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Resume

Comme Le rendement des turbines dans les stations hydro—électriques
est 1’un des plus improtants” valeurs de garantie " , La méthode de
mesure et de calcul des quantités correspondantes devront donc etre
prise en considerticn d’ une maniére tres attentive.

(et article est essentiellement consacré aux essais de mesure du
rendenent des turbines dans la station hydro—électrique de KALAN et a
la comparaison des resultats avec des " valeurs de darantie”.

ﬂ ailleurs, guelques recommandations concernant l/augmentation de

1 la précision des mesures et du calcul du rendement réel des hydro-

. s
turbines seront presentées.

Summary

Az the efficiency of the turbines in hydro electric power plants is
one of the most important guarantee value, then the measuring method
of the relevant quantities and calculations shculd be considered
gquite well.

This paper will mainly deal with the tests of measuring the turbines
efficiency of the kalan hydro power plant and comparison of the tests
results with the guarantee valnes,

Also, some recommendations towards increasing the accuracy of the
measurements and calculation of the actual efficiency of the hydro

turbine are presented.



1. Iatroduction

The kalan hvdroelectric plant is owned and operated by Tehran
regional water board {TRWB) . The owner awarded the contract for the
electromechanical equipment of kalan power plant (3%38.5 MW) to the
GIE co., Italy.

The studies of the plant was done originally by Sir Alexander Gibb &
partner, England and the supervision of the works and commissioning
was done by Lar Consulting Engineers, Iran.

The project was completed in late 1988, and since that time the units
are in operation according to the reservoir level and requirements of
the network .

During 7 vears of operation, the 0 & M staff of the plant haven’t
reported any serious problems.

The delayed efficiency tests of the units was done in 1892 by =

gpecialized team from the Riva Hydroart s.p.a., Italy.

2. Description of kalan power plant

The kalan hydro plant is approximately 30 km northeast of Tehran,

the capital of Iran. Its purpose is to divert a part of the impounded
water of Lar earthfil dam into the existing Latyian reservoir, in order
to augment the supply of drinking water to Tehran as the demand

increases,
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A low pressure tunnel (approximately 19.9 km long)} connects the Lar
reservoir to a surge chamber from which a high pressure tunnel and
penstock {approximately 1600 m long) leads to a distributing manifold,
which supplies three hydro — electric generating sets {each 38,3 Mw}
and bypass valve{The layout is shown on figure No.1l-1), Hydraulic
conditions preclude the operation of more than two units at any one
time and the additional unit is intended for standby purposes only in
order to assure security of water supply to Tehran

The units are capable of operating as synchronous condensers.

The three turbines are equipped with pressure relief valves, preventing
excessive pressure rise during load rejections .

A spherical valve of 900 mm diameter is located at the ahead of each
turbine.

kach vertical snaf*t Francis turbine is rated at 39.49 MW at 750 rpm
with nominal discharze of 9.25 m"3/s at a net head of470.35 m.

The generators are vertical shaft, direct coupled {via an intermediate
shaft) to the turbime, sallient pole, synchronous type, generating
{each) 38.5 MW at 50 HZ, 13.8 KV and power factor of 0.8B3.

The units are intended to operate as peaking units , but could operate
continously for prolonged periods at maximum output and discharge.

The average annual generation of the plant is 200 Gwh.

The output of each generator is transmitted through a 43 MVA three -
phase transformer to the 230 KV switchgear station for interconnection

with the national network.



3. Measuring Systess

3.1. Discharge measurement

According to the contract, the discharge was measured by means of
currentmeters in the penstock having a 2.1 m diameter. In compliance
with the IEC codes 41-1963, 13 currentmeters {SIAP currentmeters} with
diameter of 120 mm were used. The current meters were located on a
rectilinear portion of the penstock.

The currentmeters were calibrated at the calibration laboratory of the
waters federal service of Bern and were provided with the relevant
calibration certificates.

The arrancement of the currentmeters and relevant information are

indicated on the figure No.l-2

3.2, Head measurement

In compliance with the IEC codes 41- 1963, neasurement of upstream
pressure was done by means of a dead weight manometer (Neyrpic accuracy
manometer) connected to the pressure taps at the inlet of spiral casing
{four taps, which enables to measure the pressure mean value) and
measurement of downstream level was done by means of a graduated bar.
Before and after the tests, The dead weight manometer was statically

calibrated according to the above menticned I1EC codes.

3.3, Differential pressure measurement

The differential pressure on winter kennedy taps was measured by means
of a differential mercury manometer, utilizing the taps provided on the

sprial case,



Arrangement of the measuring systems described at para. 3.2 and 3.3

are indicated on the figure No.Z

3.4, Measurement of the electric power

The electric power at the terminals of generator waz measured by means
of three wattmeters with precision class of 0.2.

Alsc three ammeters with precision class of 0.5 and one voltmeter with
precision class of 0.5 were used. The mentioned instruments were
connected according to TEC codes 41-1962 for generator with grounded
neutural.

411 the ntilized instruments were provided with the relevant

calibration certificates,

4. Test procedure

In order to check the results of the tests against contractual
guarantees, the tests was performed on each unit separately{only one

in operation) and then on twe units{each of two units in operation}.

