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Indox Testi ng of Hydraulic Turbines is 2 means of dsheruiving the
reiative flow through them - as contrasted with the measurenant of
absoiute Tlow as desoribed in the ASHE Power Test Code for ﬁyaraulle -
Prime Hovers.

Those of us wWao have hed personal experience with Index Testing
realize 1tz ussefulnosy. Fowaver, Judging from the relatively small
nunber of wnlts tested by this Mathod 1t would appear that the Method
has not beea adsquately publiclzed,

Our Teat Code Committes is pregsently consldering an Addendum to the
Code which would resognize Index Testing for certaln purposes., How-
evar, the need for some vublleation on the subjeet apveared to be
urgent, It was to £111 this immediate need that thils paper was undere
taben, ‘ _

Before viewing %the lantern slides and’ goinw into any of the detalls
of Index TESuzng it should be of interasst to review a 1litila of its
higtory - how it vas u@valoped %o its presemt atatug, :

The basic hy&réulie nﬂ nezpl@s of Index Testing are not new. Prace.
tiemlly all of the Yethods of Index Testing are modifizations of
wall known meuhode of meaSLring abgoluts | 10m.

There are several meuhcés ol determining relative flow through g
turbine discussed only briefly in the papsr. Une group of methods,
21l basged on the same pr inciple,has been vather fully described,

This group has been, and 8t1ll ig, by far the most commonly used, The
¥Hethods in this zroup are =211 besed on ths relation betwesn veloclity
and pressure in s Ffluid when flowing through converging and diverging
tubes. This relaticnshln wag {irat set forth by the Italian phlloso=
vher J. B, Venturi in 1796. Lo '

hearly a century 13»9” in 1887, an englnser of the Holyoke Water
Power Company, Mr. Clomens Horsehal made a very vraotical apwlioation
of this relationshin and invented the Venturi, Metere :

in the first quarter of this ceﬁtury, thers was great progress in the
turbine industry both &s to gquality and sizs of hydraulle turbines..
This progress was sccomvanied by and to a largze extent mads possible
by a corresponding progress in the elecirieal industry. Thus by the
early 1920's g1l the vrineival turbine buildere had several very
large turbinss to the;r credit, 4

However, the Venturi ‘Meter was not vractical for measuring the rlow

through such huge turbines and other methods were develobed as are
now deaerlbed in the Gade.
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By theee methods the sbgolute flow through the turbine can be meag-
ured - at the time the test is run and at the head avolying during

the test. The datas has no avnlicabtlon ten years after the test nor
to any subatantially different head. : :

Engincers saﬁ - particularly those emvloyed by Power Commanles -
that 1% woul& be of great advantage to know the flow all the time,

Several methods were developed: however, the ones moat commonly in
use today and which I ghall describe briefly, are thosse developed by
Hessrs., Winter snd Kennedy then of Alahama Power Company and Hr, J. A,
Pgck then of HNew England Power Enginesring and Service Comvany.

Both of these’ methods and many vossible modifications of them are based
on the Venturl Principle., A differential manometer is connected be-
tween two volnts in the stream flow of the turbine 1tself - one noin%
being of high vpreasure and low velocliy and the other of lower pressurs
and higher velocity. _— :

The differential pressure ls a measurs of the velocity head difference
between the two vointg, the friction loss being negligible,

The manometer differential in feet of water which we éhall hereafter
¢call D ig

| 2g
The veloclity, therefore, <X # D

and Qa Kﬁ
which 1s the basle formula for s Venturi Meter,

In the 1920's in quilte a few instances when Accevtance Tests were run,
this differential manometer was calibrated against the absolute dis-
charge not only to determinse the value of K go that a continuous record
of Tlow would be vossible, but algo I belleve Lo vrove out the method.
That 18, to show that the dlscharge did ¢ +/D. It eventually became
apparent that Q Aid <¢ 7D as long as the vlezometers were proverly lo-
cagted. It was found that there was conslderable latitude in the plez-
ometer looatlon, the essentials being that they were free of eddy
effeots and that the flow vnattern did not change with load at that lo-
catlion. However, by eticking to certaln loecatlons and thereby

