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RESULTS OF THE TESTING OF A
TWELVE-INCH BALL VALVE AND
A TWELVE-INCH BUTTERFLY VALVE
WITH AN ABRUPT ENLARGEMENT SECTION

by

M. M. Skinner (a)
J. P. Tullis (b)

INTRODUCTION

The use of valves in flow regulating and head breaking structures
has grown rapidly over the past several years. A lack of basic infor-
mation on the hydraulic characteristics of the valves has created numer-
ous problems for the designers of such structures. The information
needed for the proper design of the structures falls into three categories.
First, information is needed on the head breaking capabilities of the
valves (i.e., the relationship of head loss across the valve vs. discharge
for various openings). The second area is the mechanical character-
istics of the valve involving the torque or thrust exerted on the valve
shaft. The third area which must be considered, in order for the
structure to operate satisfactorily with a minimum of maintenance, is
the cavitation, pressure ﬂuctuation, vibration, and noise characteristics

of the individual components and systems.

(a) Assistant Professor, Civil Engineering Department, Colorado
State University, Fort Collins, Colorado

(b) Assistant Professor, Civil Engineering Department, Colorado
State University, Fort Collins, Colorado
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Some structures designed without adequate information on these
characteristics have experienced very undesirable operation. Some
valves have been destroyed by the erosive effects of cavitation in a
period of a few weeks or months.

The third areé is extremely important from the standpoint of
satisfactory operation of a structure and yet has received little attention

by investigators.

OBJECTIVE

In order to optimize the operating characteristics and to extend
the life expectancy of pending valve installations, the Santa Clara
County Flood Control and Water District initiated a limited laboratory
investigation of two twelve-inch valves with a standard downstream

(c)

enlargement.” "The objectives were to determine operating conditions
that may cause damaging cavitation, to investigate the effectiveness of
certain remedial measures for reducing cavitation, and to provide a

basis for extrapolating these data to geometrically similar valves of

larger size.

(c) Willamette Twelve--Inch Ball Valve, Serial No. 560079, Willamette
Iron and Steel Company, Portland, Oregon.
Darling Pelton Twelve-Inch Butterfly Valve, Serial No. 24594-1-1,
Darling Valve and Manufacturing Company, Williamsport, Penn.
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DESCRIPTION OF TEST LAYOUT

A twelve-inch Willamette Ball Valve and a twelve-inch Darling-
Felton Butterfly Valve were tested in the configurations illustrated in
Figure 1 and Figure 2,.. ~ctively., One abrupt enlargement config-
“uratioirwas used for Lulil velves. The enlargement consisted of a five-
wFeot dength of tweniyTour=inc] lr'-._j_--e’\«vuri’ch three quarter-inch end plates.
A six-inch long section of twelve-inch pipe was used as a short transition
betweon the downstream ange of the valve and the twenty four-inch
enlargement. Provision was made for the introduction of air in the
| Sides of the six-inch long transition section and in the shaft of the butter-
fly valve. A four-inch pipe was tapped into the line uiastream from the
valve and used in some tests to bypasls part of the flow into the enlarge-
ment. Ten pressure taps were located at strategic points in the vicinity.
ol il valve and enlargement. A hydrophone was mounted in the upper
.part of the six-inch transition to record pressure fluctuations. An
acceleromet er was placed on the downstream flange of the test valve to
“record either ﬁreftical-01?_‘1;01-11.;1-1'5511 acceleration. Four sets of hori-
- osgental.emd-wertically “., tra .t-‘:.'rse ports were located downstream
from the enlargement.
Primary discharge measurements were made with an orifice
located approxzimately seventy-five feet upstream from the test valve.

In arddition, each valve was calibrated in a volumetric test stand at

20, 35, 50, and 70 percc.ut openings for discharges ranging from about
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one to ten cubic feet per second. The volumetric test stand layout and
calibrations are given in Appendix D. The primary discharge meas-
uring orifice was calibrated in the volumetric test stand and also cali-

brated in place by the "Dye Dilution Method'", ('In Situ Calibration of an

-

Orifice by the Dye Dilution Method with Suggested Application to the
Rating of Other Types of Meters and Measuring Devices", F. A. Kilpatrick,
January 24, 1967, Colorado State University).

The primary indication of the degree of cavitation was obtained
from the hydrophone. Pressure transducers were used to record mean
pressures and pressure fluctuations. All data were recordeci on a tape
recorder and selected data were placed on a Visicorder. Pressures,
vibration, and hydrophone output were also recorded —manually-. Hydro-
phone, transducer and vibration meter information are listled in

Appendix F.
TESTING PROCEDURE

;‘&11 testé “-fere made without pumps in order to minirﬁize the
possibility of extraneous noise and pressure fluctuations. The total
head, referred to the mid-elevation of the pipeline, ranged from 197
feet of water to 202 feet of water during the ball valve tests and from
204 feet of water to 208 feet of water during the butterfly valve tests.
The relatively constant head for any given test sequence waé insured
by the source of supply "Horsetooth Reservoir'' shown in Appendix E -

Photograph 1.

L%
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Each valve was tested at four different openings: 20, 35, 50
and 70 percent of full rotation. Approximately fifteen runs were made
at each opening to define the various stages of cavitation. All tests
were recorded on a tape recordér for further analyses of hydrophone
output (for selected frequency band widths) vs. Sigma. At test valve
openings of 20 and 50 percent, the effect of maximum air injection,
water bypass, and a nearby upstream orifice were evaluated. Velocity
traverses were performed at selected discharges for the 20 and 50
percent valve openings.

Upstream and downstream pressure heads were meas;.lred at taps
Py and P1o., respectively, and corrected for line loss to the test valve
flanges. The "sigma' values were used for comparative purpose with
test results from recent studies for Bechtel Corporation. The "K"
term was used as the index of cavitation for plots in this report. Plots
of .'K”I'vs. hydrophone output (volts), "K" vs. valve vibration, and a
composite plot of head loss across valve vs discharge for constant
downstream head showing cavitating or non-cavitating condition are
presented.

The hydrophone ogtput was recorded for three frequency band
widths: 2-10 K¢, 4-10 Ke, and 10-200 Ke. Data for all three band
widths are provided in the data summary sheets, but only the 10-200 Kc
.was plotted vs. "K' because the 10-200 Kc band width was found to

give a better indication of cavitation.



PARAMETER CALCULATIONS

The parameters that appear on the summary sheets and/or on

the various plots ar

Discharge -

Pressure -

Vibration -

e discussed below:

expressed in cubic feet per second and measured
with a 9-inch calibrazed orifice in the 12-inch line
measured with pressure transducers and recorded
in pounds per square inch; the subscripts, i.e.,
P,, Py; etc., refer to the pressure tap locations
illustrated in Figures 1 and 2.

obtained from accelerometer readings and given

as acceleration in inches per second squared.

Hydrophone output - obtained for three frequency band widths,

2-10 Kc, 4-10 Kc, and 10-200 Kc, and expressea

in volts.

Valve opening - amount of shaft rotation expressed as a per-

Sigma (J°) =

centage of full rotation.

H:-H
d o . ,
vV cavitation index, where Hd = downstream

Hy - Hy
pressure (psi); H,, = vapor pressure of the water
relative to atmospheric pressure (-psi); and
I-Iul = upstream pressure (psf). Since the water
temperature is relatively constant at the test site

the sigma value was calculated by the .o cwing

equation;



o i Hy + 13
Hy - Hg
K = Hy = Sy , cavitation index, where
He = Ha
-Hd = downstream pressure;
H = vapor pressure, relative to the atmosphere
(negative value);
H, = total head upstream (pressure and velocity

head).

Dynamic pressure - the pressure fluctuation, in pounds per
square inch (peak to peak), at pressure tap Pg,
see Figures 1 & 2.

Mean pressure - the average pressure, in pounds per square
inch, at pressure tap Pj.

Coefficient of discharge, Cy = Q , Where Q is the

AY 2gAH

measured discharge (cfs), A is the area of a

2

El

12-inch pipe (.785 ft2 ), g =32.2ft/sec
and AH is head loss across valve in feet.
A H = difference in pressure head, expressed in feet of water,
betweén upstream and downstream valve flanges.
Incipient critical sigma - the selected value from the sigma
vs. hydrophone output curves, where the hydro-
phone output begins to rise appreciably as .the sigma

values decrease from conditions of no cavitation.
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PLOTTING PROCEDURES

Hydrophone output (volts) vs. K is plotted for various com-
binations of valve openings and flow conditions. For comparative pur-
poses, the normal flow condition (without air injection, bypass, orl
orifice 24-inches upstream of the test valve) is plotted on the same
sheet for each of the runs involving air injection, bypass or the upstream
orifice.

Both horizontal and vertical vibration is recorded in the '"data
sﬁmmary sheets', but due to similarity, only the vertical vibrations
are plotted vs. K.

The plot of AH vs. Q,with lines of constant Hd. dividing the cavi-
tating or non-cavitating conditions, was developed by superimposing.
lines of various levels of Hy on the discharge vs. head loss curves for
each valve. The Hy lines represent the limiting operating range for
cavitating or non-cavitating conditions described by the incipient cavi-
tation index, Sigma. Since the incipient cavitation value, Sigma, was
selected for each valve opening from the test data, the corresponding
A H may be calculated for the range of downstream pressure heads
inves'tigatéd:*

‘ +13
Ky w

Sigma

* This calculation involving selected downstream pressure heads is

valid only if the system pressure head effect on the incipient cavitation
index is non-existent.
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Example: A given discharge, downstream pressure

head, and head drop specifies a point on the plot; if

this point falls on or to the left of the given downstream

pressure head line, damaging cavitation should not be

encountered.

The selected incipient cavitation values, Sigma, for the two
values at tl-l_e four openings are given below. It should be noted that

these values of Sigma do represent some intermittent bursts of cavi-

tat on.
Incipient Cavitation Values, Sigma
Valve Opening % 12-inch ball valve 12-inch butterfly valve
20 2.5 _ 2.0
35 2.2 1.8
50 2.8 2.0 ’
70 6.0 2.5

Other important considerations, not illustrated on these operating
criteria plots, are the concept of excessive port velocities and the con-
secuent erosive effects on certain type lining materials, excessive vi-
bretion, and other phenomenon leading to physical damage to the valve
not directly related to cavitation. These various limiting conditions need
to be included on design énd operating criteria plots. In certain cases

these criteria may be more limiting than cavitation damage criteria.
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The Q vs. AH calibration (volumetric test stand) plots relate
the discharge to the change in pressure head (feet of water) between
pressure tap locations P1 and P3 for both valves. The Q vs. AH
calibration {(in-situ calibration) relates the discharge to the change in
pressure head (feet of water) between pressure tap locations P, and P3
and also Py and Py, for normal operations and with air injection and

the orifice 24-inches upstream from the test valve.
DISCUSSION

The hours of operation and total volume of water discharged
through each valve are listed below:

12-inch ball valve 95 Hours 85 Acre feet

12-inch butterfly valve 110 Hours _ 90 Acre feet

The critical sigma (incipient cavitation) values are plotted on
Figure 3. The selection of the critical sigma value was based on an
arbitrarily selected point on the hydrophone vs. sigma curve where
the hydrophone output begins to rise '"appreciably' as the sigma value
decreases from a condition of no cavitation.

Operation of the valves at sigma values greater than the critical
sigma values should insure satisfactory operation from the standpoint
of cavitation. Operation at less than the critical sigma values will be
accompanied by increased cavitation.

Of the various remedial measures investigated, the air injection
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had the most beneficial effect. The noise reduction with air injection
wes especially noticeable when air was injected in the shaft of the
Butterfly valve. The air injection rate was about one cubic foot per
m:nute with a compressor pressure of 100 psi. This rate was about
the same for all air injection runs for both valves.

Water bypass and the orifice located 24 inches upstream from
the test valve had no appreciable effect on critical sigma.

The pressure level effect and size scale effect were not invest-
igated in any phase of the testing on either the 12-inch Willamette or
the 12-inch Butter{ly Valves. Comparisons were made, howéver, with
daza from recent tests for Bechtel Corporation.

Pressure Level Effects:

Due to pump failure, an investigation into the effect of pressure

level on the incipient cavitation index, for the two valves studied, was
not p§ssib1e. However, information on pressure scale effects was
obtained during testing for the Bechtel Project. As a part of that
Project, a considerable amount of testing was done on an eight-inch
Willamette Bail Valve, including tests at different heads.

Figures 4 and 5 show the hydrophone output vs sigma curves at
hezd levels between 150 and 350 feet of water for the eight-inch Ball
Va_ve at various valve rotations. On each figure the curves for the
higher head are above the curves for the lower head tests, indicating

an increase in the pressure fluctuations with increased head.
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This increase in output ievel could be due, at least in part, to the dis-
turbances generated by the pump impellers.

Another valve tested for the Bechzel Project was a Roto Disc
Valve, which is basically a rotating orifice having the shape of a 'Horn
of Plenty', Figure 6 shows sample results of tests made at two head
levels on this valve. Again the curves are offset, but the choice of-
incipient sigma didn't change.

Two other valves tested (cone and needle) for Bechtel did show
a pressure scale éffect. For increased heads the incipient cavitation
index increased. The existence or absence of a pressure scale effect
is apparently related to the geometry and hydraulic characteristics of
the individual valves. For a discussion of these factors the Bechtiel
report should be consulted.

The conclusions regarding the valves tested for this project are:
(1) For the Willametite Ball Valve the incipient cavitation index is inde-
pendent of the operating head, for heads between about 150 and 350 feet
of water; (2) Thefe should be little or no pressure scale effect for the
Butterfly Valve. |

Size Scale Effects:

By comparing the incipient cavitation index for the eight-inch
and the 12-inch ball valves,the scale effect due to size can be deter-
mined. FIigure 3 shows the incipient cavitation index vs. valve rotation

for the two sizes of ball valves. It is apparent from the figure that an
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increase in the valve size causes an increase in the value of sigma at
incipiency. One factor which makes a direct comparison between the
two sizes difficult is that the 12-inch Ball Valve was tested with a sudden
expansion downsiream, whereas, the 8-inch Ball Valve was tested with-

out an expansion.
CONCLUSIONS AND RECOMMENDATIONS

1. Air injection significantly reduces the value of the incipient
cavitation index for both the butterfly and ball valves.