4.1.0ne unit in cperation

The tests were performed at net heads between reference heads of 470.5mw
{¢ross head of 485.5 m } and 449 m ( ¢ross head of 464 m ! as indicated

in the contract.
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On the hill diagram of figure No. 3 the relevant reference points are
shown as C and B.

The measured valueg were subsequently converted to the reference

net heads with the guarantees, as stated in the IEC codes 41-1963.
Resides of the guarantee discharge of 9.25 m"3/s, the tests was
performed at various decreased discharges.

The above mentioned tests were alternately extended to two units

by the measuring syvstemg as alreadyv indicated.

4.2, Two units in gperation

The tegsls were performed with two unite in operation and a total
discharge of 18.5 m"3/s was flowing through the penstock,

As the net head of the tests was differ from the net indicated in the
contract {(401.01 m), the measured values were converted to the referenc
net head with the guarantee as stated in the [EC codes 41-1962 on the
hill diagram of figure No. 3, the relevant reference point is shown as

pelnt A,

5. Results Processing

0.1.Discharge calculation

The signals at the outlet of each currentmeter {1 pulse every 1/2 turn)
were routed by cables to a multichannel pulse counter {visualirzed

on LCD) At the same time the signals were stored by a computer and
processed for discharge calculation in real time.

The number of turns of each currentmeter, duration of the test and
processins for calculation of the water velocity for each currentmeter

was tabulated by = printer.
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Finally, in compliance with the IEC codes 41-1963 for the procedures of
graphic integration off;drAE and @@rdr, the relevant graphs were

recorded by a plotter (HP) , piloted by a computer,

5.2, Head calculaticn

The head was calculated by the formulas specified in the IEC codes

41-1963 {chapters I1 and IX}.

5.3.Turbine input{Pd}

The turbine input was calculated by the formula indicated in IEC codes

41-1963.

3.4.Turbine cutput{Pt)

The turbine output was determined by the following formula:

Pt= Pr + Pa

Pr: Active power measured at the terminals of generatcr
bv the instruments mentioned at para.3, with the due correction
of the errors attributable to the instruments and relevant

instrument transformers.

Pa: Mechanical and electrical losses measured during generator
efficiency tests by means of calorimetric tests.
According to the contract, the generator losses includes the thrust

bearing losses attributahle to the turbine.
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sWEfficiency calculation

3.

4

- One unit in operaticon
The turbine efficiency was calculated as ratio of the frubine output
{lPt) to the turbine input {(Pd)}.

- Two units in operation
The output of each turbine{Ptl,Pt2) was measured by means of
relevant set of instruments.
on the basis of the above mentioned measurements, the mean
efficiency of the two turbines was determined by the following
formula:

Pt1 + Ptz .102

5.6.Calculation of winter kennedy taps constant

The constant of the winter kennedy taps was determined as the ratic
of the discharge ¢ measured by the currentmeters at various load)
to the root of the differential pressure f measured by the
differential manometer}) at the same load, thus Ziven by the

following formula:

Q :discharge in m"3/s
Ah : differential pressure mm Hg 1/2
on the figures No.4-1 to 4-13 samples of calculations and tests
relevant to para. 5.1 to 5.6 and also other informaticn for the

specific condition are shown.



6. Comparison of the tests results against contractual guarantees.

The zamples of the tests results {calcu.ations and curves} for one
unit and two units in operation are indicated on figures Xo.4-:

to 4- 13 .in compliance with the IEC codes 41-1983 {chap V.TT1}

the tahulation of the measurements and test resulis are indicated on
figures No.3-1 to 5-2 for cnme unit {unit Yo.l! and two units [ units
No.l and No.2 ) in operation.

iccording to the contract, " the efficiencies of the model turbine,
full size turbine , denerator and the complete generating set shall
not be less than the values stated below for operation at normal
speed, rated veltage and rated power factor oversxeited, under the

- ey "

pean £ross head of 264 m, the turbine discharging 9.2 m 3/s .

Na. of operating set :
Iten ;
. o i
! - !
oubput (MW} 36.735 33
Discharze (m™3/s) 9.23 9.25
Yet head (m) 44% 404,04
Madel turbine efficiency(%! 90.23 905249
: * :
full size turbinc 92.08(52.10) 92,01 {(82.18)
efficiency {%)
1
;
Generator efficiencv(%) ¢ 47,48 87,32
Lfficiency of complete 89.76 89.37
set (%}

¥ Obtained from the turbine efficiency vests resulits.



7.

As the model was made at a scale of 1/4 and the scaled - up
efficiency calculated from the model pecak efficiency by the noody

formula ¢ IEC 193 for Francis turbine):

—————————— (1/4Y70.2

l-?m
giving 2p=1m + 2.3 percent
And with regard to the test results, which showes comparatively
higher peak efficiency on the protolype turbine, Finally it was
comfirmed that the mentioned guarantees (relevant to the turbines)

has been fulfilled.

Ideas

The efficiency of the turbine is dependant on its hydraulic design
as well as its present condition.