- accumilating experience, it was pozelbls %o oradlct the amount of de-
flection and the value of X in advance, thereby vermiting vurchass in
advance of a continually indlecating flow meter,

The exnerience with these piezometers having been satisfactory, we
Tind starting in the 1930's, thess viezometers and differential men-
emeSer belng used on turbines without any concurrent gbesolute meagure-
s2ept of dlscharge at all. Vhen thus used, they indicate only relative
ow. Relative efficiency can also be obtained in this way. This 1s
an Index Test in the purest azense. . ' - P ' -



A gerins of test rvuns are madse over 2 range of gate onening., The
point where the guipus is mazimun is the waximum effﬁe&oncj.

2

The.maximum efflciency can be asaumed %o be & certain value.»leay 923,
“Then having measured the head and the outrut agcurately, the discharge
can e caloulated relotive 4o the sssumed veak efficiency.

'Howl dividing this @ value by YD we have s value of K,

I% is not zn absolute value ~ guch as would be obialned If ve had
made an absoluts discharge measuremend.

It e only as correst as our eatimate of the peak sffieciency.

By spprlying this value of X to tae;’3mvalues at the other gate oven-
- ings, we oan obtain a relatlve dlssharge curve and a relative sfficlency
eurve,

The following slides will 1llustrate

1. Vhere the piezometers have been located and glven satislactory
regulta,

2. That Index Testing 1s a dependable and accurate way of detprmining
relative dlischarge.

3. A generzl outline of how an Tndex Test ig run.

4, Bome of the benelfiss of Index Teqﬁﬁng.

5. DPomething whilch does not apvear in the oreorint of the vansy? - g
ligt of ﬁu“bines built by one manulfacturer which have been tested
by the Index Methed.

813de #1 (Pigure 6), This shows the losatlon of the vlezomelers
accorain@ to the W&ntera?onneay Mothod., Uszually more than one low nres-
surse tap is insitalled. The sloser (radially) %0 the stay vanes the
‘greater will bs hy -~ hp. By putting in several low pressure taps &
cholce may be mede among them gelesting the one which best suits soma
‘permanent Flow indlcating device. From the practical standpoint addi..
tional taps add a safeby against the possiblility of one becoming d9=
fective during the test.

S81ide #2 (FPigure 7). This slide very well confirms the aseurasy of
index testing by the Winter-RKennedy HMethod. It is maﬁe from the re-
aulis of the Bonneville Service Unit Test on an 81° adjustable blade
turbine. ch polnt reprssents an absolute measursment of flow by the
galt 3 elociuy method 2nd a corrvesponding manometer deflection. By
plotting log D sgalnst log @ the points “fall very closely on a 1ling =
such that Q = ED.%88, A Jine with exponent .5 would go through the
points almost as well. This curve also shows that the relationship -
holds indevendently of head ~ the points bsing at substantlally foud!
diffsrent heads, Alsc the relationship holds indevendent of quantiiy
of flow -~ that is ths piczomaters are not affected by slight changé“ﬂn

direotion of flow due to change in gate angle, [EES

il 4

S1ide #3 (Figure 8). Thia shows the loeation of the niezometevs
-3 ;
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according to the Peck Method. Scmetimes the hlgh vrosoure plezomelter.
iz plaeed at an angle olockwlae several degrees from that shoun.

Blide #4 (Figure 9). A confirmetion of the accuracy of the Peck Method
le demonstrated hew@. The test was made on a Franels turbine at the
Swinging Bridge Devalooment of Rogkland Light and Power Company near
Port Jevvia, N,¥Y, The plszometers were locatoed as in the provious
glide,. The abSOIUGP Q wmspgurensnts wers nade wcestly by sali veloslity
mathod but also five points by Pitot Tube., The points €all in lins
such that the exponont of P is .B in thisg cass. -

8lide #4A ~ Hers is Purther proof that Q varies aﬂ'fﬁ: Thig ¢ime %he
abgolute water neasurenents were nade by the Gibson Method, Thas test
was made on ons of the maein Xaplan units at Safe Havbor.