2. Air injected on the right side of the ball valve (looking
downstream) is most effecti\"e in reducing the cavitation.
For the butterfly, equally good results are obtained by in-
jecting air into the stem or on either side of the valve.

3. Bpypassing water from upsiream of the valve increases
the audible noise level and produces no improvement in the
incipient cavitation index.

" 4. Installation of the 6" or 11" orifices 24-inches upstream of
the valves does not affect the cavitation characteristics of
_ either valve.
5. The incipient cavitation index for the ball valve is independ-
““ent of the head; for the range of upstream heads investigated
(150-350 feet of water). It is anticipated that the butterfly

will likewise have no pressure scale effect.
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The incipient cavitation index for ball valves increases
with increased valve size, (no comparison was available
for the butterfly).

The values of the incipient cavitation index presenced in
this report correspond to conditions of light intermittent
cavitation (by ear).

It is recommended that an investigation to find the value of
the cavitation index corresponding to incipient damage be
undertaken. The results of this study give information only
--on the intensity of cavitation. No investigation of.cavitation

damage was conducted.



Appendix f&_ Data Summary Sheets

Parameter Summary Sheets



RUN NUMBER CODING SYMBOLS

Example:
Valve type code  Valve rotation of full open
/ (percentage)
12-WB-1T2-20-1\
Size of valve (inches) Day of month Run number in a given
' sequence
Valve type code Valve type
WB Willamette Ball Valve
WC Willamette Ball Valve with 4-inch

by-pass wide open.
BF Darling-Pelton'Butterﬂy Valve

BH Darling-Pelton Butterfly Valve
with 4-inch by-pass wide open.

BG Darling-Pelton Butterfly Valve--

air injection in vented shaft.



CHRONOLOGIC ORDER OF TESTING FOR THE
12" BALL VALVE (WILLAMETTE)

B-1 Testing Schedule

12-WB-12-20-1 through 12-WB-12-20-20

12-WB-13-35-1 N . 12-WB-13-35-14
12-WB-13-50-1 " 12-WB-14-50-16
12-WB-14-70-1 n 12-WB-15-70-16

B-3 Testing Schedule (5% of total discharge in by-pass) ’

12-WB-20-20-1 through 12-WB-21-20-13

12-WB-22-20-1 i 12-WB-22-20-17

B-3 Testing Schedule (by-pass wide open)

12-WC-21-20-1 through 12-WC-22-20-15

B-4 Testi’ng Schedule (11-inch orifice 24-inches upstream from 12-inch Ball Valve)

12-WB-27-20-1 through 12-WB-28-20-17

12-WB-28-50-1 " 12-WB-28-50-8

B-2 Testing Schedule (air injection.in right or left side of 6-inch transition section)
12-WB-28-50-5L.  through 12-WB-28-50-8L
12-WB-13-20-1 B 12-WB-13-20-5

12-WB-13-50-1 # 12-WB-13-50-5



CHRONOLOGIC ORDER OF TESTING FOR THE
12" BUTTERFLY VALVE (DARLING PELTON)

B-3 Testing Schedule (by-pass wide open)

12-BH-29-20-1 through 12-BH-30-20-11

B-2 Testing Schedule (air injection in vented shaft)

12-BG-29-20-1 through 12-8G-4-20-20

B-1 & B-2 Testing Schedule (no air injection or air injection in right or left
side of 6-inch transition section)

12-BF-29-20-1 through 12-BF-4-20-19

B-1 Testing Schedule

12-BF-5-35-1 through 12-BF-6-35-15

B-1& B-2 Testing Schedule (no air injection or air injection in right or left
side of 6-inch trar.sition section)

12-BF-6-50-1 through 12-BF-9-50-11

B-2 Testing Schedule (air injection in vented shaft)

12-BG-6-50-1 through 12-BG-9-50-10

B-3 Testing Schedule (by-pass wide open)

12-BH-6-50-1 through 12-BH-9-50-7

B-1 Testing Schedule

12-BF-9-70-1 through 12-BF-9-70-9



(Testing for 12" Butterfly Valve cont'd)

B-4 Testing Schedule
12-BF-10-20-1 through  12-BF-10-20-11

12-BF-11-50-7 o 12-BF-11-50-16



DATA SUMMARY SHEET

fun N Discharge Pressure (pounds per square inch) g?;'t- g?;'iz' Hydrophone (volts)

“Run No. ib, ib.

e (cfs) | Py | Py | P3| Py |P5|Pg| Py |Pg| Pg|Pro| (zpS) | 1pS) | 10-200 Kd 4-10 Ke | 2-10 Ke

12-WB-12-20-1 7.10 79.0178.9|44,8/44.0(46. 6{46. 9|46, 0]46. 2{45.9|46.0|25, 000|28, 000 4,80 2.60 4,20
-2 G.44 79.8(79.6/49.7[48.8|51. 3] 51. 7| 50. 8]/50. 8{50. 6/50. 8|24, 00019, 500 2. 60 1.88 3.00
-3 6,24 80.1 |80.0]52. 3{51. 7|53. 7|54.1|53. 2|53. 4{53. 2|53, 3|22, 00020, 500 ; (I ) 1.40 2.20
-4 6.03 80. 4 |80, 3| 54. 1/{53. 5|55. 5{55.8|55. 2|55. 3|54.8]55.1} 2,400{12, 500 1.28 1.12 1.76
-5 5.78 80.9(80. 6|56, 3[55.5|57. 658,057, 2{57. 3|57.1|57.3|25,000(14, 500 0.68 0. 84 1.35
-6 5.64 81.0(80.9|58. 3|57.4]59. 3{60.0(59.2{59.2[59.1|59.3(13, 000 9, 000 0. 44 0. 60 1.0 =
-7 5.40 81.2(81.5[60.3]59.6[61.0/61.8[{60,9|61.0{61.0({61.0]12,000]| 6, 000 0. 36 0.46 0.62 '
-8 5. 32 81.3(81.7(61.761.2[62.5(63.1(62,6{62.6[{62,5(62,1] 7,000]| 7, 500 0. 28 0. 39 0.52
-9 5.02 81.4(81,7(62,6/62.0(63, 2{64.0([63.4|63.5[63.3({63.2] 7,000]| 5, 000 0. 255 0. 31 0.43
-10 4,86 81.8|81.9|64.9|64.0(65. 5/66. 5|66.2({66,.1|66.0(65.9| 2,000]| 1, 800 0.16 0.18 0.21
-11 4,48 82.4(82,.4|67.8|67.7|68.6/68.8[69,0(68.7|68.3(68.5 750 340 0.10 0.10 0.10
-12 5. 56 81.0(80,9[59.0{58.8(60.7/60.6[60.4|60. 2159, 8(60.4[11,000| 3,000 0.40 0.60 0.78
-13 Ty 22 78.2(78.0/41,.6{40, 2|43, 8/{44,.0(43,4]|43.2|47.9(43.4(30,000(30, 000 4,52 3.12 4,68
-14 7.69 77.6(77.7|35.0/34.0|37.9{38.5({37.4137.2|36.9|37.5}30,000(30, 000 T.12 3.64 5.48
-15 8. 36 76.3|76.2|26. 3[24. 5{29. 4/30. 2 28.9(29.0({28.9(29.0|30, 00030, 000 9.40 4,32 6.60
-16 8.86 74.8175.0|17, 8{15. 3|20.9/20.9(20.1(20. 2{20,1|20.2|30, 00030, 000 8.12 5.48 8. 20
=17 9.20 74.4|74.3| 9.8 8.4(14.2|14.813.7(13.9(13.7(13.9|30, 00030, 000 8. 00 7.80 11.12
-18 9. 06 74.8174.8/14.9(11.8|17.8/17.5|16.8{17.0/16.6(17.0]30, 00030, 000 8.12 6.52 9,28
-19 9. 36 74.0173.8] 6.8 5.4(10.8{11.2| 9.9(10.1| 9,9(10.0{30,000(30, 000 8. 20 9. 60 14,00
-20 9,44 73.6173.8| 3.0/ 2.3| 7.8/ 8.2| 6.5| 6.6| 6.7 6.6[30,000/30,000]  9.00 12,00 16. 80

12-WB-13-35-1 1.3. 30 63.8 |64, 0|29, 1|24, 6|30.4|30.6 27.9(28.1(28.0(28.0]35,000|30, 000 6.16 312 4,8
-2 12.81 65.3 ({65,732, 829, 3|33. 8|34.5(31.8(32,2|32,0(32.0{30, 00020, 000 4,52 2546 4,28
-3 14,02 61.4 161,723, 6|18, 6|24, 8[25.0(21.8(21.9|21, 5|21.5|30, 00035, 000 7.8 3.68 5.52
-4 14.79 58.9(59,3|17.6/11, 4|18, 8{18.4|15.0(15.2|15.1|15.0|45, 000 |60, 000 T2 5.28 7. 44
-5 12. 12 67.11(67.4]39,0/33.8(39.0/39.537.3|37.3(37.1(37.2]20,000/24, 000 2.8 2. 24 3.48
-6 11,31 68,2 (|68,.6/41,9|37.1|41,842,31(40,1(40,2(39,7(40,1(18,000(20, 000 1. 96 1.76 2.76
-7 11,46 69.1 |69, 6(44, 2/39, 6(44. 1|44.5(42, 442,642, 342,516,000 (16, 000 1.40 1.40 2.01




DATA SUMMARY SHEET

N Discharge
Run No.
(CfS) Pl

©2-\WB-13-35-8 10.70 Tr:1
-9 10,49 71,6
-10 10. 25 72,3
-11 9,94 73.2
-12 8.82 4l 0 |
-13 9,31 73.0
-14 8.82 74.4

2-1WB-13-50-1 15,999 |52.4
-2 15.281 (55.2
-3 14,819 |56.6
-4 14,563 |57.0
-5 14.214 |[58.5
-6 13.599 |60.1
-7 12. 666 62,4
-8 12,235 |63.8
-9 11.855 |65.2
-10 10.871 |68.0
-11 10, 307 |69.8
-12 9.845 |[71.4
-13 3.912 |73.6
-14 8.348 |75.6
=15 11,332 |66.2

©2-"WB-14-50-16 12,59 22.8

2-TWB-14-70-1 18,02 46,7
-2 17.69 48. 2

Pressure (pounds per square inch) Vert. | Horiz. Hydrophone (volts)
Vib. Vib.

Pyl Pg| Py | Ps | P | Py | Pg | Pg|Pyo| 1PS) | (1PS) [10-200 Ke|4-10 Ke|2-10 Ke
71.8|49,3|45.0149,1(49,647,9|47,8({47.6(47.7({12,000|10, 000 0. 64 0.688 1,08
72.2(50. 7|46, 3[50. 3(50. 949, 2|49, 2/49.0|49.3| 8,000} 8,000 0.528 0.608 0.908
72.8/52, 648, 5/52,1(52,8|51, 1|51, 2/50,8!51,2| 5,500| 5, 500 0,392 0,460 0,68
73.5(54.3|51,31|53,6(54,6|53,1|53,4|53,3|53,1| 5,000| 4, 500 0.32 0,38 0. 56
76.060,9(58,160,2[61,4(60, 2|60, 3|/59.6/59.9 650 600 0.14 0,125 0,21
73.3(53. 9|50, 5[53.4(54.8(53. 2|53. 5{52.5|53.1| 4,500]| 5,000 0,30 0. 340 0. 540 .
74,6156, 4154.456.657.7]56.4|56,4;56,3|56.3]| 3,500]| 4, 000 0. 256 0.220 0.332
52,4133.427.3(33.6(33.6129.9(30, 2|129.429.7|14, 000(20, 000 2. 56 1.80 3,04
54,8{37.6(31.7(37.6|37.6{34.0(34. 4({34.1|33.8{15,000;20, 500 1. 56 1.24 2.36
56.5(39.6|34.4139.6]40.0(36.6(36.7{36.6|36.4{13,000{16,000| 1.12 1.00 2.00
57.0(39. 335,440,040, 436.8{37.3({37.4|36.8|13,000| 9,000 1.12 0.980 1.92
58.5/42,0137,.7141.9142,6|39.2(39.5(39,.8|39,.3| 9,000(11, 000 0. 860 0.820 1,64
60.1/44.8({40.844.845,.2(42,0]|42,4|42.6]42.1| 9,000/|11, 000 0.628 0.62 1.36
62.4148. 445,348,849, 2|46, 4|46, 8|45.9(46.2| 6,500| 8, 000 0.40 0.492 0,948
63.850,6(47.7151.0|51.4(48,.8(48.8{48,0]48.6{ 5,000 6, 000 0. 380 0,388 0.780
65.253.3({50.31|52.1|53.2(50.8(50.9{51,7|50,6 5,500 6, 000 0. 296 0. 304 0.64
68.0/57.3|55.01(57.7158.0(55,.9(56,1({55.6(55,.7| 1,800 2,000 0.128 0.176 0. 340
69.8(60. 3(58.1[60.4 (60.9 |58. 859, 3|59.7|58.8| 400 500 0.072 0.104 0. 260
71.4162,5(60.762.6|63.2(61,.4|61,8|62,.2|61,4 300 400 0. 060 0.08 0.20
73.666,2164,7 66,3 66,8 |65.4|65. 8|66.6(65.4 80 50 0.064 0.052 0.136
75.6169,7(68,269.169,7|68,6|68,4]69, 2(68.4 60 50 0. 096 0. 044 0.096
66,254, 7(52.6 [54.8(55.2(53.0(53.4(52.7|53.0{ 4,000| 5, 000 0.216 0, 240 0.50
22.4(11.2| 4.8(10.9(10.7| 8.6| 9.1{ 8.9 8.9| 9,000(12, 000 i v s
46,3410, 433,939,040, 4 {35.435,7|35.8(35.4 12,000 9, 000 0,78 0.90 1.6
17.812.0135.7 10.6 41,9 (37.2(37.81(38.0(37.3(12,000(10, 000 0.67 0. 80 1,45