In addition to the turbine design, the actual efficiency loss is
caused by several factors.

A4 number of these factors and also recommendations are presented
as foilows:

For field testing of hydro turbines, using of modern technology
(computrized) should be noticed qulte well,

Modern technology provides real time recording of measured data,
immediate control and evalution of the measurement, high accouracy
and reduced error frequency of the measurements. Good post -
processing of the data is also necessary to achieve a clear

presentation of the results.

0
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0f course, proven software and gualified test persennal are needed

for successful measurement.

If the tests are done after a long period of c¢peration of the units,
then some matters should be noticed. For example, water quality

can be an important matter. Experiences showes that abrasion from
quarts - sand is often found in hydro turbines and can greatly

reduce efficiency.

During the tests, it is better to check the gitnation of the frequency
of the unit (connected to the network). In weak and unstable

networks, mostly the frequency of the system is lower than the

neminal value, which causes serious problems in the cooling system

of the unit and finally increases the losses of the unit.

1f both of generator and turbine efficiency tests at site are foreseen
in the contract, then in order to increase the accuracy of the

tests, simultaneous performing of the above mentioned tests (as far

as possible ! iz recommended.

in order to measure the output power of the generator {(during the
tests) , mostly the existing instrument transformers in the
switchboards are used. As the precision class of such instrument
tranaformers are not suitble, using of instrument transformers

with higher precision class (for example 0.2) is recommended.



I0A Y

W ngi8=T

wig oy wer o

0¢ 007

=

Jjeicae | o]

GLCEOL NIV

QUL 00 HOA
QL UE TR

IBATY aoedire]

HEIEARTG 0] . =— mmm ......... :|I¢|_
WMH
S
Cpian oy
e

e 4 JaMog OIpA[) ueTey

JATEA
ssudig a0 o

£Z°0 dots
"

/ fauuny axnssald g |
P

o o

i

Gt e

pagors

juej abang

%

‘|3!N PR Oz

TEEALAALE

weq Jej




5
RN T INMANS
& T e

Warer direction | |
C.ommf] N Thg =———

7 b *
- IA-; L etal :|'|1‘\1‘_-'\:_"'\:T'1\_'EC_.:_C.\'\1:I
: R T LS VR

A an

UG, WL

ban

Sosegr poce

_' B

% 4 5 . / i
,/ l-" ‘/ // / 1 / // S /,'
s / ,/ e ,‘/ _/" 1’ ri

__________ /.\Vg,-aa& penscdC diameler _
S s :
- i
: : J ) 5 :
R R I W o S T B ;
E 1 " - ‘l;“ X .
s : ----------------------------------- I' ................................ ..:
o .4 Weees, L) 3¢4 i ={o) :
. S e R el DS
Bl e | 363 23 ‘

185 256
784 -

LW £55 ‘2
143 gear ' i‘-‘_ = 4051
{3cas A e ! ‘..n....‘IDBZ e
:.__ : : rR,3 - ‘10143

; Ra 1051




Fig, 2 . Arrangement of the measuring svstenms
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SERIAL 1
EMENT BY CURRENT METERS

POWER ﬁLQNT: KALAN
a. 1
DISCHARGE MEASUR
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One unit in operation - Efficiency versus discharge
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One wnit in operation - Pover versus servomotor stroke
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1 - Discharge versus servonotor stroke
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One unit 1n operatlo

Fig,
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RIVA HYDROART S.p.A.

POHEZR PLANT KALAN * UNIT No.1 -

Test numker

ha

FINAL RESULTS

1=
‘2-
3-

11-

(T} taking into account 34.87 k¥ of

KATER DENSITY AT 26.5 {oC3] =

WATER DENSITY AT B [°C] =

STATIC PRESSURE UPSTREANM TEE TURBINE
STATIC PRESSUREZ QCUNSTREAM THE TURBINE
TOTAL DISCHAGE THROUGH THE FENSTOCK
DISCHRRGE THROQUGH THE UNI®T UNDER TEST
DISCHARGE THROUGH UNIT No. 2

TOTAL CINETIC T=RM

NET HEAD

HYCRAULIC POWER

MZASURED ACTIVE PONER (%)

Pa

turbhine and

12- POWER FACTOR pf =
13- GENERATOR LOSSES Bh 2
14- NECHANICAL POWER AT TURBINE SHAFT P: =
16- HYDRAULIC TURSBINE EFFICIZNCY (%%) Eta'=z
(*x) taking into account the obstruction effect

17- TURBINE EFFICIENCY (xxx)

(*xx) caculated as stared by the contract

18- REFERENCE NET HEAD

19~ POWER AT REFERENCE KEAD

20~ DISCHARGE AT REFERENCE HEAD

Eta

Fu
Q

996.717 kg/m3

999.883 kg/m3

40.
G.
18.
Q.
?.
1
414,

37?58.

34210.

382
656
319
312
207

.38

427
738
707

bar
bar
bar
bar
bar
bar
m
kw
kw

governcr losses

0.
B6S.
35075.
e2.

B42
203
?10
P34

kw
Kw

%

of current neters

W2y

404,300

33554.

2.

405

895
175

%

kw

m3/s
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