Dear Rod and Dan,

To clarify what I'm looking for, let me tell you what I'm doing
now. The methods currently used are from my experience at
Wioodward while working on the original Index Test box. I'm
not locked into this exact format for the data. I'm using the
Wioodward format hecause that's what I'm familiar with and
the data | have to work with.

The fundamental itern | hope to learn from Dan's data is the
rnanipulation method and scaling factors for the data that he
is Using now, and what USACE would prefer to see.

The Index Test Box prograrm will be adapted to work with the
data in the same manner that Dan is using for his analysis
now, and configures to manipulate the data in whatewver
rmanner USACE prefers.

It would be hetter for me to adopt Dan's conventions for
handling this data, instead of forcing my methods onwhat he
is already doing. The closer | get my methods to comply with
Dan's, the easier it will be to integrate the Index Test Box
output data into the existing body of infarmation.

The following discussion explains what I'm doing now.

As shown at right, Woodward's convention was to use
nethead in feet, and percentage of gate & hlade, with blade
at 10% intervals and gate values wherever the lines cross the
blade lines.

This data was presented at 5 heads, usually in a graph as
shown below in Fig 1. Whenever it was presented in this
graphical format, the data was digitized into a data table
simnilar to that shown at left (but without the flow and power
values that | added for the simulation).

My software development to date has used data from the
1985 USACE index test and subsegquent Woodward Index
Test Box demnonstration at Clarence Cannon dam in
Missouri. These two data sets were merged and extrapolated
to prepare the table shown at right.

At startup, the new Index Test Box program loads the data
table from a file on disk into the data array shown at right.
The hitrap to the right and below are the actual screen
display of the program in operation.
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Figure 1:  3-D cam data at 5 heads.

B 22 Cate Blade Flow DPower &
1 118 3508 O 1353.58 12844.00 j
2 118 3900 10 1610.90 15706.1d
3 118 4350 20 1864.06 18614.64
4 113 4727 30 108437 2120084
5 118 5038 40  2184.30 2364208
6 118 5383 50  503.93 26358.6d
T 112 5894 s0 281461 3031864
g 112 6611 70  3267.03 3555464
9 112 TLO9 80  3TILIT 4131864
10 118 7431 90 410475 46075.92
11 118 77.13 100 425736 48319.92
12 107 3650 O 1426.09 13140.00
13 107 4100 10 1699.05 16063.20
14 107 4560 20 1967.81 19037.70
15 107 4%60 30 220153 21683.70
16 107 5310 40 241427 24179.40
17 107  5T00 50 Z646.93 26957.70
18 107 6230 60  2997.50 31007.70
19 107 6960 T0  3456.20 3636270
20 107 T30 g0 3948.82 4225170
71 107 TRI0 90  4344.89 471Z3.10
72 107  £Z.50 100 4506.43 4941%.10
73 90 3ET0 0 166138 13724.00
T4 90 4395 10 198128 16TTMIZ
TE 00 4870 20 219547 1988382
26 90 5320 30 25T0.40 22647.42
T 90 T30 40 2R19.85 25254.04
I8 90 6L90 50 309174 2815582
70 90 6T.E0 60 350339 3238582
30 90 TEO0 70 4040.98 37978.82
31 90  EL30 80  4618.51 44135.82
33 90 8650 90 508159 4921M.d6
33 90  90.80 100 5ITLEE 51614.46
34 85 3930 0 1753.19 14014.00
35 85 4530 10 209151 17134.08
36 85 5020 20 2414.93 20306.88
31 85 5473 30 271464 23179.18
38 85  E5.37 40 297850 2579136
39 85  63.43 50 3267.20 2875488
40 85 6913 S0  3T0L4l 3307488
411 i §5  Te.63 TO  4269.95 337“.31]:;'
4 ]




The Head, Gate and Blade numbers were obtained by

digitizing the 3-D cam profile of Fig 1 that was used to & rGrah =lCizl

pragram the blade position controller. This data was . e ,

digitized to provide 11 discreet data points at 10% intervals % - - 7

for each of 5 heads, (complete data Setis on the |ast page) I n
o Constani_: E\F‘

To prepare this table, the flow and power values at 75 feet G_eneratmn g E{% 5 m"‘“‘ﬂhs:

were taken fram the USACE index test in 1985. This test Lines \ N S e

was done using the classical manual method. Data for 85 © ‘ %3 z

feet head was taken from the field test of the Woodward = 1 \3& il

Index Test Box. The rest of the data in this table was iﬁ’&,,qm

extrapolated from these two reference data sets making ‘;‘a Pi

many assumptions as to what the data shouldAwvould do. 250 A e,

| hope to get similar data far Unit #5 at McNary dam fram '@i %&T’h

this conversation so | can prepare a data table far this ; L A

turbine similar to the data presented here. s 7 |
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When it runs, the new Index Test Box prograrm draws two Figure 2:  3-D Cam On-cam data, X=GCate, Y=Blade
graphs, shown in Fig 2 and Fig 3, one with the an-cam line

interpolated from the 5-head 3-D cam data set for the

EHiSting nethead. 108 | e T
ke g Pl
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A5 the pragram runs, the QatES and blades are SWEpt back fl‘r -{::". ‘--.‘._': ]

and forth across this on-cam line by the program. At each | e
point the program collects data for another data point,
computes efficiency, then projects the new gate-blade data
point onto the known 3-D carm data for the existing
nethead, gate, and hlade on-cam relationship as shown in
Fig 2. The centerline from lower |eft to upper right is the
On-cam line.
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The yellow arcs fro upper [eft to lower right are the
Constant Power lings. The Constant Power test employed
by the Index test box will employ the unit's load-feedback (O 5 E
governor to maintain power at the setpoint while the IN0EX | s i .wouy e s, A ek !
Test Box applies a hias between the gate-hlade . -

relationship to push the unit "off-cam.” Figure 3 Predicted Efficiency map of Index Test

This method will cause the gate-hlade motion to follow these "constant power” lines as shown at right.

At each data point efficiency will be computed, and projected onto a second graph, shown in Fig 3, the predicted efficiency
for Clarence Cannon Dam's Kaplan turhine from the interpolated data table from the existing data.

Mew data will be projected on top of this graph in a different color as itis collected to provide a beforefafter image of the data
being collected — on the fly.

S0, having said all that; let me get back to my reguest.
| need the 3-D cam data that is programmed into the 3-D carm controller for Unit #5 at MchNary darm.

l'would also like whatever performance data; power, flow and efficiency (if available) for each discreet data point of the 3-D
carn map so | can prepare another 3-D cam and turhine performance data table similar to the one I'm using now.

I'r not asking Dan to do any analysis work to prepare or format the data for my use. I'mwanting to get this data in whatever
format Dan has it in and is using it in now — just give me what you've got.

I'will format the data to fit my table, and adapt my system to use the data in whatever format it is received. The same
rethods and conventions that are currently employed by Dan in the USACE analysis of turhine performance data will be
used wherever possible to make it easier to integrate the new Index Test Box data stream into the existing body of
information on USACE turhine perfarmance.

Thanks and hest regards,

Doug.
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