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RES UL TS 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 s tructures. The information 

needed for the proper design of the structures falls into three categories. 

Fir-st, information is needed on the head breaking capabilities of the 

valves (i.e., the rel ationship 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, vibrat5.on, and noise characteristics 

of the individual components and systems. 

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

(b) Assistant Professor, C ivil 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 area 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 

t he 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 

e nlargement .<c)The objectives were to det ermine operating conditions 

t hat may cause damaging cavitation, to investigate the ·effectiveness of 

I 
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. 



. ... 

. _·, " · .... ,. 

.. . ", . 

- 3 -

DESCRIPTION OF TES...., LAYOUT 

A twelve-inch Willamette Ball Valve and a twelve-inch Darling-

"'' i 1.1n Butterfly Va ve w .:re tested in the configurations illustrated in 

-Wi .u c 1 and Figure , .• r~_.- ! " ..: ti vely. One abrupt enlargement config-

1·c1-. ~o ···w as used for ·Lu · ·oil ·, l:! s. The enlargement consisted of a five-

g o ·t v, -,,nl ) :i',. ni• :in ri1~-1.,-c 'e with three quarter -inch end plates. 
. - .. ~ 

· A six- i nch long section of twe · e-inch p ipe was used as a short transition 

··: \'l '(! the downstream fla nge of the valve and the twenty four-inch 

n a r gement . Provi sion was made for the introduction of air in the 

s ides of the six-inch long transition section and :.n the shaft of the butter­

fly valve. A four-inch pipe was t apped into the line upstream from the 

a a nd used in some tests to bypass part of the flow into the enlarge-

w11f · .. T en pressure taps were located at strategic points in the vicinity 

. ·· of the va ve and enlargement. A hydrophone was mounted in the upper 

... •• • ..... ...... .>··. :. ~ 

r t of the six-inch transition to record pressure fluctuations. An 

rornc. e was placed on the downstream 'flange of the test valve to 

'... ,. \ . 
___ ,....,....-1-.::.-,~+-i,pr vertical~ -1 ;.• tal acceleration. Four sets of hori--=-

. ~.,\ ·\"~-~ -. ·-:--· -~_;, , :.· 

- ' i -,'ti'· , ,\-,: :: · t · · :il ~ 1 -.';~se ports were located downstream 

:from -~ e en ~1' ~----ment. 

Pr ·n·11=1.ry discharge measurements were made with an orifice 

l ocated appro- imately seventy-five feet up stream from the test valve. 

T ao r:li ti . n , each valve was calibrated in a volumetri c test stand at 

20, 35, ·o. and 70 perc ·,i.t 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

u ring orifice was calibrated in the volumetric test stand and also cali­

b rated in place by the "Dye Dilution Method", ('rn 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 primar y indica'.tion of the degree of cavitation was obtained 

•from the hydrophone . . Pressure transducers were used to record mean 

p ressures and pressure fluctuations. All data were recorde d on a tape 

recorder and selecte d data were placed on a Visicorder. Pressures, 

vibration, and hydr ophone output were also recorded _manually . Hydro­

phone, transducer and vibration m eter information are listed in 

Appendix F. 

TEST ING PROCEDURE 

All tests were made without pump s in order to minimize the 

p ossibility 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 was insured 

by the source of supply 'Horsetooth Reservoir" shown in Appendix E -

Photograph 1. 



I 

1-· 

I -

- 7 -

Each valve was tested at four different openings: 20, 35, 50 

and 70 percent of full rotation; Approxim ately fifteen runs were made 

at each opening to define the various sta ges of cavitation. All tests 

were recorded on a tape recorder for fur ther 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 measured at taps 

P 1 and P 1o, respectively, and corrected for line loss to the test valve 

flanges. The "sigma" values were used for comparatiye purpose with 

test results from recent studies for Bechtel Corporat~on. The ' 'K" 

term was used as the index of cavitation for plots in this report. Plots 

of ''K" · vs. hydrophone output (volts), ''K" vs. valve vibration, and a 
I 

composite plot of head loss across valve vs discharge for constant 

downstream head showing cavitating or non-cavitating condition are 

presented. 

The hydrophone output was recorded for three frequency band 

widths: 2-10 Kc, 4-10 kc , and 10-200 Kc. 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. 
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PARAMETER CALCULATIONS 

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

the various plots are discussed below: 

Discharge - expressed in cubic feet per second and measured 

with a 9-inch calibra~ed orifice in the 12-inch line 

Pressure - measured with pressure transducers and recorded 

in pounds per square inch; the subscripts, i.e., 

P 1 , P 2 ; etc., refer to the pressure tap locations 

illustrated in Figures 1 and 2. 

Vibration - 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 expressed 

in volts. 

Valve opening - amount of shaft rotation expressed as a per­

centage of full rotation. 

