranges of load changes and opening of the guide apparatus
for different angles of turbine impeller blades turning correspond to certain heads,
which ensure the removal of operating characteristics of hydraulic units by the
relative method. Propeller characteristics are taken for all the specified angles and
heads and the corresponding envelopes are carried out. These data further serve as a
basis for selection of optimal modes for all angles, in which velocity measurements
are carried out by the propellers.

During the energy tests, the following values are recorded [4]:

1) the mark of the upstream level by four laths installed in the grooves of the
emergency gate of the spillway, and the mark of the upstream water level is taken as
the arithmetic mean of the readings of all laths;

2) downstream water level mark by two floats with scales fixed on cables, and
the floats are installed one by one in each conduit, and the downstream water level
mark is taken as the average reading of two floats;

3) opening of the guiding apparatus - according to the scale installed on the
servomotor rod of the guiding apparatus;

4) the angle of rotation of the impeller blades - on the scale on the oil receiver;

5) pressure drop in the measuring section of the spiral chamber - by water
differential manometer;

6) power of the unit;

7) unit revolutions;

8) load of neighbouring units - by panel wattmeters;

9) head at the turbine as the difference between the levels of the upstream and
downstream.

In the process of energy tests by the relative method, at least 3 measurements
of the upstream and downstream horizon, power of the unit, pressure drop in the
measuring section of the spiral chamber and other parameters were made at each
operating mode of the unit. During energy tests by the absolute method, from 2 to
10 measurements of the above-mentioned values are made in the process of flow
measurement at each mode [5].

Research results and discussion. Energy tests carried out by the relative
method aim at obtaining combined dependences of the above-mentioned quantities
without determining the absolute value of the turbine flow rate and efficiency.
Instead of the turbine flow rate, the value of the differential drop at two specially
selected points in the turbine flow path, proportional to the flow rate, is determined.
Instead of the turbine efficiency, a value proportional to it is determined. This
method allows to determine the nature of the combined dependence in a short period
of time, and hence the combined links, i.e. to determine the most economical modes
of operation of the turbine by efficiency. However, this method does not provide an
opportunity to determine the absolute value of the turbine efficiency and the
guarantee of the manufacturer, to determine the refined operational characteristics
of the unit and to clarify the methodology of conversion of the data of model tests
on full-scale turbines [6].

The purpose of energy tests carried out by the absolute method is to determine
the absolute values of flow rates and efficiency, as well as the dependence of flow
rate on head. Measurement of turbine flow rates according to this method is carried
out by determining the average velocities using a horizontal turntable row equipped
with hydrometric turntables. In order to reveal the actual conditions of the flow
approach to the gauging station and to determine the absolute values of flow angles,
additional laboratory studies are carried out on a flat model of the water intake using
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the EGDA method, and a hydrodynamic flow grid is constructed in a plane close to
the longitudinal axis of the unit. Subsequent stages of energy tests of aggregates with
flow measurement are carried out at the horizontal position of the axes of vertices

[7].

When testing the aggregates by the absolute method, simultaneously with the
measurement of velocities along the cross-sections of water conduits and other
parameters, the pressure drop in the measuring section of the spiral chamber between
the piezometric sensors was measured. Thus, for the same regime points absolute
and relative efficiency of the turbine are determined and the corresponding
characteristics are plotted. Comparison of the combined coupling curves constructed
from the unit test data, both by absolute and relative methods, indicates their
complete coincidence. Turbine performance characteristics plotted by absolute and
relative efficiency for the same heads have a complete coincidence over the entire
power range.

Conclusion. Comparison of the corresponding operating characteristics and
combined coupling curves constructed by absolute and relative test results leads to
similar conclusions. Thus, the results of the comparison testify to the mutual
coincidence of the main energy characteristics obtained from the test data of HPP
units by absolute and relative methods.
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C.B. EBaoKkumos
Camapa memaekemmik caysnem-Kypbiasic yHusepcumemi, Camapa K., Peceli

CY 9JIEKTP CTAHLUMUA ATPEFTATTAPbIHbIH KYATbIH CbIHAY S4ICTEPIHIH
CANIbICTbIPMANBI TANIAAYDI

AHpatna. Makanaga C3C arperatrapbiHblH, 3HEpreTUKasnblK — TecTiNeyiHiH
KOJIAAHbICTafbl 94iCTepiHe, COHbIH iWiHAE CANbICTbIPMAbl »KaHe abcontoTTi aaicTepiHe
Tangay kacanagpl. JHepPreTMKanblK CbiHAaKTap TypbuHanap MeH cy 3/1eKTp CTaHuuA
arperaTTapbliHbIH, NalifanaHy *KaHe KyaTTblK, CMMATTamManapbiH aHbIKTay YLWiH Kyprisineai.
Byn C3C nepcoHanbiHa TypbuHanapAbl OHTaWAbl peumaepne 6acKapyra MYMKIHAIK
bepeai. Makanaga KyaTTbl CblHay b6apbiCbiHAA@ TipKEAreH TEXHUKaNbIK KepceTkiwTep
TangaHagbl. SAicTepaiH, OH KJHe Tepic KaKTapbl KapacTblpbiabin, OnapAbl KOAAaHy
60MbIHLWA YCbIHbICTap bepineai.

TipeK ce3pep: 3HepreTUKanblK cblHakTap, C3C arperaTtapbl, abcontoTTi agic,
canbicTbipmansl agic, C3C TypbuHanapbiHbIH, NakganaHy cunatramanapbl, 6afbiTTayLbl
annapar.

C.B. EBaokumos

Camapckuli 2ocydapcmeeHHblli apxumeKkmypHO-cmpoumesbHbili yHUsepcumem,
2. Camapa, Poccua

CPABHUTE/IbHbI AHAIN3 METOA0B UCMbITAHUA MOLLIHOCTH
ATPEFATOB r'MAPO3/IEKTPOCTAHLUIA

AHHOTaumMA. B cTaTbe paccmMaTpMBAETCA CPaBHUTENbHbIA aHaNU3 CYLLECTBYIOLWLMNX
METOL0B 3HEPreTMYecKoro TecTupoBaHuA arperatoB MIC, TaKMX KakK OTHOCUTENbHbIN U
abCoNOTHLI MeToAbl. DHEpPreTUYeckne UCNbITaHUA MPOBOAATCA C LLe/Iblo OnpeaenieHus
3KCMAYATAUMOHHbIX M MOLLHOCTHbIX  XapaKTepucTUK  TypObuH M arperaTos
r’MAPO3NEKTPOCTAHLMN, YTO B Aa/ibHEeMLem MNO3BOAAET NepcoHany CTaHUMKM YNpaBaAaTb
TypbrMHaMM B ONTUMaNbHbIX peKMMaXx. B cTaTbe aHaIM3MPYOTCA TEXHUYECKME NoKasaTenu,
3apUKCUPOBaHHbIE B NpoLLecce UCMbITaHUM MOLHOCTU. PaccmaTpmBatoTCs NONOKUTE IbHbIE
M OTPUUATENbHbIE CTOPOHbI METOA0B, @ TaKXKe Aat0TCA COOTBETCTBYHOLLME PEKOMEHAALMN
No UX MCNOJIb30BAHMUIO.

KntoueBble cNoBa: sHepreTMyeckmne ucnbitaHusa, arperatol [3C, abcontoTHLIN meToa,
OTHOCUTE/IbHBIA METOZ, 3KCMNAyaTaLMOHHbIE XapaKTepPUCTUKM TypbuH MNC, HanpasaaowWwmin
annapar.
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