DATA SUMMARY SHEET

T Discharge Pressure (pounds per square inch) g?-;t' g?‘;iz- Hydrophone (volts)
S G (cfs) | Py | Py| Pgl Py | Pg| Po | Po| Pg| Pg| Pygl (1pg) | (1pS) [10-200 Ke|4-10 Ke|2-10 Ke
12-\WWB-14-70-3 '17.28 |49.7149.4)43.6137.8(42.6|43.8139.5(39.7/40.0(39.3| 7,000| 8, 500 0.48 0.62 0.95
-4 16.68 52,6 |52, 7|47, 3|42, 7(45,9(47.1143,3 |43, 4|43.1|43,2| 6,500} 7, 500 0.30 0.40 0.62
-5 16,11 54,3 |54, 4(49, 345, 148,049,145, 7 |45, 7{45,3{45.3| 8,500( 7,000| ,0.18 0.22 0.50
-6 14,72 |59.2]59.5/|55,1(51,3|53.8}55.0}51.9|51.9(51.5(51.9] 2,000 2,100 0.07 0.06 0.12
12-\WB-15-70-7 14, 46 60.4 |60, 4|56, 3{55.1|55.4(56. 553, 353.4|53.0(53.1| 2,000| 2,100 0.07 0.10 0.14
-8 13.92 62.3162. 2(58. 4|57, 5|57.4|58.755.8|56.3;55.6{55.7 170 200 0.032 0.05 0.08
-9 13.28 64.6 |64, 3(61.5(59.8|60.0|61. 258, 3(58.9|58.4(58.6 55| 45 0.024 0.022 | 0,043
=10 16,42 53.2|53,0/47.6(46, 3|46, 1(47.4143.5|44.1|43.2|43.5| 5,000| 4, 500 0.42 0.52 0.80
-11 18,11 54,9 (54, 8(50, 1|48, 5/48.4|49.6 {46. 1 |46. 2|46.0(45.8| 5,000| ‘4, 000 0.24 0.32 0.60
-12 16.16 54,4 154,549,648, 347.9|48.7 }45.7 {45. 5{45.1]45.2| 4,500 5,000 0.24 0.35 0.60
-13 15.72 56.6 {56, 4(51. 4|50.1(50.0|51.147.7 (47, 7(47.5[47.7| 4,700] 3, 500 0.16 0.25 0.37
-14 15.11 58.4 |58, 5(54, 3{52. 8|52, 6(53.5150. 6 {50. 5/50.3(50.4| 2,000| 1,800 0.075 0.12 0.17
-15 17. 585 48.6 |48, 7{42. 5|40.6(41,142,537.9|38,3|37.9(|38.1| 7,500| 5, 500 0.73 0.85 1.50
-16 17.32 |49.7 [49.8[43.7({42.2(42.8]44.0138.939.6|39.4(39.0| 7,000| 6,500 0.52 0.67 1. 20
12-WVB-21-20-1 9,845 (74.8|74.7| 7.6(10.8|11.8(12,710,910.6/|10,8(10.6|50, 00060, 000 8.20 7.80 10. 80
-2 9,486 [75.2)75,111.8({14.8|15,.7(15.9114,5(14.7|15.0(14.6(50, 000 |40, 000 7.92 7.20 9.60
-3 9.332 |76.1|76.1(18.4|21,7(22.9|23.0121.5(21.4(21,7|21.7]55,000 35, 000 9.00 5.20 7.40
-4 8.871 |(76.6|76.2(24.0(26.9(27.6(27,8|26.4 |26, 5({26,5|26.6|45,000 140,000 | ~ 9,72 4,60 6.96
~H 8.707 |(77.0]76,428,3|30.4|30,931,6 30,3 B0,3|30.2|30.4|39, 00028, 000 9. 36 4,24 6.40
-6 8.307 |[77.81(77.3|34.0|36.6|37.4(36.2 36,2 [36.1|36,3(36,3[35,000(19, 000 7.60 3.68 5.68
-7 7.486 |79.1(78.8|43.4|44.9|45.7({46.0144,8 |44, 7|44, 7|45.1 34,000 |16, 000 3.96 2.80 4,40
-8 7.086 |[79.7179.1]47.9(49.3]|49.9|50,0449,249.1(49,1]49.4]|26, 000 |23, 000 2.22 2.28 3.40
-9 6.584 |80.2(79.9|51. 8|52, 8(53.6(53.752.9[52,9]53,0|53. 2|30, 000 {20, 000 1.33 1.53 2.35
-10 5.610 |82.682.6(62.4|63,2(63.2|63.6(62,.9|63.2|62,7|63.3| 5,000 4, 000 0.18 0. 43 0. 56
<11 5.579 |82,5[82,.9(63,2|63,8(64,1(64.7{64.1 [63.8|64,2|64,2| 5,000 4,000 0. 235 0.40 0. 50
-12 4,635 [83,884,.2/70,.5|70,9]70.8|71,1}71.0(71,1}70.5|71.1 240 150 0.088 0. 06 0. 01




DATA SUMMARY SHEET

Discharge Pressure (pounds per square inch) ge;‘t gfg‘iz- Hydrophone (volts)
T ib, ib.

S (cfs) Pl P, P3 P4 P5 Pg P7 Pg Pg P10 (1PsS) | (1ps) 10-200 Kc | 4-10 Ke|2-10 Ke
12-WB-21-20-13 3.671 |84.8|84,975.375.4|75.7|76.0|75.6(75,7(75.9]|75.8] @ 50 70 0. 025 0.01 0.022
12-\WB-22-20-1 6,58 80.7181,0]53, 854, 8/55.6(55, 5|54. 654, 5|54, 8{55, 2|24, 000 |10, 000 1.0 1,76 1,95

-2 6.23 81.1(81, 3|56, 6{57.5|58,2|58,1|57.3|57.2|57.4|57.8|16,000| 8, 000 0.62 0. 95 1,28
-3 6.32 82,1|81,7/56,057,3[{57,4|57,6|57,2|57.3|56,4|57.2(13,130| 6,000 0.75 0.95 1.b3
-4 5.78 82.8|82,.1/60.761.6/|61.8/62,2(61,6(61.7(61,0i61.8| 7,500 6,000 0. 34 0.57 0. 80
-5 9.11 76.8176,4|20,0/21, 3|22, 9|22,9(21.0(22, 2|21, 7|22, 0 |45, 000 |12, 000 9, 04 5.32 7.84
-6 9.53 75.8175.2|11,814,8(15,1{15.9(14,4]15.0|14.6|14. 4 |55, 000 |50, 000 7,80 7.28 10. 40
-7 9.67 75.2175.0f 7.8/10.8|11,7({12.0(10.3(10.6(10.6{10.6 |40, 000 |36, 000 8.08 9,40 13.60
12-WC-21-20-1 6.061 |82,.3|82,4|70,4|70.2|70,8|71,2]70,4170.,2(70,5|70.7 200 180 0. 04 0.035 0. 055
-2 9.066 |82,2|82.4|71.0{71,1|71,5/|71,.8|71,2(71,0(71,4(71.3 140 100 0. 06 0,027 0. 047
-3 4,789 |83.5(83.7|76.3|76.3|76.5|76.8|76.5|76.2|76.7|76.6 70 40 0. 015 0. 005 0.005
12-WC-22-20-4 6.707 |80.3]80.5/65.6/65,9[66.4|66,4|65,5(65.3|66.2(66.0} 2,000]| 1,000 0.12 (0 0 o 0.12
~9 6. 92 81.4|81.1(65. 2/66,1|66, 2|66.4|65.7(65.9|65.1]65.7 800 700 0.15 0.13 0.16
-6 6,24 82.7(82.1[69. 6{69,6]69,9|70.1(69, 969, 7(69,8(70.0 220 200 0. 08 0. 049 0.052
-7 11,23 72.91(72.4|31.832.1({33.4|33.4(31.9(32.0{31.6(31.8 |39, 000 |26, 000 7.64 3.48 5,36
-8 10,70 74.5(73.8]|37.6|37.6(38.6|38,8(37.4137.5(37.1(37.3]30, 000 |20, 000 5. 48 3.00 4,80
-9 10.25 75.8(75.1|42, 3|42, 443,443,342, 1142, 3[41.841.9 |30, 000 |25, 000 3. 60 2. 56 4,04
-10 9.68 76.7|76.2[46. 6(46, 6|47, 6(47. 6|46, 5|46, 6(45,9 46,5 (30, 000 |23, 000 2,52 2,00 3.20
=] 8.66 77.9|77.4(53, 4|54, 4|54, 7|55.3|53.7(54,1|53,7|53.9 |14, 000 |12, 000 0.71 0.95 1. 45
-12|° 7.86 79.3|78.9]58. 8|59. 659. 8{60.3(59.2(59.4(59.2[59.3] 6,000} 5,000 0. 30 0.45 0.63
-13 %24 30,31(79.9163.1(63.9(63.7|64.3163,2(63.5(63,2(63.4| 2,000] 1,700 0.17 0.21 0. 26
-14 12,06 70.1169.6/22, 7(24.0(24,. 9|25, 222,623,123, 3|22, 8 |36, 000 |35, 000 8.60 4,08 6.20
=15 12.25 68.81|68.6/16.6[18.6(19,4(19,.8(17.2[17.7[17.7[17.2 |50, 000 |26, 000 7.48 4,80 . 7.08
12-WB-27-20-1 9.40 78.71(76.3| 8.1|11.4(13.,1|12.3(12.2(11,9|11,3(11.7 60,000 {45, 000 8. 40 9.68 14,40
-2 9.27 76.3|75.5/11.5/14.1(14.7|15.2|13.9|14.4|14.4{14,1 |60, 000 {45, 000 7.72 7.60 10. 80




DATA SUMMARY SHEET

N Discharge " Pressure (pounds per square inch) g:—‘;‘t- g?;‘iz- Hydrophone I{volts)
(cfs) P1 P2 PB P4 P5 PB P7 Pg Pg P ol (IPS) | (IPS) [10-200 Kec|4-10 Ke |[2-10 Ke
12-W1R3-27-20-3 8.96 |77.4]77.4/19.0(21.6/22,8|22,9(21,522,2 21,4 (20,7 ]45,000/|30, 000 8. 60 5,32 8.00
-4 8.74 78.8|78.8[22, 8(25. 626,427,426, 3 26, 026, 0|25, 850, 00030, 000 - 4,72 7.08
-5 8.29 79.01|77.5|27. 2(29, 2130.0{30. 529, 2 29, 8 |29. 8 |29, 4 |45, 000 |28, 000 9,52 4,16 6.28
-6 3. 03 81.2(79.0|35.2|37,5(37.7138.2|37.737.61{37.8 |37.2]40, 000 (25, 000 7.68 3. 64 5.48
o | 7.41 80.4(80,4|41.9|43.7144,2144,3 42,9 #3,543.7 (43.0]35,000(22, 000 5.00 3. 04 4.64
-8 6,94 82.6181.648. 2150.0(50.0150.6 49,7 50. 2 (50, 2 |49, 6|26, 000 |14, 000 2.80 2.186 3. 36
-9 6.53 82.6 (80,9{52,2|53.11(53.5(54.0(52.7 53,7 [53.6 [53.4 (24, 00012, 000 1.80 1.56 2,52
12-\WB-28-20-10 .42 81.2(81,2(42,4|43,.844.5(44,8 43,2 13,8 44,1 |43.6 40,000 {20, 000 5,08 3.12 4,72
=11 7.16 81.6(81.6[45.4]46.847.5/47.7 46.5 46,8 47,2 (46,735,000 |22, 000 3.92 2.72 3.88
-12 6. 06 83.3(83.7(57.9|58.4(58.8(58.9(58.2[58,2[58.6 |58.2]22,000|16, 000 0.74 0. 90 1.45
-13 6, 84 81.9181.4[48, 8|50, 2|50, 3(50,71(50.0150.0 (0,6 |50.1|28,000|20, 000 2. 12 2,20 3.32
-14 5. 48 84,0 83.562.0(63.2(63.2(63.863.063.0163.7(63.2] 8,500]| 8,000 0. 23 0.43 0. 54
~-15 4,92 84.5|84,3(67.2|68.0/68.0(68,3|67.7 68.268,3167.9| 2,000( 1,600 0..135 0,145 0,18
-16 4, 54 85.0 (84,870,070, 7(70.7(71.01{70.6 [71,1({71,0170.9 500 450 0,085 0.06 0.07
-17 4, 24 85.3185.3(72.2(72.8(72.8713.0(72,6 [{3.1[12,9 [72.9 200 180 0. 06 0.03 0,045
12-\WB-28-50-1 9. 89 75.3 |74.7(67.8(67.8(68.1(68.367.0 66.9 66.4 (66,9 85 40 0. 046 0. 069 0.173
-2 12,12 69.5[68.9|58,2(58.458.3(58.4156,456.71[56.4 (56,2 4,000( 2,000 0.156 0.208 0,42
-3 11, 54 71.6 |70.8161.1(60,760.761.559.359.760.2(59.3]| 1,800]| 1,000 0.112 0,148 0,304
-4 10,72 |74.0(73.1/64.6(64.41(64.164,8 62,9 63.2 63.7 |62.9 450 400 0,052 0.096 0. 224
-5 13.90 |64.4(62.848.5|48,4/48.749.1 46,2 116.6 #6.3 |46,1| 8,500 8,000 0. 420 ;.50 1500
-6 12. 86 67.5|66.6/54,6(54.254,5(54.852,253.153.11}52,4| 6,000( 4,000 0. 252 0.288 0.60
-7 15.48 58.4157.4/40,4(40,0140.040.837.1837.5837.9137.1|16,000 |14, 000 1.16 1.04 2,00
-8 16.55 [54.2(53.2]33.4(33,0/32,9(33.8 29,6 30,0 29,8|29.7(20,000(16, 000 2,80 1.84 3.12
12-WB-28-50-5L, 13.90 (64.4(63.048,9(48.6 48,649,216, 2 |46, 6|46, 3{46,1 e -- 0. 500 0,480 0. 96
-5R 13.90 63.9163.0/48,9(48,748,5(49. 2 116, 2 16, 4 (46, 2|46, 1 - -- 0.400 0. 420 0, §4
-6R 12, 86 67.5 |66.7/54,6(54.2[54.0 /54,9 [52.2]52,9]53.1[52.4 = e 0. 368 0. 260 0.56




Run No.