Sigma { er") = 
Hd - Hv 

Hu - Hd 
cavitation index, where Hd = downstream 

pressure (psi); Hv = vapor pressure of the water 

relative to atmospheric pressure (-psi); and 

Hu = upstream pressure {psi). Since the water 

temperature is relatively constant at the test site 

the sigma value was calculated by the : ~-, :,-wing 

equation: 
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K -- Hd - Hv · , cavitation index, where 

H = downstream pressure; . d 

H ·= vapor pressure, relative to the atmosphere 
V 

. (negative value ); 

H = total head upstream {pressure and velocity 
t · head). 

Dynamic pressure - the pressure fluctuation, in pounds per 

square inch (peak to peak), at pressure tap P 3, 

see Figures 1 & 2. 

Mean pressure - the average pressure, in pounds per square 

inch, at pressure tap P3. 

Coefficient of discharge, Cd = Q where Q is the 

AY 2g~H 

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

12-inch pipe(. 785 ft 2 ), g = 32. 2 ft/sec 2 , 

and L1H is head loss across valve in feet. 

·AH = difference in pressure head, expressed in feet of water, 

between 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 condit ions of no cavitation. 
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PLOTTir G PROCEDURES 

Hydrophone output (volts) vs. K i.s plotted for various com-

b inations of valve openings and flow condit ions. For comparative pur-

poses, the normal flow condition (without air injection, bypass, or 

orifice 24-inches upstream of the test valve ) is plotted· on the same 

s heet for each of the runs involving air injection, _ bypass or the upstream 

orifice. 

Both horizontal and vertical vibrat ion is recorded in the "data 

s ummary sheets '~ but due to similarity, only the vertical vibrations 

are plotted vs. K. 

The plot of AH vs. Q,with lines of constant Ha dividing the cavi­

t ating or non -cavita:ing conditions , was developed by superimposing 

lines of various l evels of Hd on the discharge vs . head loss curves for 

e ach valve . The Hd lines represent the imiting operating range for 

c avitating or non-cavitating conditions de_scribed by the incipient cavi ­

t ation index, Sigma. Since the incipient cavitation value, Sigma, was 

s elected for each valve opening from the test data, the corresponding 

b. H may be calculated for the range of downstream pressure heads 

* investigated: 

LH = Ha + 13 

Sigma 

* This ·c alculation involving selected downstream pressure heads is 
valid only if the system pressure head effect on the incipient cavitation 
index is non-exist ent . 
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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 

vaiues at the 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 

35 

50 

70 

2. 5 

2.2 

2.8 

6.0 

2.0 

1. 8 

2.0 

2.5 

Other important considerations, not illustrated on these operating 

criteria plots, are t h e concept of excessive port velocities and the con­

s ec;_uent erosive effects on certain type lining materials , excessive vi-

b r~tion, 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 and operating criteria plots. In certain cases 

the3e criteria may be more limiting than cavitat ion damage criteria . 

:, 
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The Q vs . .0.H calibration (volumetric test stand) plots relate 

the discharge to the change in pressure head (feet of water) between 

pressure tap locations P 1 and P 3 for both valves . The Q vs . ..6. H 

calibration (in-situ calibr"ation) relates the disch2..rge to the change in 

pressure head (feet of water) between pressure tE..p locations P 1 and P 3 

and also P 1 and P 10 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 o · water discharged 

through each valve are listed below : 

12-inch ball valve 

12-inch butterfly valve 

95 Hours 

110 Hours 

85 Acre feet 

90 Acre feet 

The c rit ical 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 

BLtterfly valve. The air injection rate was about one cubic foot per 

m :nute with a compressor pressure of 100 psi. This r ate was about 

t he s ame for all air injection runs for both valves' . . 

Water bypass and the orifice located 24 inches upstream from 

t he test valve had no appre ciable effect on critical sigma. 

T he pressure level effect and size scale effect were not invest ­

i gated in any phase of the testing on either the 12- inch Willamette or 

the 12- inch Butterfly Valves. Comparisons were made , however , with 

da: a from recent tests for Bechtel Corporation . 

Pressure L evel Effects : 

Due t o pump failure, an investigat ion into the effect of pressure 

le'\-el on the incipient cavitation index, for the two valves studied, was 

not possible. However, information on pressure scale effects was 
I 

obtained during test ing for the Be chtel Project . As a part of that 

P r::>ject, a considerable amount of testing was done on an eight-inch 

WLlamette Ball Valve, including tests at different heads . 

Figures 4 and 5 show the hydrophone output vs sigma curves at 

h eEd levels between 150 and 3 50 feet of water for the eight - inch Ball 

Va~ve at various valve rotations. On each figure the curve s for the 

h igher head are above the curves for the lower head tests, indicating 

a n increase in the pressure fluctuations with increased head . 
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This increase in output level could be due, at least in part, to the dis­

turbances generated by the pump impellers. 

An other valve tested for the Bech: el Project was a Roto Disc 

Valve, which is basically a rotating orifice having the shape of a ' 'Horn 

of P l enty"., Figure 6 shows sample resu:ts of tests made at two head 

l evels 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 effect . F or increased heads the incipient cavitation 

index increased. The existence or absence of a pressure scale effect 

i s apparently related to the geometry and hydraulic characteristic s of 

the individual valves . For a discussion of these factors the Bech-'-el 

r eport should be consulted. 