8lide #4B « On the Francis type service unita at Safs Harbor, the Differ-
ential manometer was calibrated against Current Moter measurements,
Here also Q varies as+ D, .

811de #8 (Figure 10). Sometimes provisions were not made for viezometers
and wiren an Index Test was made 1% waz necegeary to install them at the
time of the test. Thess plezometer locatlons wsre actueally used in

such cages. Thay wera oily temporary installations for the durziion of
the test. No sgbsolute Q measurements were mede at the time. The pur-

- pose of these tests were primarlly to determine the best gate~blade ro-
lationahip on Kaplan Turbines. They served this purpose adeguately.

Mow we shall run quickl§ through a seviesz of glides illustrating how
an Index Test is run have .chosen asg the examnle & Xaplan turbine
because the benefits of Index Teeting are most apvarent with this tyoe.

S1ide #3 {Figure 11). This is the turbine setiing. The piezometer lo-
cations were as indicated., The vrime purposse of the test was te chegk
the blade~gate relationshiv., No absolute measurement of the water
quantlty wae made. The manomeber was located on the genserator £1007 -
thls made possible by pressure alr on the manometer header.

Slide #'? (F-’igure 16) This slide shows ths objesctive of the test w
¥hen the unit was ut.a.t.@;neu, the relationshiop marked "Initial Can" was
to the best of anyone’s knowledge thet whioh would nroduce maximum .
efficlency. Due to differences between the water passages of the modsl
and the nrctotvue howaver, actually the beat relationshio wae found

on %est to be that sho'm by tha curve marked “Optimum Cam®., HNow let

ug g2¢ how thls correct relationzhln was obtalned.

Slide #8 (Figure 12). Thie is the summary sheet of the actual readings
- made. : : o

Hote 1 - The test was completed in four hours,
2 = Ve used grogs head - 1t varied 1little from net.. : '
3 - We measured the generator output, determined the losses and

088 - oconverted to turbine output,
Beci 4 . We converted the data to a common gross head of 41 fast. -
705 - Note that it ig /D which'varlesfﬂgr ot D,

B ol 5
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Blids #9 (Figure 13), D agsinest servomotor stroke, The polnta
eircled through which the dotted lines ars drawn are the astual points
« ploGted as the test was belng run, It 18 best to do thie so that
any srratic polints will show up and can be re-run,. o

Eﬁr&%&e'pointsimight ba crused by S , -

1 « Incorrect realding the manometer soale,:

2.- Plozometer line not complately blsed of alr. :

3 - Ay gotting into the turbine from the inteke if not sufficlently
' sealed. (On one cceasion oa s turbine in a vacuum fiume, I found
alr entering the flume Through cracks in the conerete, I got a
gallon of roofing compound, a gun osuvlked the oracke. '

‘&11&?-#10 (Figure 14). Turbine output versus servomotor stroke.at
several Fixed Blade Anzles, o

Blide #11 (Figure 15), HYaving obtained the basle test data, we now work
it into usable shape.  First, from the susnary shseet we plot HP/ /D
against Output at the averags head during the test.~ this seriss of
fized blade angle curves, Whers HP/ <0 is maximum, is the point of
maximun efficiency. In this cage 1974 at an outout of 6660 HP, Ve
assunel an effislency of 91% for this poinb. The turbine wea designed
for a head of B2 fest. AL 41 Pfeet efficliency would be less than normal.
Then we can figure 9 on this basis, It Pigures to be 1574 CFS, By
reforring back to our surves of HP? versus gate opening we can deterning
~%hat at which the output wss 8880 EP, ‘ -

Enowing this gate ovening, we can find from %he vrevious curve the
corresponding value of % U, : ' B

If'wasfs;SS

Slance K = 0, X = 1974 o 487
- ¥ 3.38

Uslng this X value, the relative discharge at the other points was de-
termined and plo®ted. The cam was ohangsd to inerease the gate opening
for a given bladle angle. Thus we arrived ab our objlective - ag shown on
the cam shave curve whieh I initislly showed you. You ocan sae that an
actual gain in efTlolency was brought about as result of the test.