12-WB-28-50-61,
-7L,
-TR
-8R
-8,

12-WB-13-20-1

Air Right o |
Air Left =]

-2
Air Right -2
Air Left -2

-3
Air Right -3
Aip Left -3

=
Air Right ~d
Air Left -4

-5
Air Right =
Air Left -5

12-WB-13-50-1

Air Left -1

-2
Air Right =2
Air Left -2

DATA SUMMARY SHEET

Discharge
(cfs)

.96
.26
.96
. 02
.02
.02
+ 1k
. 11
11
: 51
.51
.01
.66
.66
.66

DO OO D

. 26
15, 26
15.26
16,82
16,62
16 .50

Pressure (pounds per square inch)

Vert. | Horiz Hydrophone (volls)

P, |B, | Pa]l P, B.| B. | B, | P, | P, | P,n| ViR | Vibe [or _

1 2 3 4 5 6 7 ;] Q 0| (1PS) (IPS) 10-200 Ke|4-10 Ke | 2-10 Ke
67.5 |66, 754, 6|54, 2 54,4 |55,0|52,2(53,0/53,1|63, 4| == - 0.384 0,296 0,60
58.4 |57,4/40,440,. 0 40.0140.6 137.1137.4(37.9(37.1 -- -~ 1.20 0.972 1.92
58.4 |57, 4|40, 4{40, 0 40,0 }40, 8 {37.1137.4{37.9(37.1 -- - = 1. 00 0, 848 1,52
54.2 153, 2/33. 5(33.0(32,9(33.7(29. 8(30,0(29, 8(29.17 - -- 232 1. 50 2.00
54,2 [(53,1]33. 3(33,0(33.0/33, 7129, 8(30,0(79.7129.6 -- -- 2,64 1.2 2,96
83.8 [84.0[51.0}52. 253, 3{52.8(52.2|52.1|51,9!52.0 (30, 000 25, 000 1.93 2.08 3, 07
83.7 [83.951.0[52, 353.0(53.0(52, 3(52,2|52,0(52,3]12,000 (12, 000 0.3 0. 54 0. 86
83.6 {84,051, 0/52, 2|52, 8(53.0(52.3|52.1152,0(52, 2 (35, 000 25, 000 128 2.0 2.82
85.1185.6/(61.061,3[62,6/62,.3|61.8|61,7(61.8(61.8 |18, 000 |12, 000 0,47 0.65 0. 98
85.2 |85.5[61.1(61.5|62,2]62,4(61.7{61.5|61.9(61.8] 7,000 5,500 0.184 0. 20 9.231
85.2 (85,6]61.1|61.6(62,.1/62,4|61,9/61,7(61,9(61,7| 7,500 8, 000 0. 38 0.68 1.0
86.4 |86, 768, 8/69,1(70.0|69.9]69.7(69.5/69.6(69,5] 1,400 1, 600 0.15 0,14 0.18
86.4 [86.7/68.7(69.4|69,7|70,0(69,.6(69,4[69.5{69.3] 1,800 1,400 0. 155 0.107 0,142 .
36.95 |85.1|67,.9|67,7|68,4|68.6|68.2(68.3/68.2|67.9] 1,600 1,600 0,17 0.162 0.19
78.4 |78.727.8/30.1|31,0(31.4{30.2130.1(30,0(30.1 {40, 000 {35, 000 8.52 3. 80 5,60
78.7(78.6(28.1|30.5(31.2|31.5/(30,3(30.229,930.2 {12, 000 {18, 000 0.68 1,12 1.80
78.3 (78.8/28.0|30.3[31.4(32.2|31.231.4(31.3|31.0 |35, 000 {35, 000 5, 30 3.60 5.16
78.4 {78.5{11.7{14.6{16.0|16.2|14,7|14,8|14,6(14,7 (60, 000 |45, 000 7.60 7.04 9.76
78.4 [78.6/11.8|14,9{16.0({16,0(14.9{14, 7|14, 7|14.6 |22, 000 22,000 . 1,92 3.00 5. 20
78.6 [78.6{11.8/15.0{16,2(16.1(14,.8{14.7(14.6[14.6| 5, 500 {45, 000 6,16 6.28 8.96
61.5 [61.6{45,7|43,8(43,9{45.2142, 042,041,841, 2 |11, 000 18, 000 0. 830 0.780 1,52
61.6 |61, 8]|45, 2|43.8(43,9(45.141.5142,041,941.6 {15,000 |18, 000 -- -- --
61.6 |61, 8(45, 4|43, 9|43, 9(45.241.742.0/41.941.4 10, 000 {13, 000 0. 828 0.76 1.48
55.3 |55.4(35.0{34.1134,2!35,81(31,2(31.7|31.831.1 (14, 000 (16, 000 2,48 1. 72 2. 84
24.2 |54,3133,.9(33.8(33.9(34.9(30.731.0130.9/30.6 {15, 000 (12, 000 1,72 1.32 2,04
53.9(54.3|34.1(33.7(33.8134,9(30.631,030.730.6 {15, 000 |17, 000 2. 32 1.52 2,68



DATA SUMMARY SHEET

Discharge Pressure (pounds per square inch) Vert. | Horiz. Hydrophone (volts)
Run No. Vib, Vib,
(cfs) | Py | Py| Pyl Py | Pg) Pg | Pp| Pgl By | Prol 1pgy | (1ps) {10-200Ke [4-10 Ke|2-10 Ke
12-\VB-13-50-3 13.95 [64.3 |64.8(49.6|49.8(49,7|50,4(47.9(48.0(47.9147.8| 6,500 8, 500 0. 38 0,48 0.88
Air Right -3 13.95 |64.4 |64.7]49,7]|50,2]|50.6(51,9(49,11(49,7]|49,6148,9( 7,200 )] 9,000 0..852 0,40 0. 700
Adr Left -3 13.95 64,3 |64,6(50,1149,9(49,7{50,8(47,9148,3{48.0[47.7| 8,000/ 7, 500 0.420 0,42 0, 84
-4 12,78 70,1 {70, 2|57, 8{57.6(57,4(58.7(56.3|56.6|56,4[56,1] 4,500 6, 500 0. 20 0. 24 0. 60
Alr Right -4 12.78 70.1 |70, 5|57, 9|57.8|57.4|58.8(56,456,6(56,4[56,2| 3,500 6,500 0, 344 0,216 0. 44
Air Left -4 12,78 |70.1 [70,4(58, 1|57, 8,57.6(58.7|56.3[56.7[56.4(55.9 | 4,000 | 5, 000 0,336 0, 248 0,60
-5 12.06 T2. 0 |72.2]59.9]60. 5|60, 5/61.6[59.5{59.7T99: 459,21 1,700 | 1, 500 0.112 0272 0,336
Air Right =h 12,06 72,1 (72,4161, 260, 8(60.5[61,7(59.659,.7(59.4(59,.2 ] 1,600 1,500 0. 324 0.180 0.328
Air Left -5 12,06 72,0 |72,4161, 2{60,8(60,4|61.8159,359.6[59.459,2| 1,600 ] 1, 500 0.292 0.184 0,356
12-BH-29-20-1 9.02 (78.4 [78.0| 9.5[10.0(10,4(10.8] 9.7] 9.2| 9.4 9.6 {30,000 (22, 000 1. 64 3:.18 4,80
-2 9.02 78.4 (718.0(10.0/12.8 |13.5|14.4113.0013.1(13.4 12,8 127, 000 |20, 000 1.76 3.52 5.48
-3 8.08 78.7 (18,016, 720,3 (20,0(20,5(18,7(19,319.319.0 {25, 000 {27, 000 4, 80 3.70 5.48
-4 7.22 80.0 [80.01(29,.4131,81{31,8(32,2(30,.9131.4(31.431.2 (13,000 |13, 000 1.10 2,50 3.52
12-BH-30-20-5 8.45 (79.7 §80.2/16,8R0,6 {20,6(20.9(19.3|19.219,3(19.5 |26, 000 |27, 000 4,88 3.176 5.60
-6 7.64 82,0 (82,434, 5/36.8 {37,3|37,7|36.4136,4(36,5|36.4 11,000 |12, 000 3.72 1. 94 2,76
-7 7.14 82.4 83,2(41,343.81}43,4/44,4(42,8142,843.2 43.2 (12,000 |12, 000 2. 88 1.80 2::50
-8 6.61 82,5 82,5]46,819.2 (49,4(49.4148.849,248,948.6 | 9,000 | 8, 500 1..32 0.98 1. 36
-9 - 6.25 83.0 83,0(50,8[53.8(53,2(|53.6(52,8153.2152.7|52.7| 1,400 1, 200 0. 60 0,48 0.52
-10 5.84 84.0 [84.7(55.5/56.8 |56.9(57.8[57.0157.3[57.2|57.1 180 220 | © 0.069 0.026 0.035
-11 5. 58 84.6 [85.2(58.760.1(60,1(60,7(60,0,60.2|60,160.0 160 240 0.028 0.017 0,025
12-BG-29-20-1 4,90 84.8 [34.4(-3.2]2.3| 2.6} 2.8(2.812.6(2.7|2.6| 8,000/ 9,000 0.780 0,392 0.60
-2 4,86 84.5184.3(-1.6/2.8|3.0,4.0|3.7|3.7|4.3|3.71{10,000/ 8,000 0,72 0.392 0. 540
-3 4,82 34.4 34,21+0.8| 5.6 | 5.8 5.9 5.4 5.9[6.0|5.9]| 6,000] 6,500 0,588 0,328 0.48
-4 4,638 4.2 84.2( 6.0{10.8 (10.9|11.1]10,3 11, 1f11.111,2| 6,500 7, 000 0.404 0.248 0, 440
12-BG-30-20-5 4,82 35.3 185,91 0,5/ 5,1 6,2 6,1 5,6| 5.6|5.5|6,0]|10,000( 8,000 0.604 0,326 0.500
-6 4, 62 85.4 [86.0| 8.3/12.61[13.213.9|13.2]13.2[13,2|13.41-9,000]} 8,000 0. 360 0. 230 0. 496




DATA SUMMARY SHEET

Discharge - Pressure (pounds per square inch) Vert. | Horiz. Hydrophone (volts)
Run No. Vib, Vib,
(cfs) | Py | Py | Py | Py | Py | Pg | Pp| Pg| Pol Bol 1pg) | (1ps) {10-200 Ke |4-10 Ke [2-10 Ke
12-BG-30-20-17 4,52 85.51(86.2|12,7{16, 4|17, 217, 8 17,.1(17.0{17.1 17.3—] 6,000 7,000 0. 336 0.224 0.680
-8 4,38 85.1 (85,117, 3|21.5121,7(21,8§21.61|22,1|21,7{21,7; 5,500} 7, 000 0. 324 0. 264 0. 860
-9 4,27 85.3 185.1{20, 9|24, 8125. 0125, 3 {25. 2|25, 5|25.4125,2 | 6, 500 | 7, 000 0.312 0 280 0. 880
-10 4,14 85.8 [86.5(25. 3|28.4129.0129.8(29.4)29.7129.7129.4 | 5,500 7, 500 0,320 0,332 0,900
12-BG-4-20 -11 4,438 85.8 [85.4(14,3|18.2{18.01(18.9118.41]18.8/19.0({18.6| 5,000 7, 000 0. 340 0,35 0.70
-12 4,16 86.2 |86.0)26, 2|29, 3|29, 1{29.8{29,5(29.8/30.2|29,6| 7,000] 7, 000 0.32 0.31 0, 80
-13 4,06 86.3 (86,029, 2|32, 3|32, 3/32.81(32.5132,9/33.3{32.8| 5,000 6, 500 0, 295 0. 34 0. 80
12-BG-4-20 -14 3.92 86.7 186.3]33. 8|36, 5{36.0(36.8 {36.6|37.0|37.3(36.9] 7,500 7, 500 0.275 0.32 0.70
-15 3.75 86.8 |86.4138, 1|40, 7[40,4140,9{41.041,3|41.4/41,0] 6,000| 8, 000 0. 26 0,298 0.62
-16 3.59 87.0 |87.0(42, 3{44.9|44,9(45,0{45.0]45.2|45.1 45,0 8,500 |12, 000 0. 255 0. 265 0.52
-17 3..32 87.2 187.2149. 0|51, 0{50,7{51,2{51.1|51,752.1|51.3]| 6,000 8,500 0.228 0.25 0,35
-18 3.06 87.6 |87.6|55,4(56,9|56,7|57.1(57.1(57.5(58.0(57.2| 1,000/} 1,000 0.190 0.155 0.180
-19 2,92 87.6 [87.6]58,1/59.9(59.6/60,0i60,1(60,2(60,.41i59,9 750 950 0. 172 0,128 0.165
-20 2.65 87.6 |187.6|62, 5|64, 2|63, 7|64, 3 (64.5|64. 5|64, 9164, 2 700 600 0. 145 0.095 0,13
12-BI'-29-20-1 4.89 84.8 84.6]-3.4| 1.8] 2.8/ 3.2} 2.6| 2.5| 2,8} 2.6|[13,000(19, 000 1. 60 1,36 2,88
Air Right -1 4,89 84.8 [84.4(-2.7| 2.2]| 2.8/ 3.2} 2.6| 2.5{ 2.8| 2.9 - -- 0.78 0. 40 0::55
Air Left -1 4.89 34,8 |84,41-2.17 2.2| 2.8 3.2 2.6] 2.6| 2.8] 2.9 - -- 1.04 0. 36 0,60
-2 4,97 84.7 84.4|-1.5| 2.7| 3.2| 4.2 3.7| 3.9| 4.6 3.8{15,000 (18,000 1. 44 1. 60 3,32
Air Right -2 4,97 84.7 184.4(-1,6{ 2,7} 3,2/ 4,2} 3.8] 3,9] 4.5| 3.8 -- - —0.N2 - 0. 38 0,52
Air Left -2 4,97 84,7 184,4(-1.6] 2.7 3.2| 4.1] 3.7} 3.9| 4.3 3.7 - -- 0. 94 0.332 0,60
-3 5.07 84.6 184.4] 0.6f{ 5.9| 5.6/ 5.9} 5.5| 6.0 6.0{ 6.0(18,000 {15, 000 0. 86 2. 80 4,68
Air Right -3 5.07 84.5 |84.3| 0.6/ 5.6| 5.6]/ 6.0 5.5/ 6.0 6.0 6.0 -- -- 0. 60 0.30 0.42
Alr Left -3 5,07 34.5184.4( 0.6 5.6 5.5/ 6,0} 5,4 6.0| 6.0] 5.9 - - 0. 80 0.308 0.692
-4 4,76 84.4 184,2| 6,1(10,6{10,.5/11.0 :10. 411,111,110, 9 {28,000 |20, 000 0. 294 3.92 5. 72
Air Right -4 4,176 34.4 134.2] 6,0[{10,.8]10,5/11.4§10.611.1(11.2]10.9 - - 0.40 0.228 Q. 512
Alir Left -4 4,76 34.4 184,21 6,310, 7/10,.5{11,3}10,6411,1|11,1(10.9 - -- 1,14 335 1,12
12-BI"-30-20-5 4. 92 35.1 [85,4] 0.5 5.1 6.0, 6.2 5.7{ 5.7 5.7] 5.0 21, 000 1. 36 2,88 4,60