The conclusions regarding the valves test ed for this project are: 

(1 ) F or the Willamette Ball Valve the incipient cavitation index is inde­

p endent of the opera ing head, for heads between about 150 and 350 feet 

of water;. (2) There should be little or no pressure scale effect for the 

Butterfly Valve . 

Size Scale Effects: 

By com paring the incipient cavitation index for t he eight-inch 

a nd the 12-inch ball valves ,the s cale effect due to size can be deter ­

mined. Figure 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 va lue of sigma at 

inc ipiency. One factor which makes a direct comparison between the 

t wo sizes difficult is t hat the 12-inch Bar Valve was tested with a sudden 

expansion downstream, whereas , the 8- inch Ball Valve was tested with ­

out an expansion. 

CONCLUSIONS AND RE COMMENDAT IONS 

1. Air injection significantly reduces the value of the incipient 

c avitation index for both the butterfly and ball valves. 

2. Air injected on the right side of the ball v a lve ( looking 

downstream) i s most effective in reducing the cavitati on . 

F or the butterfly, equally good r esults are obtained by in ­

jecting air into the stem or _on either side of the valve . 

3 . Bypassing wate r from upstream of the valve increase s 

the audible noise level and p roduces no improvement in the 

incipient cavitation index . 

4. Installation of the 6 11 or 11" orifices 24 - inches upstream of 

the valves does not affect the cavitation characteristics of 

either valve . 

5. The incipient cavitat ion index for the ball valve is independ­

- -ent of the head; for the range of upstream heads investigated 

(150-3 50 feet of water). It is anticipated that the butterfly 

will likewise have no pressure scale effect. 
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6. The incipient cavitat ion index for ball valves increases 

with increased valve size , (no compariso:::1 was available 

for the butterfly). 

7. The values of the incipient cavitation index presen~e d i n 

this report correspond to conditions of light interrr~ittent 

cavitation (by ear ). 

8. It is recommended that an invest igation to find the value of 

the cavitation index corresponding to incipient damage b e 

undertaken. The r esults of t his study give information only 

- -on the intensity of cavitation . No investigation of c avitation 

damag.e was conducted. 

:;, 



Appendix A Data Summary She ets 

Parameter Summ ary Sheets 



E xample : 

RUN NUMBER CODING SYMBOLS 

Valve rotation of full 
/ (percentage ) 

Valve typ\ode 
12-WB-1 2-20 

/1 ~ 

open 

Si ze of valve (inches) Day of month Run number in a given 
s equence 

Valve type code 

WB 

WC 

BF 

BH 

BG 

Valve type 

Willamette Ball Valve 

Willamette Ball Valve with 4-inch 
by-;iass wide open. 

Dar l ing-P elton Butterfly Valve 

Darling-Pe ton Butterfly Valve 
with 4-inch by-pass wide open. 

Darling-Pelton Butterfly Valve -­
a ir injection in vented shaft. 



CHRONOLOGIC ORD ER OF TESTING FOR THE 

12" BALL VALVE (WILLAMETTE ) 

B-1 T esting Schedule 

12-WB-12-20-1 

12 - WB - 1 3 - 3 5- 1 

12 - WB- 13 - 5 0 - 1 

12-WB-14-70-1 

through 

II 

" 
II 

12 - WB - 1 2 - 2 0 - 2 0 

12-WB -13- 35-14 

12-WB-14-50- 16 

1 2 - WB- 1 5 - 7 0 - 16 

B-3 Testing Schedule (5 % of total d ischarge in by-pass) 

12-WB -20 ~20 -1 

12-WB-22 -20- 1 

through 

II 

12-WB- 21- 2 0-13 

12-WB-22-20-7 

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

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

_J • ... 

B-4 Te sting Schedule (11-inch orifice 24-inches upstream from 12-inch Ball Valve ) 

12 - WB- 2 7 - 2 0 - 1 

12-WB-28-50-1 

through 

II 

12 - WB- 2 8 - 2 0 - 1 7 

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- SL 

12-WB -13-20-1 

12 - WB- 13- 5 0-1 

through 

II 

II 

12-WB-28- 50-8L 

12-WB-13- 20 - 5 

12 - WB-13 - 5 0 - 5 



CHRONOLOGIC ORDER OF TESTING FOR THE 

12 11 BUTTERF LY VALVE (DAR.LING 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-:i3G-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 thr ough 12-BF- 6- 3 5-1 5 

B-1 & B-2 Testing Schedule (no air injection or air injection in right or left 
side of 6-inch trar_s ition 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-9-7 0-9 



(Testing for 12" Butterfly Valve cont'd) 

B-4 Testing Schedule 

12-BF-10- 20-1 

12-BF-11-50-7 

through 

II 

12-BF-10-20-11 

12-BF -11-50-16 



DATA SUMMARY SHF:F.T I' 

' 
Discharge Pressure {pounds per square inch) Vert. Horiz. Hydrophone {volts) 

