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Abstract

In this paper the optimal CAM characteristic isatatined for a unit of 22 MW with 12.5 m designed head and
185 ni/s rated discharge, in a run of river power plant.

Field tests aere performed, first in the conditiofishe actual CAM, then with the CAM relation beskoff. The
efficiency is obtained at different runner bladesl juide vanes opening combinations across a rahpeads. The
optimum three dimensional combination between thmer blades opening and the guide vanes operunglifferent
head values is determined to maximize the realatiperal efficiency.

The conclusion is that the efficiency in the coiadis of the new CAM characteristic increased uR%, with a
smaller opening of the guide vanes, which decrefised 6% to 9% of the total opening.

The results are confirmed analytically, by trangpgshe model theoretical efficiency curves to thal operational
conditions (head and discharge).

The determination of the real efficiency curve ahd optimal CAM characteristic is important alsornfr the
vibration point of view.
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1. Introduction

Considering the present efforts for increasing dheen energy production, one of the easiest
things to do is to optimize the operation of theldoyunits. For existing Kaplan turbines, index
testing and optimization are the best way to assi@enaximum efficiency and power output.

The necessity of analyzing the optimal CAM chanastie for this particular hydro power plant
comes from the real on site operation conditiortsclvare different from those supposed when the
plant and turbines were designed. In the initiajgut, the position of the runner referred to the
downstream level is — 1.5 m to — 2 m. Because thdé downstream dam is not yet built, the
downstream level is lower than designed and théiposf the runner is above downstream level
at + 2 + + 3 m. This changes totally the head ef tilrbines, from 12.5 m to 16 m, so the best
efficiency point and the optimal CAM characterisdie different from those designed.

2. Experimental setup

Field tests are carried out on a hydropower pldiRR) located on one of the internal rivers from
Romania [1, 2]. The HPP is situated on the rivezash. In figure 1 the reservoir and the dam are
presented. Figure 2 presentes the HPP cross section

The analyzed Kaplan turbine has 22 MW at 12.5 edraead and 185¥s rated discharge, in a
run of river power plant [3]. In figures 3 and 4tturbine runner and guide vane and the generator
stator are presented.
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Fig. 3 — Turbine runner Fig. 4 — Generator stator and turbine guide vane

3. Measurements

First, for a number of operating regimes with tletual CAM combination, the hydrounit
efficiency curvesr{) depending on reported discharg# ) and the corresponding combination of
guide vanes opening{;) and runner blade angl&), are determined.

In the second part of the tests, the CAM relat®hroken and a series of operating regimes with
constant runner blade inclinations reported tortteximum inclination & =2.5%,S =15%,S =
25%,S = 37.5% ands =50%) are tested. For each inclination the vammatf the flow parameters
as a function of the reported discharge are meddgare

- the guide vane opening,qy, reported to the maximum opening;

- runner blades inclinatiory, reported to the maximum inclination;

- the level after the upstream grifl;;

- downstream levely;

- pressure difference indicated by the two pressaps on the spiral cassh;

- electrical powerPy.

The upstream and downstream levels are measunegl th& existing equipment on site.

The reported discharg®®, is measured using a differential pressure transdwith a precision
of 0.25 % (fig. 5), connected to the two pressapstiocated on the spiral case. It is proportiomal
the absolute discharge, according to the equation

Q =kvAh [m'3. 1)

2
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Fig. 5 — Differential pressure transducer Fig. Blectrical parameters monitoring system

The electrical power is measured using a monitogygtem, with a precision of 0.3%. It is
presented in figure 6.

The guide vane opening.y, and the runner blades inclinatiof, are measured using the
existing equipment on site.

The vibration of the turbine shaft and of the tnebicover are measured for both actual and
broken-off CAM characteristic.

Shaft sensing proximity probes are used to obtalative displacement measurements of
rotating or reciprocating shaft surfaces. Theyramunted in a traditional manner [3], the vertical
probe being located directly above the shaft ab’'tldbck, and the horizontal probe on the right side
of the shaft at the 3 o’clock position (fig. 7). élvibrations signals are acquired using a data
acquisition system, with an acquisition frequent$@00 Hz.

The turbine cover vibration is measured using atelecometer. The main advantages of this
kind of vibration transducers are that they measaseng or structural absolute motion and can be
easily attached to structure. It is mounted onttinbine cover as shown in figure 8. The signal is
acquired using a data acquisition system, withcauigition frequency of 1000 Hz.

The first analized upstream level is the higheStiil due to existing conditions. Then, the entire
measuring procedure is repeted for the lower uastrievel of 14.8 m. In the computation stage,
the results for a third medium head of 15.4 m ateninined by interpolation methods. Finally, the
results covere all the operational domain.

Fig. 7 — Vibration transducers setting on the tuebi  Fig. 8 — Accelerometer’s location on the turbingaro
shaft
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4 CAM characteristic

All the results are computed for the net head uiegequations:

Ho Y
— nc ' 2
Q. =Q I'N (2)
32
H
P=P —"| . 3
c H, (3)

The following figures are presented for the highpstream level, which corresponds to a 16 m
net head.

The data obtained for the original CAM characteriste presented in figure 9 — the reported
efficiency curve and in figure 10 — the relationvibeen guide vane opening.y, and the runner
blades inclinationS.

On the basis of data analyzed, efficiency curvesdaawn, depending on the discharge and on
power output, for each (fig. 11). By drawing envelope curves around éficy curves, optimal
efficiency values are determined.

The guide vanes opening.§) for each runner inclination are represented danation of
reported discharge and power output (fig. 12). Bgrnecting the points corresponding to the best
efficiency points for each, the optimal CAM characteristic is obtained.
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For the new CAM combination obtained, the efficieris computed and compared to the
original one (fig. 13). The rated discharge is darah case of the optimum CAM, which proves the
importance of the tests.