18, 000




DATA SUMMARY SHEET

. , Discharge Pressure (pounds per square inch) gf;'t Iéiog‘iz' Hydrophone (volts)
fun No-. (cfs) Py |Pa P3| Pa| B5 | P | Pr | Pg P9 | Pro| 1ps) |(Ps) [10-200 Ke [4-10 Ke |2-10 Ke
[2-BF-30-20-5
Mir Right 4,76 |85.4185,9]/0.5| 5.1] 6.0 6.3| 5.8] 5.7 5.6] 6.0| 6,000| 7,800| 0.60 0.292 | 0.456
Nir Left -5 4,81 |85.3185.8|0.6| 5.1| 5.9| 6.2| 5.6| 5.7 5.5| 5.9[11,000(12,000| 0. 82 0.30 | 0.736
-6 4.66 [85.4136.2|8.3(12.9]12.9]13.9{13.2]13.0{13.1]13.4]27, 00028, 000| 3.62 4.04 | 6.08
Air Right -6 4,60 |85.586.2|8.6(12.8{13.4(13.8{13.0[13.2/13.3{13.5| 6,000| 6,500| 0.348 0,214 | 0.676
Air Left -6 | 4.60 [85.6/36.0|8.5[12.8[13.4|13,8[13.0[13.3/13.2/13.4| 9,000| 8,000| 0.376 0.42 | 1.40
= 4.52 |85.686.3(12.6(16.8|17.4[17.6{17.0|17.217.0/17. 4|23, 000 {29, 000| 4. 80 4.00 | 6.00
Air Right -7 4,49 |85.6/36.2(12.8[16.8[17.4(17.6(|17.3|17.3{17.3{17.5| 6,000| 6, 500 0.312 0.26 | 0.88
Ny Left rs 4,49 |85.436.0(12.7]16.6{17.4|17.6{17.1]17.1{17.2{17.5]| 8,000| 9,000| 0.316 0.56 | 1.66
-8 4,37 |85.485.7(17.4|21.0(22.0{22.0(21.8[22.0/21. 8/21. 823, 000 {23,000 0. 588 0.396 | 5.92
Air Right - 4.37 |85.4[85.9(17.0[21.3|21. 8|22.4|21.8]22.0[21.7|21.8| 6,500 8,000]| o0.30 0.344 | 1.06
rir Left -8 4.37 |85.385.7[17.4[21.4|21.6/22.3[21.9[22.2|21.8[21.8] 8,500 9,000 o0.304 0.82 | 2.26
-9 4.28 [85.2185.120.8[24.9(25. 6|25, 6|24.8(25.4|25.4/25.0(25, 000 |26,000| 6. 20 3.84 | 5.64
Sir Right -9 4,28  [85.185,220.8[24,7|25.4|25.6(25.0(25.4(25.4[25.0| 7,000 7,000 0.292 0.368 | 1.14
“ip Left -9 4.27 |85.085.0/20.6/24.8|25.3|25.8|25.1(25.5[25.5(25.3 [13, 000 |12, 000 | 0. 28 0.88 | 2.28
-10 4.16 |85.986.3|25.0/28.4]28.9|29.8/29. 2{29. 6(29.629. 5 {20, 000 (23,000 | 6.0 3.36 | 4.8
tip Right  -10 4.16 [85.886.3[25.1[28.4[29.0(29,.9(29.3[20.8(29.6[29.6| 6,000 5,000 o0.38 0.44 | 1.14
Vie Left ~10 4.14 [85.886.3|25.6[28.4[29.0/29.9(29.3[29.6(29.6(29.6 |10,000 (12,000 0.36 0.94 | 2.16
} 2-BF-4-20 -11 4.45 |85.885.6(14.3]18.0/18.3[18.7|18.4(18.7(18.9/18.6 |30, 000 |20, 000| 4.3 3.7 5.6
“ir Right  -11 4,47 |85.885.5(14.3(18.4(18.3[18.9[18.4(18.9[19.0[18.6| 7,000 9, 000| o0.23 0.35 | 0.92
Lir Left -11 4,47 |85.8(85.5(14,3[18.2(18.3[18.7[18.4(18.8[18.9(18.6| 7,000 |11, 000| o0.33 0.58 | 1.6
12 4.16  [86.1[86.0[25.9(29. 129, 1[29.7/29.4(29.8(30.1[29.5 [22, 000 {28, 000| 4.0 3.4 4.6
“ir Right  -12 4.16 [86.1[86.0(26.1(29.3[29.1[29.7(29.4(29.8[30.1(29.5| 8,000| 9,000| 0.29 0.50 | 1.33
“ir Left -12 4.16 |86.186.1(26.0/29.3/29.1[29.8(29.429.8[30.1(29.5{11,000|11,000| 0.31 0.95 | 2.25
=13 4.06 |86.386.0[29.5[32.2(32.4[32.8|32.5(33.0(33.5[32. 8 [14, 000 |20, 000| 3.4 3.0 4,25
“ir Right  -13 4.06 [86.336.1(29.6(32.4[32.4(32.8(32.5(33.1[33.5[32.8| 7,000 8,000| 0.28 0.53 | 1.35
Lir Teft 18 4,010 |86.436.1[29.5(32,4(32.4[32.8[32.7[33.0[33.5[32.8| 9,000 8,500]| 0.28 0.98 | 2.03
-14 3.92 |86.7 86.3(33.7(36.3(36.2|36.7[36.7(37.1{37.336.9 {16, 000 {10,000 | 3.10 2.73 | 3.30
ir Right -14 3.92 |86.7 6.3(33.8(36.3[36.2(36.836.7[37.1137.336.9| 7,000] 9,000 | o0.26 0.53 | 1.30




DATA SUMMARY SHEET

S Discharge Pressure (pounds per square inch) gfg't 5?;‘12- Hydrophone (volts)
‘ (cfs) Py | Py | P3| Py | Bs| Pg| P7| Pg| P9 | Pro| 1pg) | aps) [10-200 Kc|4-10 Ke|2-10 Ke
Nip et = 8 3.92 |86.7[86.3(33.7|36.3|36.2|36.8|36.7(37.1{37.3(36.9 [10,000|12,000| 0,275 1,10 .97
-15 3.75 |86.8[86.4(38.1[40.4]40.4(40.9[40.841.0[41.6[41.0 |14, 000 {16,000 | 2. 80 2.25 | 2.85
Air Right  -15 3.75 |86.8[86.4(38.2/40.4[40.4(40.9/40.8]41.0/41.641.0| 6,000 | 6,500 | .0.235 0.53 1.05
Air Left -15| .3.75 |86.8)36.4(38.2[40.4[40.4]40.9(40.841.2[41.7/41.0| 9,000/ 9,500 | 0.26 0.97 1.53
-16 3.59 [87.0[86.8/42.4|44.7|45.0/45.0|44.9(45.1(|45.0145.0| 8,500| 9,500 2.38 1.83 2.55
Air Right  -18 3.59 |87.036.9]42. 4|44, 8|45, 0]45.2]44,9/45,145.0/45.0| 8,000| 9,000 | 0.225 0. 45 0.87
Adr Left -16 3.59 |87.0(36.9(42. 4|44, 7]45.0|45.0]44. 945, 1]45.0(45.0 |12, 000 [14,000| 0. 25 0.73 1.15
-17 3.32 |87.287.3(48.8|51.0(50.7|51.1|51.1/51.7(52.1/51.3| 8,000/ 4,500| 1.43 0. 94 1.18
\ir Right  -17 3.32 |87.287.2[48.8{51.0(50.7|51.1]51.1{51.7(52.1(51.3| 8,500| 5,000 0.195 0.39°| 0.54
Air Left 49 3.32 |87.237.2[48.8(51.0(50.7|51.2(51.1[51.7(52.1(51.3| 8,500 7,000| 0.22 0.64 | 0.90
-18 3.06 |87.637.7(55.2(56.8(56.6|57.2(57.1[57.5(58.0|{57.2] 800| 500| 1.00 0.27 0. 29
Air Right  -18 3.06 [87.6[87.6]55.2|56.8(56.6|57.1[57.1(57.5|58.0|57. 2 800| 500| 0.175 0.190 | 0.225
Air Left -18 3.06 |87.6187.6|55.2|56.9|56.5|57.1|57.1(57.5|58.0/57. 2 800 500 | 0.190 0.258 | 0.275
-19 2.92 [87.687.6(57.9(59. 8/59. 3(59.8(59.9/60.2(60.4[59.9 22 26 | 0.14 0.028 | 0.032
\ir Right -19 2.92 |87.6[87.6(58.0(59.8(59.2{59.859. 9160, 260. 459, 9 800| 700| 0.16 0.145| 0.17
Sir Left -19 2.92 [87.6[87.6/58.0[59.8(59.3|59.8[60.0(60.2|60.4(59.9 700| 900| 0.18 0.163 | 0.183
12-BF-5-35 -1 8.04 |80.830.9(20.7|26.2(27.2|27.726.6(26.8/26.8|26.8 |27,000(26,000 | 7.12 3.72 | 5.2
=2 7.68 [81.2[81.3|25.9/31.2(31.8(32.4(31.4(31.8(31.7(31.7(18,000(18,000| 5.04 3.12 | 4.36
=3 7.39 [81.982.0(30.8|35.7|35.9|36.7[36.1(36.2[36.2[36.1|13,000(15,000 | 3.1 2.43 | 3.6
-4 7.08 |82.3182.6(35.4|40. 2|40. 2[40. 8 40. 2 40. 3[40.3[40.1| 8,500| 9,000| 2.3 2.05 | 2.6
-5 6.91 |82.4132.6(38. 842, 6]43.4/43.6/43.4/43.5/43.2/43.1] 9,000| 9,500| 1.75 1.64 | 2.35
-6 6.67 |[82.8[82.9|41.845.6/|46.2|46.4[46.2/46.2(46.0/45.9| 7,500 8,500 | 1.52 1,38 1.95
-7 6.42 |83.0(83.3|44.8(|48.4]48.6/49.1[49.0/49.0/(48.8/48.6| 6,000/ 7,000 | 1.06 0.90 1.20
-8 6.28 |83.2/33.5(46. 8/50. 2(50. 5/50. 8/50. 8{50. 8(50. 5(50. 3 | 4, 000| 4,500 o0.77 0.67 | 0.76
-9 6.08 |83.583.7(49.3|52.8/52.8|53.1[53.2(53.2(53.1(52.7| 1,300| 1,400| 0.38 0.32 | 0.34
-10 5.96 |83.7 34.0/50. 8[53. 8|54, 1(54. 3|54, 6 [54. 5|54, 2 [54. 1 500{ 600 | 0.275 0.17 | 0.20
-11 5.83 |84.3(84.4[53.2(55.6|55.7[56.4(56.1[56,2(56.7[55.9| 400 500 | 0.145 0.092| 0.095



DATA SUMMARY SHEET

Run No.

12-BF-5-35-12

12-BF-6-35-14

12-BF-6-50-1

Air Right
Air Left

~ir Right
Adr Left

~ir Right
Alr Left

Air Right
Air Left

Alr Right
Air Left

Air Right
Aair Left

Yir Right
Air Left

Discharge Pressure (pounds per square inch) gie;‘t. ]éti:);iz. Hydrophone (volts)
(cfs) Pl Pa|Ps| P | 5| B |P7 | Ps |Po | Pro| aps) | aps) [10-200 Ke| 4-10 Kc|2-10 Ke
5.46 84,9 85,457,759, 7(59,8{60,5(60,160.3]60,760.0 200 260 0.05 0.03 0. 052
-13 8. 44 80.1180, 7|14, 2{20. 1)21. 3{22.2|20.721.0)21,020,.7 |27,000|27, 000 8.60 4,12 5.48
9.00 78.4178.3] 5.6{12.4/14.2|14,2/12,6{13,0(12.6.]12.8 |27, 00026, 000 5.76 4, 96 6.24
-15 9,25 T¢.8117.68) 2.0] '9.1111.0{10.8]1 9.1| 9.8| 9.3| 9.6 ]26,000}26, 000 3.52 5.12 6.24
14,16 64.3 [64. 3|15, 2|22, 8|25, 4|25, 6|22, 122,622, 8)22,3 |25,000|26,000| 11,60 6.08 6.92
=% 14,16 64.1 64.3|15. 2|22, 8|25.3|25.7|22.0)22,7|22,722.4 |121,000]22, 000 2.08 4,52 6.00
=1 14.16 64.2 64,.3]15.1]22, 8|25.1]25.6(22.1122.8|22.622.2)20,000]19, 000 0.88 2.56 4. 44
-2 13.75 65.8|65.8 19. 3|26. 628, 1/29.0(26, 3|26, 6{26.3 |26.1 |26,000(23,000| 11.88 5.12 6.48
-2 13.75 65.8 65.8(19, 3(26.6(28.0(29.1|26, 3|26.6|26.3 26.1 |25,000(24, 000 1,92 3.6 5.2
-2 13.75 65.8 65.8(19. 3[/26.6)28.1(29.1|26, 3|26.6|26,3 [26.2 |20,000|14, 000 0.74 2,36 3.172
-3 13.44 66. 8 |66.8/22,6(29.0]30,.9(31.7|28,.6(29.2|29,029.0{20,000/|18, 000 9. 88 4.52 5.68
-3 13. 44 66.8 66.8|22, 8({29,.0{30.9(31.8|28.6|29.2)29,0(29,0[30,000|18, 000 1.68 3. 24 4,48
-3 13, 44 66.8 [66.8(22,6/29,0(30.9|31.8(28.629,2(29,029.0 |15, 000}20, 000 0. 64 2.00 3.24
-4 12,72 69.569.4(30.4135.7|37.5|38.2(35.7(36,0(36,3|36.1|20,000|16, 000 5.00 2.76 3.68
-4 12,72 69.7(69.4(30. 435,837, 5|38.2|35.7(36.1|36.3(36.1|16,000|11, 000 0. 94 2,2 2.96
-4 12, 72 69.5[69.4(30, 4|35, 8(37.5|38,235,7|36.1|36.2(36.1|13,000| 11, 000 0,472 1.32 2.12
-5 . 12,311 71.2(70.8|35.1{40.0(41.4|42.2|39. 840.4)40,4}40.1 (11,000(10, 000 2,48 1. 52 2.00
-5 b8 | 71.2(70.8|34,9/40,0(41,4(42,2|39,.840.4|40.4 40,1 [15,000| 9,000 "~ 0.708 1.60 2.00
-5 12,11 71.2(70.8(34.9|40,.0(41. 5|42, 239, 940, 4]40.4}40.1 {10, 000| 8,000 0. 368 0. 980 1,48
-6 11.59 72,512,239, 2|44.1|45.1(45.9|43.844.3]43.944.2| 6,800( 8,000 1.0 0.73 |
-6 11,59 72.5(72,2|39,2({44.2|45.1(45.9(43,.8 44, 244.244.2| 6,700]| 8,000 0. 56 1.13 1.40
-6 11.59 72.5(72,1(39. 2(44, 2|45.1|45.9(43. 8 |44, 3|44.2 44,2 | 5,000]| 6,500 0. 31 0.75 1.06
-7 11.18 73.9(713.4(43,0|47,.9(48,5(49,3 47,5 47.8(47.847.7| 5,000{( 5,500 0. 49 0. 44 0.60
=T 11.18 73.9(713.442, 9(47.9|48.5|49.3[47.547.747.8147.7| 3,700| 6,000 0.44 0.75 0.90
= | 1114 73.9(73.442,9(47.9|48,5(49.247.547,9]47.647,7| 2,500( 5,000 0. 275 0. 55 0.74
-8 1. 97 31.0130,.7|64.8(67.6|67.0]|68,4|67.867.9(68.0(67.9 110 90 0.120 0.026 0. 045