. Run No. (cfs) Vib. Vib . 
P1 P2 P3 P4 P5 p6 P 7 p8 Pg P10 {IPS) {IPS) 10-200 Kc 4-1 0 Kc 2-10 Kc 

12 - WB-12-20-1 7. 10 79.0 78. 9 44 . 8 44. 0 46. 6 46.9 46 .0 4 6. 2 4 5. 9 46.0 25,000 28,000 4.80 2. 60 4.20 
-2 6. 44 79 . 8 79.6 49.7 48. 8 51. 3 51. 7 50. 8 50 . 8 50. 6 50.8 24,000 19, 50 0 2. 60 1. 88 3.00 
-3 6.24 80 . 1 80.0 52. 3 51. 7 53. 7 ~4. l 5~ . 2 5~.4 53 . 2 53 . 3 22 ,000 20,500 1. 72 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 . 5.7 8 80 . 9 80.6 56. 3 55, 5 57, 6 58 .0 57 . 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. 05 
-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 6,00 0 0. 36 0, 4 6 0,62 
-8 5. 32 81. 3 81. 7 61. 7 61. 2 62 . 5 63. 1 62 . 6 62. 6 62. 5 62 , 1 7, 000 7, 500 o. 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. 25 5 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. 2.1 
-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 o. 10 o. 10 
-12 5. 56 81. 0 80. 9 59 .0 58 . 8 60.7 60.6 60.4 60. 2 !19. 8 fi O. 4 11, 000 3,000 0. 40 0.60 0. 78 
-1 3 7. 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 
-1 4 7. 69 77 . 6 77 .7 35 .0 34.0 37.9 38 . 5 37. 4 37 . 2 36 . 9 37. 5 30,000 30,000 7. 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 30,000 30,000 9. 40 4 .3 2 6.60 
-16 8.86 74.8 75.0 17.8 15 . 3 20 . 9 20. 9 20. 1 20 . 2 20 . 1 20 . 2 30,000 30,000 8. 12 5. 48 8. 20 
-17 9. 20 74 . 4 74.3 9.8 8.4 14. 2 14.8 13.7 13. 9 13.7 13. 9 30, 00 0 30,000 8.00 7.80 11. 12 
-18 9.06 74.8 74 . 8 

' 
14 . 9 11. 8 17.8 17. 5 16 . 8 17.0 16 . 6 17.0 30,000 30,000 8. 12 6. 52 9.28 

-1 9 9. 36 74.0 73. 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 73.6 73.8 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 

1 2 - WB - 1 3 - 3 5 - 1 13 .3 0 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 3. 12 4.8 
-2 12. 81 65.3 65 , 7 32 . 8 29 , 3 33 . 8 34 . 5 31. 8 32 . 2 32 .0 32 .0 30,000 20,000 4 . 52 2.76 4.28 
- 3 14.02 61. 4 61. 7 23.6 18 . 6 24. 8 25.0 21. 8 21. 9 21. 5 21. 5 30,000 35, 000 7 . 8 3. 68 5. 52 
-4 14.7 9 58 . 9 59 . 3 17. 6 11. 4 18, 8 18.4 15.0 15 . 2 15 . 1 15.0 45 , 000 60 ,000 7.72 5. 28 7.44 
- 5 12. 12 67. 1 67. 4 39 . 0 33.8 39.0 39 . 5 37 . 3 37 . 3 37. 1 37. 2 20,000 24, 000 2.8 2. 24 3.48 
-6 11.81 · 68 .2 68 .6 4 1. 9 37. 1 4 1. 8 42 , 3 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 . 4 42 . 6 42 . 3 42 . 5 16 ,0 00 16,000 1. 40 1. 40 2.01 



DATA SUMMARY SHEET 

Discharge Pressure (pounds per square inch) Vert. Horiz. Hydrophone (volts) 
Run No. (cfs) 

Vib. Vib. 
pl P2 P3 P4 P5 p6 P7 p8 Pg plO (IPS) (IPS) 10-200 Kc 4-10 Kc 2-10 Kc 

: 2- \\·B -13-3 5-8 10.70 71. 1 71. 8 49 . 3 45 .0 49 . 1 49 . 6 47.9 47. 8 47.6 47 .7 12, 000 10,000 0,64 0.688 1. 08 
-9 10.49 71. 6 72.2 50. 7 46. 3 50.3 50.9 49.2 49 . 2 49 .0 49 . 3 8, 000 8, 000 0. 528 0.608 0.908 
-10 10.25 72 . 3 72.8 52 . 6 48 . 5 52 . 1 52.8 51 . 1 51. 2 50 ,8 51. 2 5, 500 5, 500 0, 392 0, 46 0 0,68 
-11 9.94 73.2 73.5 54 . 3 51. 3 53.6 54 . 6 53. 1 53 . 4 53.3 53. 1 5, 000 4; 500 o. 32 0.38 o. 56 
-12 8.82 7 5 .. 7 76.C 60. 9 58. 1 60.2 61. 4 60. 2 60 . 3 59.6 59 .9 650 600 o. 14 o. 125 0.21 
-13 9.31 73.0 73.3 53. 9 50 . 5 53 . 4 54.8 53. 2 53. 5 52. 5 53. 1 4,500 5,000 o. 30 o: 340 o. 540 
-14 8,82 74.4 74.6 56.4 54 . 4 56.6 57.7 56.4 56.4 56.3 56.3 3, 500 4,000 o. 256 o. 220 0. 332 