The rated best eficiency point at 16 m net headnmst the same for both CAMs, and the power
output of the hydrounit is 17 MW (fig. 13). Thiswer output is obtained in the optimal CAM
combination for a guide vane openig = 65.2 % and runner blades inclinat®n= 37.5 %.

In figure 14 the original CAM combination and thesulted optimum CAM combination are
presented, for all three net heads.

For theoretical determination of the optimal operat conditions, the unitary model
characteristic of the turbine (fig. 15) is transpw$or the analyzed turbine.

The calculus is made for turbine runner diametés of and the rotational speed of 83.33 rot/min,
for a large range of net heads (from 10 m to 24figy, 16), using Moody relation for turbine

efficiency
D 02 D 02 n 01
o =1-( ) on(B] () @

Considering the net heat 16 m in figure 16, the hmaaizal power of the turbine at the best
efficiency point is 18 MW. This happens for a guikne opening o& = 39° combined with a
runner blades inclination @f = 19° (fig. 16). For an average value of generatficiency at 95%,
results a power output of the hydro unit of 17.1 MW

This result is very well correlated with the expeental results from figure 13, where it can be
seen that at the best rated efficiency point, thegs output is 17 MW.

The runner blades inclination varies 30° and thdeguane opening varies 50°. Considering the
best eficiency point of the new CAM characterigic= 37.5 % ands,q = 65.2 %), the absolute
values arep = 11.25° for runner blades inclination amd 32.6° for guide vane opening.

This confirms the optimisation of the new CAM, besa the same power output (17 MW) is
obtained with a smaller opening of the runner anth® guiding vane, so with a lower discharge.

All these results confirm that in the real openmatomnditions, with a lower downstream level, the
power output of the hydro unit at the best efficierpoint is reduced from 22.5 MW (designed
value) to 17 MW, for 16 m net head.
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5Vibration analysis

For all measured regimes, the vibrations are atslized. The results are presented for the
following power output values of 8 MW, 12 MW, 15 M#hd 18 MW at 16 m net head, with the
actual and broken-off CAM characteristic.

Machinery vibration characteristics processed nimetidomain and in frequency domain can be
presented on several distinct types of plots. gares 17, 19, 21, 23 the shaft orbits are presented
for four power output values, corresponding todhginal CAM combination. In figures 18, 20, 22,
24 are presented the orbits obtained after the C&&tion breaking, close to the optimum regimes.

Theese kinds of plots are useful to identify thafspreloads. The presence of various types of
unidirectional forces acting upon the rotating nastbal system is a normal and expected
characteristic of machinery [3].

In figure 25 and 26 the frequency spectrums arsgmted for the vibration signals acquired on
the turbine cover, for power output of 15 MW, cldseeal best efficiency point. It can be seen that
the amplitudes are lower in the operation regineselto the best efficiency point (fig. 25) than in
the actual CAM at the same power output (fig. 26).

X [mm]
X [mm]

Fig. 17 — Turbine shaft orbit, original CAM
characteristic,
8 MW power output

Fig. 18 — Turbine shaft orbit, broken-off CAM
approx. 8 MWS = 2.5% ands,y = 45%

X [mm]
X [mm]

Fig. 19 — Turbine shaft orbit, original CAM Fig. 20 — Turbine shaft orbit, broken-off CAM
characteristic, 12 MW power output approx. 12 MWS = 15% andsy = 55%
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Fig. 22 — Turbine shaft orbit, broken-off CAM

Fig. 21 — Turbine shaft orbit, original CAM
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67%

=50% andsy =

approx. 18 MWS

0.08

0.01F - — 4 - -~

:

450

e — = — —

|

|

| |
- -p--7--
ﬂ ‘
po—y
150

|

1

0.1

0.08f - -4 - - -

[A] epnydwy

0.03f - -4 - - -
002 - -4 - - -

001 --4--

500

450

200 250 300 350

50

100

50

500

350 400

300

Frequency [Hz]

FFT plot of the vibration signal on thiekine

250

200

50 00

0

Frequency [Hz]

Fig. 26 — FFT plot of the vibration signal on thiekine

Fig. 25 —

broken-off CAM approx. 15 MW,
37.5% andsy

S

cover,

cover

original CAM characteristic,

15 MW power output

= 64%



Georgiana DUNCA, Diana Maria BUCUR, ConstantiAlGNOIU, Eugen Constantin ISBSOIU

6. Conclusions

In this study field tests are performed for a hydmit which equips a run of river HPP, first in
the conditions of the actual CAM, then with the CABationship broken off. The efficiency is
obtained at different runner blades and guide vansgion combinations across a range of heads.

In the paper the results for one head are preseterlaim is to determine optimal CAM for
current conditions of operation (low downstreamel@wand the hydro unit behavior in operation at
various regimes in terms of level of vibration.

After analyzing the measurements results can lbedsthat the optimum CAM relation obtained
by measurements is very different than the actnal ti can be seen that efficiency maximum shifts
from a reported discharge of 9°mto 8 nf>. The recommended optimum operation in terms of
optimal CAM relation is 6+8.5 fiT, which corresponds to a electric power of 12+19 MW

The shapes of the shaft orbits show a slight pdetdahe shaft that forces it to have an elliptical
motion in all analysed cases. The direction ofdHat displacement is coherent with the direction
of the flow entering the turbine impeller. Howevercan be seen that the shape of the orbits
obtained for the original CAM relation are tightend irregular which indicates that in the new
conditions of CAM relation the hydro unit has ampnmoved behavior from the shaft vibration point
of view.

Regarding the turbine cover vibrations analysisait be seen that their amplitudes are decreased
in the best efficiency point comparing to the valumeasured in the case of the original CAM
characteristic.
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