DATA SUMMARY SHEET

Discharge Pressure (pounds per square inch) ge;‘t gg;‘iz. Hydrophone (volts)
T o
fun Ro. (cfs) Pl PZ P3 P4 I)5 PB P'? PB PQ PlO (I‘IPS-) (I;?S-) 10-200 Kc|4-10 Ke|2-10 Ke
12-BF-6-50
Air Right -8 9497 81.080.6(64.9|67,.7i67.0/68.4[{67.8[67.9(68.0(67.9 770 900 0.18 0.111 0..126
Air Left -3 7.97 81.0160,.6|64,9/67,6/67.0{68.4(67,8(67.9(68.0,67.9 720 300 0.162 0.170 0. 203
-9 10,08 76.6 [716.0|51,6{55, 4|55, 756,855, 1[55.3[55.4|55.4| 2,300| 2,200 0.17 0,24 0. 27
Air Right -9 10.08 76.6 (76,1151, 6]55.5|55.7|56.8(55.155.3|55.4]55.4| 2,400 1, 700 0242 0. 283 0,35
Air Teft -5 10,08 76.6(76.0(51. 6|55.4(55.7(56.8|55.1(55.3(55.4(55.4| 1,600 2,000 0.213 0.275 0. 34
-10 38.10 81.5(80.965.1|67.6{67.8|68.1(67.7|67.4|67.467.7 80 45 - -- --
-10 e s | e | m (Fow ] e f nsag ) s §ouwna ] s § oo i — _— s -
-10 - wrm | o f w (f s f s 0 e § o b oo (] sewe § osess - - il - -
12-BF-9-50-11 15.49 60.860.8| 5.0/12.8]15.7|16.1]12.6]12.6]12.5|12. 3|35, 000 |45,000| 10.08 9.60 11.48
Air Right  -11 15.49 60.8(60.8] 4.8|13.0(15.6{16.4]12,.6|12.5/12.5]|12, 3 |21, 000 |26, 000 3.20 5.76 4,60
Air Left =11 15.49 60.8[60.8| 4.8|13.0(15.7{16,2(12.5)12.5(12.5]|12,3 {20,000 |14, 000 2,12 3.80 6.60
12-RG-6-50-1 11. 26 64.1 64,215,122, 7(25.2(25.1|22.0(22,7(22.5|22.1 (10,000 |10, 000 0,568 0,760 1. 96
-2 13.69 65.865.9]19.5/26.6(28.0]|29,41(26. 2|26.4(26. 3|26.2 |20,000 |14, 000 0552 0,728 1,84
-3 13. 44 66.8 66,822, 7(28,9(30.6|31.6(28.6(29,2(29,2]29.0 (13,000 |10, 000 0.492 0.700 1,72
-4 12,62 69.5 69, 530, 3|35.6(36.7]38.4135.7136.3|36.4136,2| 7,000( 9, 000 0.40 0,588 1.16
=5 12.11 71.2|71,2(34.6{40.1(41, 2|42, 2(39.840.4140,4140.2| 8,000 7,000 0. 368 0.452 0,88
-6 11. 59 72,572,239, 2|44, 4|44, 8|45, 743,944, 2(44, 3144, 2| 3,600]| 6,000 0. 290 0.37 0.67
-7 11,16 73.9073.5|43.1|48,1(48,1(49,447,447.7(47.8147.7| 3,000 4, 200 0. 285 0. 30 0. 60
-8 8.00 81,0/80,7165.0(67.6|67,4(68,1167,7|67.7|68.167.9 550 400 0.16 0.11 0.13
-9 10,48 76.6 76,251, 6(55.1(55.7|56.6(55,1(55.5(55.61(65.4| 1,300 2, 000 0. 252 0. 23 0. 263
12-BG-9-50-10 15. 30 60.81(60.8| 4,8/13,1(15,8(16,1|12,6{12,5{12,5|12,3 (18,000 (17, 000 1.12 1. 36 3. 20
12-BH-6-50-1 15.70 60. 3 60, 3|22, 8(28. 8(30.6(30,8(26,8127,6)27,.427,.0 {13,000 |12, 000 7.04 3. 32 4,20
-2 15.12 62.4162,4)27, 3|33.633.7(35.031,4|31.8(31,3(31.7 /12,000 |13, 000 4,76 2,44 3.16
-3 14, 80 63.8[63.6]30,7|35.6|36,7(37.7|34,0(34,5(34.6(34,3| 9,000 10, 000 2.88 1. 64 2. 14
-4 13.68 67.4[167.1138.6|42.4|43.2|44.4141.4}42.1[42.141.6| 2,700 6, 500 0. 54 0,45 0.60
~D 13,04 69.269,.1(43,1]|46,9(47.4]48.1[45.846,0(46.446.1| 3,100 | 2, 900 0..:25 0. 25 0.3



DATA SUMMARY SHEET

N Discharge Pressure (pounds per square inch) gfif;‘t- ggfiz- Hydrophone (volts)
(cfs) Py | Py | Py [ By | Py | Ty [P | Py | Py | Pygjps) | (apg) [10-200 Ke |4-10 Ke|2-10 Ke
12-13H-6-50 -6 10.08 77.61[76.862, 0|64, 2|64, 3|64, 7({63,4|63,7|63,763.6 90 150 0.113 0,024 0. 040
12-BH-9-50 -7 17.18 55.5155.4|11. 2{18.0(19.8]20.3|15.7|15.7(15.8|15.5 |24, 000 22, 000 12.0 6.16 7.08
12-BE'-9-70 -1 19, 90 41.641.9(18. 3({23. 7|26. 3|26.721.3|21.2(20.820.7 |16, 000 |16, 000 5.6 2.88 3. 52
-2 19, 32 45,6 45,7(24, 0128, 5(31.3|31.526. 7|26, 7|26.5 26,2 |10, 000 | 8, 000 2,80 1.64 2,24
-3 i BT 50.8]50.7132. 9{36.7|38.5|39.2|34,7135.0]35.5(34.3| 7,000 ] 6, 000 0.68 0,48 0.78
-4 16,92 53.91(54.0(36.9{40.8{42.7|42.839.0)39.2(39.7(38.6| 7,000 4, 000 0.40 0,38 0. 56
-5 16. 55 56,4 |56.6(40, 4|44, 2|45.6(46.5(42, 5(42.9(43.0142,4 | 6,000} 3, 000 0.21 0. 30 0. 44
-6 15. 80 59.4159.5(44. 8{47. 849, 5|50.2|46.446.8(46. 8 46.4 | 2,000 | 2, 400 0.17 0.18 0. 25
=T 14,70 83.5|53.6 51.0(53.9|54.6|55.5|52.3(52.8(52.0(52,1 ] 1,800 1, 000 0,115 0,14 0.18
-8 13. 30 68.2 68,358, 1({60.4)61.2|61.8(59.3]59.5(59.6(59,2 280 ‘160 0.06 0.05 0.075
=9 18. 00 51.3(51.4(33.7|37.5|38.6(39.4(34.9(35.5(35.734.7| 6,500 | 5,000 0.68 0.48 0.73
12-BF-10-20-1 4.42 87.3(79.214.6] 8.119.3] 9.3| 9.0( 9.1 9.4} 9.2 27,000 (21, 000 2.28 4,08 6.16
-2 4,22 87.5180.115,1|17.8(19.3]19.318.9(19.3[19.6{19.0 |36, 000 |30, 000 5. 56 4,852 7.40
-3 4.06 87.4180.6(21.4|23,7]25.1]25.3(25.0(25. 5(25.8 [25.0 |25, 000 {24, 000 7.40 4,40 7.16
-4 3. 96 87.4131.0(25.2(27.8|29.1|29.1(29.0129.4129.5{29.0 |24, 000 |25, 000 7.08 3. 84 5. 44
-5 3..72 87.5(82,1]32.7{34.8|36.1{36.3[35.936.5|36.6 (36,0 |22, 000 {22, 000 6.16 3.04 4,08
-6 3.65 87.7183.4136.,7[38.7|39.8(40,0(39,7140.340,4(39.8 (19,000 {17, 000 3. 88 2.°15 3.6
-7 3.41 87.7133.4(42, 8|45, 1(45.6]46.045. 545.8(46,1 45.8 |13, 000 {12, 000 © 3,09 2,18 2.9
-8 3.20 [88.01(84.1[47.6[49. 8[50. 3|50, 8{50. 250, 6|51.0|50. 3 [13, 000 |14, 000 | 2.32" 1.58 | 2.0
-9 3.02 88.0(34.6(51,7|53.8|54,0(54.5{54.2(54,5(54.854.4 ] 5,000 | 4, 000 1.05 0.68 0.79
-10 2,94 88.1[85,1|54.4[{56,5|56.6|57.0(56.656,9(57.2(56.8 ] 1,400 ( 1,300 0.37 0.23 0. 265
-11 2: 170 88.3[85,3|56.8{58.6|58.4|59.1{58, 9|59, 2{59.8[58.9 S Z20 230 0.14 0.058 0.07
12-BF-11-50-7 7.85 81.91[55.8]49.6[{51,2|51.7(51,.9(50,8|51.2(50,4{50,7| 5,000 | 6, 500 0.33 0. 46 0.67
-8 756 82,3157.8152. 2(53.8(54.0|54. 453,415 53.0 [53.3| 4,000 | 4,500 0.25 0. 40 0. 56
-9 7.10 83.061.1(56.0[57.2|57.3(58.0(57.0157.2|57.8p7.2| 3,500 4,000 0.14 0.20 0 31




DATA SUMMARY SHEET

Run No.

12-BF-6-50

A

Air Right
Mir Left

12-BF-6-50

rir Right
Air Left

12-BG-6-50

Air Right
Lir Left

2-BG-6-50

12-BF-11-50-10

Horiz.

12-BF-30-20-7

“ir Right
Air Left

:2-BG-30-20-7
12-BF-4-20-13

Air Right

Xir Left

:2-EG-4-20-13

Discharge Pressure (pounds per square inch) ge};‘t o ITydrophone (volts)
- 1D, 1D,
(cfs) P | Py | Py | Py | Pg | P | Pyp | Pg | Pol Piglpg) | (rpg) [10-200 Ke[4-10 Ke |2-10 Ke
5.69 85.6(71.6|68,3|69.7({69,3|69,7[69,369,4|69.8(69.5 110 110 . 044 ~OLT , 035
-11 9.30 |78.8|41.6(33.2/35.6(35.,9{36.3|35.,6(35,2|34, 6 35,2 {16,000 |22,000{ 3,80 2,82 3.6
-12 8.70 |79.745.4(38,0{40, 2|40, 4|40, 8|39, 5(39,6(39,5(39,6 |16, 000 (18, 000| 2,40 1,70 2,56
-13 8.25 |[80.8(50.6(43.8|45,. 8|45, 8|46, 2{44, 945, 2(45,4 45,2 |10,000 |[12,000( 1.16 0.92 1. 44
-14| 10.06 |[76.8(33.5[23.7|26.4|26.8/27.2(25.6|25.8(25.8[25.7 |24, 000 [28,000| 7.00 3.28 4,64
-15| 10.67 |75.3(26.8(16.0{18.8{19.1{19.7|17.8{18.1|17.9/18.1 (32,000 |[30,000| 8,36 4,16 5.64
-16°| 10.88 |74.5(22.9(11.6(14.2[14.7|15.2|13.3|13.6(12,9]13.4 140,000 [35,000| 7.72 5.28 6. 64
-2 13.82 [65.9| -- [18.8]26.5(28.2/28.8(26.1(26.1(25.8|25.8 |23, 000 | 24, 000 10.40 5.68 6.68 "
-2 -- CR B BT (T I T BT T T -- - 1.84 4,16 5, 52
-2 -- T I i e B T B N e -- -- 0.744 2,20 3.92
-2 - 65.9 | -~ [18.7|26.3|28.2{28.7(26.0/26.0(25.926.1| 9,000| 9,000/ 0.576 -- --
-5 12,16 [71.2| -- |34.0|39.9(41.4[41.6|40,0(39.8(39,7 40,0 {10,000 11,000 2.76 1.80 2.48
-5 -- s | owm | omm ) ows | s | e | s fad |oes | ee -- -- 0. 80 1. 80 2.28 .
-5 -- N e T I S I B B -- -- 0.412 E, 12 1.624
-5 -- 71.2| -- |33.8/40.0(41.4[41.8(39.9(39.7(39.5140.1| 7,000 8,000 0.376 0,52 0.988
-9 10.08 |76.6| -- [51.1[55.6(56.0/56,6(55.4|55.2!54,7/55.5( 1,700| 1,900 0.192 0.144 | 0.176
-9 -- S BT T I S - -- | -- -- -- 0.34 0.308 | 0,344
-9 -- ST T T [ e T I R T -- -- 0.292 0. 30 0.368
-9 - 76.6| -- |51.2|55.6[56,1{56,6|55.2(54,9/54.6/55.4| 1,800 1,800| 0.356 2,16 0.28
4,52 |[85.5| -- |12.5/17.0(17.0[17.6(17,0{17.1]17,4|17.4 [31,000 {30,000| 4.00 3. 80 5. 84
-7 s sig 4 we s foom | s ] ve | se |few | sw fes -- -- 0.32 0. 34 1.032
-7 - S T (RO N R (R BT S R -- -- 0. 352 0.170 1.96
-- 85.6| -- |12.4|17.0(17.1|17.5(17.1|17.2|17,4|17.4| 7,000 9,000 0.32 0.28 0.178
4.52 [86.3| -- |28.6|32.2(32.3[32.8(32.6(32,5|33,0/(32,8 (23,000 (21, 000| 4.40 3.20 4, 64
-13 - o | s | e s | ] e | s fem ] s | o - -- 0.352 0.48 1,20
-13 - cm | mm | | 2= ] e ] = | es }oem | owe | oes -- -- 0.372 1.42 2.20
-~ 86.3| -- |28.6[32.5(32.6(32.8(32.432.732.832.9| 7,000| 6,000{ 0.388 0.42 0. 84