:2-V."B -13-50-1 15. 999 52.4 52.4 33.4 27.3 33.6 33 .6 29.9 30.2 29.4 29.7 14,000 20,000 2. 56 1. 80 3.04 
-2 15.281 55.2 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 
-3 14.819 56 .6 56 . 5 39 .6 34 . 4 39.6 40.0 36.6 36.7 36.6 36.4 13,000 16,000 1. 12 1. 00 2.00 
- 4 14. 563 57.0 57.0 39 . 3 35.4 40.0 40.4 36 . 8 37 . 3 37 . 4 36 . 8 13,000 9, 000 1. 12 0. 98 0 1. 92 
-5 14.214 58.5 58. 5 42.0 37 .7 41. 9 42 .6 39 . 2 39. 5 39.8 39 .3 9,000 11, 000 0.860 0.820 1. 64 
-6 13.599 60.1 60. 1 14.8 40. 8 44 .8 45 .2 42 .0 42 . 4 42.6 42.1 9, 000 11, 000 0.628 0.62 1. 36 
-7 12.666 62.4 62 . 4 48.4 45 . 3 48 . 8 49.2 46.4 46 . 8 45 . 9 46 .2 6, 500 8,000 0. 40 0.492 0. 948 
-8 12.235 63.8 63 . 8 50. 6 47.7 51. 0 51. 4 48 . 8 48.8 48.0 48 .6 5,000 6, 000 0. 380 0. 388 0.7 80 
-9 11.855 65.2 65 .2 53. 3 50 . 3 52. 1 53. 2 50 . 8 50 . 9 51. 7 50.6 5, 500 6, 000 0.296 0.304 0.64 
-10 10.871 68.0 68.0 57. 3 55.0 57.7 58.0 55 . 9 56. 1 55.6 55.7 1, 800 2,000 0. 128 0. 176 0.3 40 
-11 10.307 69.8 69.8 60. 3 58 . 1 60.4 60. 9 58. 8 59.3 59.7 58.8 400 500 0.072 o. 104 0.260 
-12 9. 845 71. 4 71. 4 62. 5 60 .7 62.6 63.2 61. 4 61. '3 62.2 61. 4 300 400 0.060 0.08 0. 20 
-13 8.912 73.6 73.6 66. 2 64. 7 66.3 66 .8 65 . 4 65 . 8 66.6 65.4 80 50 0.064 0.052 0. 136 
-1 4 8.348 75.6 75.6 69 .7 68. 2 69 . 1 69 .7 68. 6 68 . 4 69. 2 68.4 60 50 0.096 0.044 0.096 
-15 11. 332 66 .2 66.2 54 .7 52.6 54.8 55 . 2 53 . 0 53.4 52.7 53.0 4,000 5, 000 0.216 o. 240 o. 50 

~2 - '.VB-14-50-16 12. 59 22 .8 22.4 l l. 2 4.8 10.9 10.7 8.6 9. 1 8.9 8.9 9,000 12, 000 -- -- - -

~ ·> 'NB-14- 70-1 18.02 46.7 46.3 40.4 33.9 39. o ~o. 4 35 .4 35. 7 35. 8 35.4 12,000 9,000 0.78 0.90 1. 6 
-2 17.6 9 48 .2 17.8 12.0 35.7 10.6 1.9 37 . 2 37.8 38 .0 37.3 12, 000 10,000 o. 67 0.80 1. 45 



DATA SUMMARY SHEET 

, 

Discharge Pressure (pounds per square inch) Vert. Horiz. Hydrophone (volts) 
Run No. Vib. Vib. 

(cfs ) pl p2 P3 P4 P5 p6 P7 PS Pg plO (IPS) (IPS) 10-200 Kc 4-10 Kc 2-10 Kc 
-

12 -WB-14-70-3 . 17. 28 49.7 49 . 4 43.6 37. 8 42 . 6 43 .8 39 . 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 4 5.9 47. 1 43. 3 43 . 4 43 . 1 43 . 2 6,500 7, 500 0.30 0. 40 0.62 
-5 16. 11 54 . 3 51.1 19. 3 45 . 1 48 .0 49 . 1 45 .7 45. 7 45 . 3 45 . 3 8, 500 7,000 