Slide #12 (Figure 4). This, together with the next slide, will illus-
Trate an additional uas of Indax Teads on Kaplan $urblnes. Yhan a unis
i3 80 sot with respect to tailwater as 1o be affacied by cavitation, ..
the effects upon vower and effislency may be shown and eafe operating
limits get, I% will bo noted that the performance suffers aopreciavly
in both outout and efficiency when the blade angle ls lncreased from 28

to 32°, This is the effect of cavitation,

S1lde #13 (Figure 6). Tho heavy full line iz the prototype performance
determined by an Index Test. The light full line is the modal stepped

up for aige and head when tested in a estting such that ecavitation does
not occur. Ths dotted line shows the offect of cavitation on the same

- model with sigma the same as on the prototype. Note that at 220 B.A,
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cavitation had no effect on the prototyps or model. At £89, cavitation
did affect the outout somewhat, while st 32° the effeet is very vpro-
nouncsed. It is obvious that oavitauion begins %o become serious ﬂtaruw
Ang at 280 B.A, and agbout 708 gate.

Coatinuing our vresentatlon of the benefits of Index Testing.

S11de #14 (Figure 1) shovws s sample of ocurves whersby for any ncesiale
output - either Turbine HP or Gensrator K¥ « the operating force knows
the gate opening, efflclency and dlschavge. These curves might be in.
sny or all of BQVCP&I different farns to suit the operating conditions.
All against G, O or Q.

812de #15 (Pigure 5). This is an example of periocdlc Index Testing
ghowing the effeots of wear, sete., on tho turblns performance, DBased
on thess date an Operating Gomwany nay make more intelligent decisions
as to the need for resonditioning of the unit. '

Slida #16 (Spescial)., This gslide shows a 1list of all the turbines of

8. Horgan Smith Gomnany manufasture on waloh Index Tegta have besn run,
This 1ist was not completed in timz to be included in the pr@nrint
copies of the paper but will be vublished with the suthor’s closurs.
4 total of 43 Xaplan %urbines and 33" Francis turbines have been Index
Teated, This ig good, but not good enough - narticularly on the Kanlan
- burdinsg whare the benafits are so worthwhile. The Kaplan units %esbed
rapraasent Gﬁlv about 1/4 of the units of thls tyne furnilshed hy this
manufashursy

in sonelusion -

%uch useful information can be esonomically cbtained from an Index
eat., ‘ ’ '

uuch a test wmay be sonducted in all respects, except for the measure-.
ment of the water, in accordance with the ASHE Power Test Coaa. The
mathod is rslauively simple and inexpensive.

In a new Xaplan turbine thers is no definitse assurance that the,blade
gateo relationshin is verfect. The odds are grest that the turbine :
would mest ite efficienoy guarantess with the can as originally furnished,
Aowever, a £lield test of some kind should be made to make sure thal the
bagt vosalible efficienay is obiained. An Index Teat wlll serve that
partiaular purposge ag well as any other Kind, . _

I have neraonallj taken nar in many of the Index Tests 1isted on the :
lset slide and have evidence and know that the Owners and Operabors of
those units oconsider carefully condusted Index Tests have providsed them
wlth & great deal of essentlal information with very 1little expense,

Many mors turbine users than have - could profit from Index Testiﬁé. .

. . - . . e . “ i [
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#*This given as fourteen in vreorint have since 1ncludaa tha early testa'
where piezometers were calibrated against absolute flow.
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