DATA SUMMARY SHEET

R Discharge Pressure (pounds per square inch) szrt. I{F)riZ. Hydrophone (volts)
un No. = D 1D Vib. Vib.
(cfs) | Py Pyl Py Psi{ P | B | Pa| Po| 10| (ps) | (ps) [10-200 Ke [4-10 Ke |2-10 Ke
'; 12-BEF-4-20-16 3.59 87.0 41.5/44.5/44.6{44.8|44.6|44. 8|44,8|44,9[12,000]13, 000 2. 60 2..02 2.7
; Air Right -16 -- -- o [ | e o { e [ o s }oes -- -- 0.21 0.46 | 0.91
L A\ir Left  -186 -- -- e B B e e R e - - -- 0. 26 1,00 1.49
12-BG-4-20-16 e 87.0 41,4144, 644,544, 8 44,714,744, 915.0| 6,000(12, 000 0. 27 0. 26 0. 5%
$ 12-BIP-4-20-19° 2,91 87.6 57.3159.5159,0(59.459.7 159.2|59.6 59.6 120 200 0.120 0.034 0. 037
ir Right  -19 = -- -= = - -- - -- == - == =i 0.164 0,142 0.167
Air Left -19 - s e kel B = e - -- = - i 0.173 0.176 0.1%4
12-BG-4-20~10 - 87.6 57.3(569.7 59, 5)59.7 59.4159.8 59.9 750 800 0.190 0.132 0.167

59, 2




PARAMETER SUMMARY SHEET

Valve Dynamic Mean Dynamié Pressure C Q
R es Opening ¢ b Pressure Pressure Mean Pressure d ~ A \/2_"
gh
12-1¥B-12-20-1 20% 1,78 1,174 0,72 44, 4 0.0160 0.129
) =8 2, 20 2,14 0.50 50.0 0.0100 0,125
-3 2,47 2. 41 0. 48 51.9 0.0092 0.125
-4 2.70 | 2.62 0. 50 54,0 0.0003 0.124
-5 2,98 | 2.90 0.45 56.5 0.0080 0.124
-6 3.33 | 3.25 0. 42 58, 3 0.0072 0.126
- 7. 3.66 | 3.57 0.40 60,3 o 0.0066 0,125
- -8 3.99 | 3.89 0.37 61.8 0.0060 0. 127
-9 4,18 4,08 0.72 62. 6 0.0120 0,124
-10 4,96 | 4,82 0.38 65. 2 0.0058 0,128
) -11 5.86 5,72 0,35 68.0 0.0051 0,125 .
- -12 3.56 3,47 0.48 59. 1 0.0081 0,128
-13 1.62 1,57 1.83 41,3 0.0440 0.128
L =34 1,26 | 1,22 2,23 35.1 0,0620 0.127
cis| | o0.886| 0.86 |  2.73 25.7 0.1460 0.126
-16 0.606| 0.58 2.36 17.2 Co.1370 | 0.125
-1t | ] 0,445, 0,43 2. 26 11.5 o.1970 . | 0.123
- | To.s18! 0,50 2,03 19.1 0. 1060 ] 0.124
=39 0.359| 0.34 2,36 6. 85 0.3440 0.122
SO 3 s 0.292 | 0.28 2,15 . BB 0,.7530_ N L —




PARAMETER SUMMARY SHEET - continued:

Run No Valve - K Dynamic Mean Dynamic Pressure c. = Q
. Opening Pressure Pressure Mean Pressure d A \/_Zéﬁ
12-WB-13-35-1|  35% 1.16 | 0.99 2,03 28. 90 0.070 _ 0.236
-2| 1.37 | 1,27 1.93 32, 65 0.059 0.232 B
A 3 0.87 | 0.81 2,10 23,55 0.089 0.232
} y 0.65 | 0,59 | _ 1,87 17, 60 0. 10 0. 224
-5 1,69 | 1.59 3,12 38. 90 0.080 0. 230
-8 | 19| 11 1,25 42. 00 0.030 0.232
-1 | 2,08 1,95 1,17 44,05 0.027 0.232
-8 2.60 | 2,43 0.93 49, 45 0.019 0,234
-9 2.79 | 2,62 0. 67 50. 80 0.013 0,231
o -10 3.03 | 2,85 0.68 . 52. 50 0.013 ) 0. 230
. =) 3.29 | 3.09 0. 67 54. 30 0.012 0.231
- -12 4,60 | 4.34 0.48 60. 70 0.008 0.231
-13| 3,33 | 3.13 0.62 54,30 0.011 0.218 ;
14 3.83 | 3.62 0.87 56. 20 0.015 0.216
12-Wh=»13-50~1] _ 50%. .| . 2.00 | 1,66 | . 2 20 33.20 0.066 0.350
=2 2.22 | 1.95 2,07 37. 20 0.056 - 0,346
. 3l 248, 217|  1.83 39.80 | 0,046 » 0.345
Al 2,50 | 2,21 1,90 39. 10 0.049 0.339
. 2,76 | 2.45 1.73 41,60 | 0,042 o34l
e TS| B3.21 ) 271 ) 1,73 e 35,00 _ 0.038 _.0.336
~ - WNEROE, SO N 8 1 - - 1 Y N i | S SN S R L S L 0,330 ___
= =0 .12 1 3,67 | __. 1,82 _.50.10 N NOR A aaa



PARAMETER SUMMARY SHEET - continued:

R y Valve Dynamic Mean Dynamic Pressure c. . Q
un No, Opening o K Pressure Pressure Mean Pressure d - Aﬁg-h_
12-WB-13-50-9|  50% 4,35 | 3.89 1,27 53. 20 0.024 0.324 B
-0 5.59 | 5,02 1,10 57. 60 0,019 0,324
11 6.53| 5.86 0.92 60. 20 0.015 0.325
A -12| 7.44| 6,68 0.97 62. 30 0.016 0.325 -
o -13 9.56 |  8.61 0.81 66. 60 0.012 0.325
) -14 11.30 | 10.19 0.88 70. 00 0.013 0.325
215 5.00| 4,49 1.19 55,00 0.022 0.326
12-WB-14-50-16 _ 50% 1.60 | 1,38 1,23 10,20 | 0.121 0.355
12-WB-14-70-1 70% 4,47 3.34 0. 45 40, 25 0.0111 0.567
. =B | 4,82 | 3.63 0. 425 41.70 0.0101 0. 569
=3 5.26 | 3.95 0. 425 43. 65 0.0097 0.568
T 6.20 | 4.62 0. 400 47,40 0.0084 0.575
A =5/ 1 6.64 5.00 0.37 49, 20 o 0.0075 0,567
S 19.80 6.83) 0,32 54.9 0.0058 0.595
12-WB-15-70-7 9,47 | 7.12 0. 60 56, 8 0.0105 0,571 .
B -8 | 10.90, 8.20 0.36 98y8 o.006r ;. _ 0.581
~-9f | 12.60| 9.34 0.37 61.0 0.0060 0. 582
o -wl | 603| 458 o054 | an7 | 0.0113 0512
1 a2 I __..6.70 | 5.06 0.70 498 | 0.0140 - _0.567
e ttey o | 6.56| 4.96 | 0,55 4922 o000 40,565
=13 L 7,08 1 5,371 0,581 51,2 n NNaa n RR7



PARAMETER SUMMARY SHEET - continued:

Run No.,

Valve
Opening

Dynamic
Pressure

Mean
Pressure

Dynamic Pressure
Mean Pressure

L 2~-WB=15-170-14

70%

8,26

Bl

22

0.55

54,2

0.0101

_15'

5.09

40

56

0.73

42,4

0.0173

-16

5.08

4.

59

0.75

44,0

0.0170

2-WB-20-20-1|  20% 0.37 0.349 5,31 7. 80 0.681
=2 0.46 0. 435 2, 65 11.6 0.228
=3 0. 64 0.613 2,62 19.2 0. 136
2-WB-21-20-4| 0.80 | 0,763 2.46 24.7 | 0.100
-5 0.93 | 0.899 2.46 28.4 0.087
-6 1,19 1,149 2,58 35, 4 0.073
. -1 1,71 1. 657 1,87 43,4 0.043
- -8 2.07 | 1,999 0.92 47.8 - 0.019
-9 2,46 2,383 0.170 52, 2 0.013 K s
R 3,96 | 3.847 0. 42 62, 4 0.007
-11] 4,75 | 4.600 0. 40 63. 5 0.006
-2l eea| 645 0,37 70,7 0,005 ) )
. -13 9.89 | 9.632 0,31 75,4 0.004 B o
2-WB-22-20-1]  20% 2.68 | 2,606 -
-2 3.05 2. 964 DR
o -_‘3 = 2_._ 83 i _2. 75.2 - Tape Recc;der B_r_o—l:t-a-n v -

et e T T e - — - -



PARAMETER SUMMARY SHEET - continued:

v, | S | e |k | pueme | e | QuamsEees (o . o
A \/_Zgh
12-WB-22-20-6| 20% | 0,45 | 0.429 2. 65 11,9 0.223
=11 | 0.37 | 0.350 2. 69 8.0 0.336 S
12-wC-21-20-1|" 20% 7.26 | 6.944 | 0,27 70,7 0.004 B
) -2 7.82 7.165 0,25 71,0 0.004 o
. -3 _ 113,05 [12.468 0.33 76,3 0.004
1 5.55 | 5.307 | |
=9 5.03 4,818 > Tape Recorder Broken
} 6] 6.57 6.294 |
- - 1.10 | 1.041 2.10 31.8 0.066
| 1.36 | 1,293 2.01 37.4 0.054
-9 1.63 1,551 1.67 42,1 0.040
i -10| | 1.98 | 1,888 1.23 46. 2 0.027
o -11 2.80 | 2,674 0.65 53, 8 0.012
_ -12| | 3,63 | 3,474 0.45 59. 0 0.008
- -13] 4,54 | 4,343 0. 40 63. 1 0.006
B <14 | o.76 | 0.719 1.78 22.0 a 0.081 s
e ) 0,88 £ 0,004 1 9098 16. 4 0.136 R CUEN -
2-WB-27-20-11  20%__| 0,371 | 0.351 2.69 LL65 | 0.2309 - s mon e
} 2 . .| 0.438 | 0,416 | 2,72 10.7 0.2542 S
] 0:597 ] 0,572 _2.84 23,7 | 0. 1198
-4 0.735 | o.706 | 2.77 | 976 BT ‘ I




PARAMETER SUMMARY SHEERT - continued;

Valve Dynamic Mean Dynamic Pressure Q
Run No, . o K -
Opening Pressure Pressure Mean Pressure \/———~
. NSV P i g
2-\WB-27-20-5 20% 0,859 | 0,827 2.71 30.3 0,0894
-6 3,148 | 1,113 P ¥ L 39.5 0,0686
-7 1,497 | 1,450 2,32 44,8 0.0518
- -8 - 1.897 | 1.840 1.48 51,4 0.0288
=91 2.274 | 2,204 1.10 55.1 0.0120
- =10} 1,512 | 1,464 2.50 42,17 0.0585
«11 o b 1,711 | 1, 667 2,00 45, 1 o 0,0443 i
R ¢ 1] 2.837 | 2,756 0,93 57,7 0,0161
. -13 1,984 1. 925 1,47 49,1 0.0299
-14 3.663 | 3.560 117 62,6 0.0187
B -15]| 4,874 | 4,744 0.70 67,1 0.0104 B
o =161 | 5,950 |.5,795 0,43 70, 2 0.0061
o wT 6.927 | 6,746 0.43 72,2 0.0060
2-WB-28-50-1| 50% 9,639 | 8.488 0.62 68. 1 0.0091
’ S, W— . MR L itk 28,0 4, 0197
-3 5,983 | 5,299 1,03 61.4 0.0168
- -4 6.972 | 6,206 1,14 64.8 0.0176
=S80 ] 3,294 | 2,915 1,58 43.9 0.0323 B
L 6y 1 4,432 | 3,915 ) 1,43 54.38 0.0261 U
=Ty ]1.2.395 | 2,098 2,07 40. 4 0.0512
s sl B s e BB o R O | B B e s B & N S —..0.0736___ N— .




PARAMETER SUMMARY SHERET - continued:

: Valve Dynamic Mean Dynamic Pressure _ Q
b e, Openin 7 & Pressure Pressure Mean Pressure d =
p g . ' - A \/_Zgh

12-\WB-28-50-5L  50% 3.294
-61, 4, 432

. 915 1,58 48. 9 0.0323
. 915 1.43 54, 8 0.0261

— L\‘-‘&-‘fli\.‘.‘i

- 7L, 2.395 | 2.098 2.07 40, 4 0.0512
. =8L] 1,773 L9549 | 2,45 33.3 0.0736 .