I 
0 . 18 0. 22 0. 50 

-G 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. 5 53. 3 53 . 4 53.0 53. 1 2, 000 2, 100 0.07 0.10 0.14 
-8 13.92 62 . 3 62.2 58.4 57. 5 57 . 4 58 .7 55.8 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. 2 58 . 3 58 . 9 58 . 4 58.6 55 45 0.024 0,0 22 0.043 
-10 16.42 53,2 53 .0 47. 6 46.3 46. 1 47. 4 43 . 5 44 . 1 43 . 2 43.5 5,000 4,500 0.42 0.52 0.80 
-11 16. 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 54.5 49 . 6 48 . 3 47.9 48 .7 45.7 45. 5 45 . 1 45.2 4,500 5,000 0. 24 0.3 5 0.60 
-13 15.72 56.6 56.4 51. 4 50. 1 50.0 51. 1 47.7 47.7 47. 5 47.7 4,700 ~. 500 0. 16 0,25 0.37 
-14 15. 11 58.4 58. 5 54. 3 52.8 52 . 6 53.5 50 . 6 50. 5 50.3 50.4 2,000 1, 800 0.075 0. 12 0. 17 
-15 17. 55 48 .6 48 .7 42. 5 40.6 41. 1 42.5 37. 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 .0 38 . 9 39. 6 39.4 39.0 7,000 6, 500 0. 52 0.67 1. 20 

_ 2 - \\'B- 21 - 2 0-1 9.845 74.8 74.7 7. 6 10.8 11. 8 12.7 10.9 10. 6 10.8 10.6 50,000 60, 000 8.20 7.80 10.80 
-2 9.486 75.2 7 5. 1 11. 8 14.8 15. 7 15.9 14 . 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 .0 21. 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 4 0,000 - 9.72 4.60 6.96 
-5 8.707 77.0 76.4 28.3 30.4 30.9 31. 6 30. 3 30. 3 30. 2 30.4 39,000 28, 000 9.36 4.24 6.40 
-6 8.307 77.8 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 .0 44 .8 44 .7 44 . 7 45 . 1 34,000 16,000 3.96 2.80 4.40 
-8 7.086 79.7 79. 1 47. 9 49 . 3 49 . 9 50 . 0 49 . 2 49 . 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 . G 53 .7 52 . 9 52.9 53.0 53.2 30,000 20,000 1. 33 1. 53 2.35 
-10 5.610 82.6 82.6 62 . 4 63. 2 63.2 63 . G 62 . 9 63 . 2 62.7 63.3 5,000 4,000 o. 18 0.43 o. 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 83.8 84 .2 70. 5 70.9 70 . 8 71. 1 71. 0 71. 1 70. 5 71. 1 240 150 0.088 0.06 0,07 



DATA SUMMARY SHEET 

Discharge Pressure (pounds per square inch) Vert. Horiz. Hydrophone (volts) 
Run No . (cfs ) pl p2 P3 P4 p6 P7 p8 Pg plO 

Vib. Vib. 
P5 (IPS) (IPS) 10-200 Kc 4-10 Kc 2-10 Kc 

-- --- -- --- . ---- --- ---- ----- .. -- ·-- ----
: 2- \ VB - 21- 2 0-13 3,67 1 84.8 84. 9 75. 3 75.4 7 5. 7 76.0 75.6 75. 7 75. 9 75.8 50 70 0. 025 0.01 0. 022 · 

: :2 - \ VB- 2 2 - 2 0-1 6,58 80.7 81. 0 53,8 54. 8 55. 6 55.5 54. 6 54. 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 ,00 0 8, 000 0. 62 0.95 L 25 
-3 . 6.32 82. 1 81. 7 56 .0 57 . 3 57 . 4 57.6 57. 2 57. 3 56.4 57.2 13, 130 6,000 0. 75 0.95 1. 53 
- 4 5. 78 82.8 82. 1 60.7 61. 6 Gl. 8 62 . 2 61. 6 61. 7 61. 0 61. 8 7,500 6, 000 0. 34 0:57 0.80 
-5 9. 11 .7 6. 8 76.4 20.0 21. 3 22 . 9 22.9 21.·o 22 . 2 21. 7 22.0 45 , 000 12, 000 9. 04 5. 32 7.84 
-6 9. 53 75.8 75.2 11. 8 14. 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. 2 75.0 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 

U-\\'C-21-20-1 6.061 82.3 82.4 70. 4 70.2 70.8 71. 2 70.4 70. 2 70.5 70.7 200 180 0.04 0.035 0.055 
-2 9.0G6 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 .7 89 83. 5 83 . 7 76. 3 76. 3 76. 5 76.8 76. 5 76. 2 7G.7 7G . 6 70 40 0.015 0.005 0.005 