12-\WRB=-13-20-1|__20% ___ | 2,04 | 1,981 Thig was not recorded -129
wg 3, 21 3,117 e .129

-3 4,88 | 4,747 . 129
-4 0.89 | 0.859 | ©.128
-5 0.44 | 0,413 | 518

12-WB-13-50-1 50% 2,68 2,341 ' _ . 353

-9 1.83 1,589 . 357

. -3 3.70 | 3,225 .359
e ‘ 4,94 | 4,331 - . .355
y -5 | 5.65 | 4,958 | - ~ i ; 352




PARAMETER SUMMARY SHEET

Valve Dynamic Mean Dynamic Pressure

Run No, ) T K 2
Opening Pressure Pressure “Mean Pressure

12-BH-29-20-1]  20% .314 | 0,310 3,34 5.78 0.579

-2 .378 | 0.373 1,50 10,5 . 0,143

-3 .519 0.513 1,43 16,

(7]
o
]
co
-3

-4| .885 | 0,874 | 1.03 29,

o | |OC |0 O

A2=BH=50-20=5 ,523 | 0,516 1,33 16, 0.081
-6 1.061 1,047 0,76 34, 0,022
{ = . 408 1.389 0.78 &1 3

—

-8 . 788 1.764 0,68 46,

g ool |in
5
o
[
©

-9 .135 | 2.107 0.73 50

|
|
1

=10 _ 513 | 2,480 0.450

SRSV o]
-3 (W
o
o
(an]
=31

5
-11 .927 | 2,888 0. 400 58.

12-BG-29-20-1|  20% 0.178 | 0,177 5. 80 -17,

-2 0.194 | 0.194 5.93 ~9.

[e=R =T e R {e )
—
—
o
o

-3 0.228 | 0,227 0.99 0.
-4l | o0.318]| 0.317 1.14 0.168 ‘_—
12-8G-30-20-5] | 0.227| 0.226 | 0.95 0 S
6| | 0.353 0.352 1,40 | 8.7 0. 161 .05
_._.__-._:7 o 0,430 0,428 140 12. 4 0,081
-8 | o0.532] 0,530 | _ 0.800 17. 2 0.046 T
o ___"_-9_____“___ N 0.619 0.617 0.81 20.9 0.039
D | o.134| 0.731 | 0.550 |  25.7 DR sinsr S
e T B R e T i~ i i ™




PARAMETER SUMMARY SHEET - continued:

RanNo. |ge | e | k| grmmie | e o | DpamisBresswe g,.
' A f2gn

12-BG-4-20-12 |  20% 0.735 | 0,732 0.550 26. 4 0.021 0.058

. -13 0.837 | 0.834 0.72 32.0 0.022 0.058

B -14 | 0.982 | 0,978 0. 450 33.8 0.013 0.058

=15 1,187 | 1,185 0.420 38. 1 0.011 0.058

= =16 1,357 | 1,354 0.330 42.3 0.008 0.058

D Y A 1,763 | 1,758 0.310 49,0 0.006 0,058

-18_ 12,2176 2,269 0,280 55.0 0,005 0,058

-19 2.596 | 2,586 0.220 58.2 0.004 0.058

-20 | 3.256 | 3,242 0.210 62.8 0.003 0.057

©2-BF-20-20-1 | 20% 0.178 | 0,177 3,17 3,12 1,016 0.056

- —2_ B 0,195 0,195 3.24 2,02 1.604 0.058
-3 0.229 | 0,228 1,07 1.0 1.07 0.060 B
s -4 0.313 | 0,312 0.99 6,2 0,160 0.054 B
1-BF-30-20-5 | 0.228 | 0,227 0.99 0.8 0.124 | 0058
6| ] 0.353 | 0,352 1,20 9.6 0,125 o008
- eif] 0, 431 | 0,428 1, 50_* 12,8 0.117 0.058 -

-8 0,531 0,530 1,44 1T .5 0,082 0.0568
ol o s1s ToLes T 0en 20.7 0.044 T oloss
-0l 1 o.736 | 0.733 1.10 25,5 0.043 0.058

2-BF-4-20-111 | 0 455 | 0.454 0.99 14,2 0.070 e 0.056

-12| 10133 |o730 | 106 | 25,0 | o0.041 0.058

-13 | 0.837 0,831 | 1,01 2919 0.034 0,059



PARAMETER SUMMARY SHEET - continued:

Run No Valve . K Dynamic Mean _Dy_namic Purreissure G Q
pe = ' Opening Pregsure Pressure Mean Pressure d ===
A \[2gh
t2~BE~4-20~14 20% 0,912 | 0,978 0.99 33.8 0,029 - _0.059
o =15 1. 157 1,155 0.530 38,2 0.014 0,058
-16 1. 357 1,354 0.370 42,2 0.009 0.058
- -17 | 1.763 | 1,758 | 0,300 48. 8 0,006 0,059
-18 _2.276_| 2,269 0.300 55,2 0.005 0,058
- -19 2.596 | 2,586 0,250 58,1 0.004 0.058
’_—3?_—:5:3‘5_:_1_ _____ 35% 719 | .709 1,32 20,50 0.064 0,115
-2 _ .883 . 872 1,18 26,15 0.043 0.114
-3 1.050 1.037 1,17 30,95 0.038 0,111
-4 1.235 | 1.220 1,17 36. 00 0.033 0.114
) . 1,402 1.385 0.80 38,80 0,021 0,115
o -6 1.569 1,548 0.66 41,90 0.061 0,115
) -7 1,762 | 1,741 0,651 45,00 0.011 0,115
o8 | | 1.894 |1,871 0. 50 a7.00 | o011} . o114°
. 2,101 | 2,074 | 0,47 49,30 | 0,010 0.115
=10 f 2,233 2,200 0.52 51,00 0,010 __ 0,114
-11 2.391 | 2,358 0.50 53.00 0.009 0,114 .
sy | 2.892 | 2,857 | 0.50 57.20 0,009 0.114 —
S 1 I O Y . . 1,13 e .. 0,008 ” 0.115
-14 446 440 1,34 5,50 0.244 {0,125
s\ jolsw | s wsr | e ) o.8%0 | 0.6



PARAMETER SUMMARY SHELET - continued:

Rin Mo Valve e K e e Dynamic Pressure |~ . Q

$ Pressure Pressure Mean Pressure =
Opening d A r2gh

——— e — - it

12-BF-6-50-1 |  50% .889 | 0,845 1,84 15,05 g2 0. 237
=g ,970_| 0,925 1,78 19, 50 .091 0.228

0
0
. 086 1.045 1,68 22,593 .075 _ 0.229
1
1

. 440 | 1,373 1,49 30,55 | .049 0,229
.675 | 1.599 1,364 34, 80 .039 _ 0.227
.986 | 1,985 1,144 39,20 .029 0.227
279 | 2,174 1,210 42,80 | .028 0.228

.099 | 5,810 1.2176 65. 10 .020 0
.179 | 3.032 .99 51,0 .019 0.229

' | 0

0

]
1
|
1
|
|
1
|
l | -
[ - I e T O e e i

- L1151 5,508
=14 .505 | 0,482 1.54 100.0 .015

12-3G-6-50-1 | 50% .821 | 0,782 1.81 15.05 . 120 0. 230

-2 .975 | 0.930 1,94 19. 50 .099 0.228

1 | 1.096 | 1.045 |  1.78 22, 90 .078 0.229
-__f]:_ B 1. 447 1,381 1. 45 éO‘._:l:bm_M "““'“""'*."048 o "_""_“6.2:)"8"_ -
-5 || 1684 1607 |  1.276 | 35.10 o036 I TR
6 | 1ese| 1,895 | 121 | 3900 | o031 1 0.228

v 2279 2075 | 1,10 43,10 ,026 0,226

=t | 6099|5810 704 | 65,10 | o1n | o 0. 230
CC9 o |.8.179 | 3,032 | . 924 51,70 . .018 e 9.228

_-wo) o Vo.s05 | o.a82 | 0. 230




Run No.

PARAMETER SUMMARY SHEET - continued:

Valve
Opening

Dynamic
Pressure

Mean
Pressure

Dynamic Pressure
Mean Pressure

o}

12-BH-6-50-1_| 50% 1,184 | 1,096 | 1,45 23,0 063 |
=2l 1,393 | 1,338 1.39 27,70 .050 )
=3 | 1587 | 1,477 1,16 30, 90 .038
. 2.101 | 1,957 | No T&pe Sheet —  +

T 2.546_| 2,367 1,078 43, 20 025
B N | _5.400_| 5.027 1,320 62.0 021
12-BH-9-50-7 | 696 | 0.648 1.94 11,50 | . 169 _
12-BF-9-70-1 50% 1.538 | 1.295 1,62 18,75 086 0. 460
-2 | | 1.944 | 1,635 1,78 25.0 .071 0. 456
o 2,738 | 2.311 1.68 32,05 .052 0. 449 '

-4 3.252 | 2,744 1.39 37,00 038 0. 449
- -5 3,783 | 3.179 1,166 | 40,8 029 0. 455
-8 4,409 | 3.712 1.188 44,70 027 0. 451 -
] -1 5,509 | 4,639 .99 51,00 .019 0. 450

=8 | | et | eoat2 | 704 58. 50 012 | To.ass
R 2,508 | 2,137 | S i T o435
12-BF-10-20-1} 20% _ | .275 ) .2744 _ 1,035 <L S LS L
) -2 | .457 | .456 1,086 14, 50 0175 0.053
_ -3 .598 | 596 1,202 21,20 | 057  o0.053.

-4 | Lron| Jv05 | 1,086 25.70 | o4z |77 TTo.osa

2936 |

1,069 |



PARAMETER SUMMARY SHEET - c¢ontinued:

Run No.

Valve
Opening

Dynamic
Presgsure

Mean
Pressure

Dynamic Pressure
Mean Pressure

1Z2-BI~-10-20-6

20%

-919

36,90

. 025

1. ;8
s 8 1,387 | 1,383 . 460 42,80 011 o 0.055_
- -8 1.660 | 1,656 . 400 817. 80 .005 0.054
. -9 1.985 | 1.979 | . 315 51,70 .007 0.054
. -10 2,208 | 2.200 . 350 54, 30 .006 0,054
. '} (N 2,422 | 2,413 ..350 56. 40 .006 _0.052
12-BF-11-50-7 | 50% 2.01 1,972 .836 50,7 .016 0,145
I -8 2.252 | 2.206 . 836 52. 4 .016 0,147 ’
-9 2.682 | 2.631 .836 56, 2 .015 0,148
-10 5.063 | 4.969 . 684 63,9 010 0.148
=1y 1,082 | 1.061 1.499 33.3 .045 0.147
) -12 | 1.287 | 1,262 1,432 38. 3 . 037 0,144
=13 1,607 | 1,576 1,144 43.8 .026 0.144
Ty ) L738 | 0,724 1.832 24,3 PO - . S, X | . A
.-y oo} .526 {0,515 |  © 1,765 |  15.8 2112 0.147
_-16 . 416 | 0,408 1,777 11,17 .152 0.145



Arpendix B

Plots

1)

2)

3)

4)

5)

Hydrophone Output vs K (20 and 50 percent
opening - air injection, waler bypass, and
orifice twenty four-inches upstream from
test valve).

Hydrophone Output vs K (20, 35, 50, and
70 percent opening).

Vertical Vibration vs K (20 and 50 percent
opening - air injection, wazer bypass, and
orifice twenty four-inches upstream from
test valve).

Vertical Vibration vs K (20, 35, 50 and
70 percent opening).

AH vs Q vs H_ vs cavitating or non-
cavitating conditfions.
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[Hydrophone Output vs K
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[Tydrophone Output vs K
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Hydrophone Output vs K

12" Williamette Ball w/24" Expansion
T.V.0, 20%

BW 10 - 200 KC

Sample Point

O Normal

[(Jwith 11" orifice 24" upstream

from valve
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Lrophone ( uipul
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Hydrophone Output vs K
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Hydrophone Output vs K

12" Williamette Ball w/24" Expansion

T.V.O. 50%
BW 10 - 200 KC

Sample Point
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1Tyds
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Hydrophone Ouput vs K

12" Williamette Ball w/24'" Ixpansion
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[lydrophone Output vs K
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25N

ITydrophone Output
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[Tydrophone Output vs K
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[Tydrophone Output vs K
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Hydrophone Output vs K
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Jiydraophone Ouiput
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IHydrophone Output vs K
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IIydrophone Qutput
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Hydrophone Output vs K
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Hydrophone Output vs K
12" Butterfly w/24" Expansion
12 " ' T.V.0. 50%
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Hydrophone Output vs K
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Appendix D Q vs AH Czlibration
(Volumetric Test Stand) )

Q vs AH Calibration
(In-situ calibration with twenty four-inch downstream
expansion)
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Appendix E Photographs
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Photograph 1. Nearby Horsetooth Reservoir provicdes water
supply to the Hydro-Machinery Laboratory
through a twenty six-inch supply line.

Photograph 2. Vertical and Horizontal Velocity Traverse
Ports were located downstream from
expansion (note pressure transducers in
bottom of pipe)..
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Photograph 3. View of accelerometier on downstiream
* flange and hydrophone in six-inch
transition section.
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Photograph 4. Potentiometer mounted on shaft of Butterily
Valve to indicate opening percentage (note
air injection stem).
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Photograph 5.

Slight amount of damage on
upstream side of Butter{ly
Valve leaf (noted on left
side only).
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Photograph 6.

Slight amount of damage on
downstiream side of metal
seal (noted on left side only).



Appendix F Transducer and Vibration Meter Information



Type

Flush mounting

Location

1553-A

TRANSDUCER AND VIBRATION

Number

LC-70

Model or
Type

APT-25-2C
APT25-2C
4-312-0001
4-312-0001
APT25-2C
4-312-0001
4-312-0001
APT25-2C
APT25-2C
4-312-0001

Acceleration Range

Hydrophone

Pressure Transducers

Pressure
Range

(psi)

0-200
0-200
0-150
0-150
0-200
0-150
0-150
0-200
0-200
0-150

Vibration Meter

0.3 to 300, 000 in/sec?

(peak to peak)

0.1 to 100, 000 in/sec?

(average)

METER INFORMATION

Serial

Number

317

Serial

.Number

32632
32634
26290
24834
32633
21329
21858
32636
32638
16878

Serial

Number

575

Manufacturer

Atlantic Research
Corporation
Alexandria, Va.

Manufacturer*

Abex
Abex
CEC

CEC

CEC
CEC
CEC
Abex
Abex
CEC

Manufacturer

General Radio Co.
West Concord,
Massachusetts

% Abex, American Brake Shoe, Dynisco Division, Cambridge, Massachusetts
CEC, Consolidated Electrodynamics Corp., Transducer Division, Manrovia,

California.
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