~ 2-WC -22- 20 - 4 6. 707 80.3 80.5 65.6 65 . 9 66.4 66.4 65. 5 65 . 3 G6.2 66.0 2, 000 1,000 o. 12 o. 11 o. 12 
-5 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 o. 16 
-6 6. 24 82 .7 82 . 1 G9. G G !=! . 6 69.9 70. 1 69. 9 69. 7 69 . 8 70.0 220 200 0.08 0.049 0,052 
-7 11. 23 72.9 72. 4 31. 8 32 . 1 33 . 4 33.4 31. 9 32 . 0 31. 6 31. 8 39,000 26, 000 7.64 3.48 5.36 
-·s 10.70 74. 5 73.8 37. 6 37. 6 38 . 6 38 .8 37. 4 37. 5 37 . 1 37.3 30,000 20, 000 5.48 3.00 4. 80 
- 9 10.25 75.8 7 5. 1 42 . 3 42.4 43 . 4 43 .3 42. 1 42. 3 41. 8 41. 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 
-11 8.66 77. 9 77. 4 53 . 4 54 . 4 5,1. 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. 6 59.8 G0 . 3 59 . 2 59.4 59.2 59.3 6, 000 5,000 0 . 30 0.45 0.63 
-1 3 7.28 80 . 3 79 . 9 63 . 1 63.9 63.7 64 . 3 63. 2 63. 5 63.2 63 . 4 2,000 1, 700 0. 17 0.21 o. 26 
-14 12.06 70. 1 69.6 22 .7 24 . 0 24.9 25. 2 ": '. 2. 6 23. 1 23.3 22 . 8 36,000 35,000 8.60 4.08 6.20 
-15 12.25 68. 8 68 . 6 16. 6 18. 6 19 . 4 19 . 8 l 7. 2 17.7 17.7 17.2 50,000 26,000 7. 48 4.80 7.08 

~ 2-WB-27-20-1 8.40 78.7 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,Q 14.4 14.'1 14 . 1 60,000 45 , ooo I 7. 72 7.GO 10. 80 



DATA SUMMARY SHEET 

Discharge · Pressure (pounds per square inch) Vert. Horiz. Hydrophone ( volts) 
Run No. Vib . Vib. 

(cfs ) pl p2 P3 P4 Pr. p6 P7 PB Pg plO (IPS) (IPS ) 10-200 Kc 4-10 Kc 2-10 Kc 
0 

12-\VB-27-20-3 8.96 77.4 77. 4 19. 0 21. 6 22.8 22.9 21. 5 22·. 2 21. 4 20.7 45,000 30,000 8. 60 5. 32 8.00 
-4 8.7 4 78.8 78.8 22. 8 25. 6 26.4 27 . 4 26 . 3 26 . 0 26 .0 25 .8 50,000 30,000 - - 4.72 7 .. 08 
-5 8. 29 79.0 77.5 27. 2 29 . 2 30.0 30. 5 29 . 2 29 . 8 29 . 8 29 . 4 45,000 28,000 9. 52 4. 16 6.28 
-6 8.03 81. 2 79.0 35 . 2 37. 5 37.7 38 . 2 37 . 7 37. 6 37.8 37.2 40,000 65,000 7. 68 3. 64 5. 48 
-7 . 7. 4 1 80.4 80.4 41. 9 4 3.7 44.2 44 . 3 42.9 f1 3. 5 143 . 7 43.0 35 , 000 22,000 5.00 3.04 4. 64 
-8 6. 94 82 . 6 81. 6 48 . 2 50 .0 50.0 50 .6 49.7 50. 2 50 . 2 49.6 26 ,000 14,000 2. 80 2." 16 3. 36 
-9 6. 53 82.6 80 . 9 52 . 2 53 . 1 53 . 5 54 .0 52 . 7 53.7 53.6 53 . 4 24,0 00 1-2, 000 1. 80 1. 56 2. 52 

1 2- \ VB- 2 8- 2 0-10 7.42 81. 2 81. 2 42 . 4 43 . 8 44 . 5 44 . 8 43. 2 43. 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. 8 47.5 47.7 46. 5 46.8 47.2 46 . 7 35 ,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. 9 81. 4 48.8 50 . 2 50.3 50. 7 50 .0 50. 0 50 .6 50 . 1 28,000 20,000 2. 72 2.20 3. 32 
-14 5.48 84 . 0 83.5 62. 0 63 . 2 63 . 2 63 . 8 63 . 0 6 3.0 63 .7 63 .2 8, 500 8,000 0. 23 0.43 o. 54 
-15 4 . 92 84 . 5 84.3 67. 2 68.0 68 .0 68 . 3 G7 .7 68. 2 68. 3 67.9 2,000 1, 600 0. l'.i5 o. 145 0. 18 
-16 4 . 54 85 .0 84.8 70. 0 70 .7 70.7 71. 0 70.6 71. 1 71. 0 70.9 500 450 o. 085 0.06 0.07 
-17 4.2 4 85 . 3 85.3 72. 2 72 . 8 72.8 73.0 72.6 73. 1 72 . 9 72.9 200 180 0.06 0.03 0.0 45 

1 2 - \ VB - 2 8 - 5 0 - 1 9.89 75.3 74.7 67. 8 67 .8 68 . 1 68.3 67.0 66. 9 66 . 4 66.9 85 40 0.046 0. 069 o. 173 
- ·2 12. 12 69.5 68.9 58. 2 58. _4 58 .3 58 . 4 56.4 56 .7 56 . 4 56.2 4 ,000 2, 000 0. 156 0. 208 0.42 
-3 11. 54 71. 6 70.8 61. 1 60 .7 60 .7 61. 5 59 . 3 59 .7 60 . 2 59 . 3 1, 800 1, 000 o. 112 o. 148 0.304 
-4 10.72 74 . 0 73.1 64 . 6 64.4 64 . 1 64.8 62.9 63. 2 63 .7 62 . 9 450 400 - 0. 052 o. 096 0. 224 
-5 13.90 64.4 62 . 8 48. 5 48.4 48.7 49. 1 46. 2 46. 6 46. 3 46. 1 8, 500 8,000 0.420 o. 50 1.0 
-6 12 . 86 67.5 66.6 54. 6 54 . 2 54.5 54 . 8 52 . 2 53. 1 53. 1 52 . 4 6, 000 4,000 o. 252 o. 288 0.60 
-7 15.48 58 . 4 57.4 40 . 4 40.0 40.0 40 . 8 37 . 1 37. 5 37 . 9 37. 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-\VB-28-50- 5L 13.90 64 . 4 63.0 48 . 9 48 .6 n8 . 6 49 . 2 f-1 6 . 2 46 . 6 46 . 3 46.1 - - - - 0 . 500 0.480 o. 96 
-5R 13.90 63 . 9 63.0 48 . 9 48 .7 48.5 49 .2 f16 . 2 f16.4 46. 2 46 . 1 - - - - 0. 400 0.420 0.84 
-6R 12.86 67 . 5 66 . 7 54 . 6 54 . 2 54 . 0 54 . 9 52 . 2 52 . 9 53 . 1 52.4 - - - - 0. 368 0. 260 0. 56 



1· • . 

DATA SUMMARY SHEET 

--- - -

Discharge Pressure (pounds per square inch) Vert. Horiz . Hydt'ophone (vulls) 
Run No. (cfs) pl p2 p P4 p5 p6 P7 PS Pg plO 

Vib. Vib. 
3 (IPS ) (IPS ) 10-200 Kc 4-10 Kc 2-10 Kc 

-
12 - WB - 2 8 - 5 0 - 6 L 12. 86 67.5 66,7 54, 6 54 , 2 54.4 55, 0 52, 2 53,0 53. 1 53,4 .. a -' 0. 384 0, 298 0 ,. BO 

-7L 15.48 58 . 4 57 . 4 40. 4 40 .0 14 0 . O 40 . 6 37 . 1 37.4 37.9 37.1 - - - - 1. 20 0.972 1. 92 
-7 R 15.48 58 . 4 57. 4 40.4 40.0 140 . O 40.8 37 . 1 37.4 37 . 9 37. 1 - - - - 1. 00 0.848 1. 52 
- RR 16.55 54 .2 53 . 2 33. 5 33 .0 32.9 33.7 29 . 8 30 .0 29.8 29 .7 - - - - 2. 32 1. 50 2.00 
- SL 16. 55 54 .2 53 . 1 33. 3 33 ,0 33 .0 33 .7 29 . 8 30 . 0 79.7 29 .6 - - - - 2. 64 1. 72 2. 9 b 

1 2 - \VB - 1 3 - 2 0 - 1 6.96 83 . 8 84.0 51. 0 52 . 2 53 . 3 52 . 8 52 . 2 52. 1 51. 9 52 .0 30,000 2 5, 000 1. 93 2.08 3.07 
Air Right -1 6,96 83.7 83 . 9 51. 0 52. 3 53 .0 53.0 52 . 3 52 . 2 52 .0 52 .3 12,000 12,000 0. 3 0.54 0.86 
Air Left -1 6. 96 83 .6 84 . 0 51. 0 52.2 52 . 8 53 .0 52. 3 52 . 1 52 .0 52.2 35 ,000 25, 000 1. 28 2. 0 2. 82 

-2 6.02 85 . 1 85 . 6 61 . 0 61. 3 62 . 6 62 . 3 61. 8 61. 7 61. 8 61. 8 18, 000 12,000 0. 47 o. 65 o. 98 
_r\ir Right -2 6.02 85.2 85 . 5 61. 1 61. 5 62. 2 62 . 4 61. 7 61. 5 61. 9 61. 8 7,000 5, 500 o. 184 0. 20 0.31 
Air Left - 2 6.02 85.2 85 . 6 61. 1 61. 6 62. 1 62 . 4 61. 9 61. 7 61. 9 61. 7 7,500 8,000 o. 38 0.68 1.0 

- 3 5. 11 86 . 4 86 . 7 68. 8 69. 1 70 . 0 69 . 9 69. 7 69 . 5 69 . 6 69. 5 1,400 1, 600 o. 15 o. 14 o. 18 
Air Right - 3 5. 11 86 . 4 86 .7 68 . 7 69.4 69 .7 70.U o9 . G 69 . 4 69 . 5 G9 . 3 1, 800 1, 400 o. 155 o. 107 0. 1,12 
Ai r Left - 3 5. 11 86. 5 85 . 1 67. 9 67 .7 68 . 4 6 8. 6 68. 2 68. 3 68.2 67.9 1, GOO 1, 600 o. 17 o. 162 o. 19 

- 4 8 . 51 78.4 78.7 27 . 8 30. 1 31. O 31. 4 30. 2 30 . 1 30 .0 30. 1 40,000 3 5, 000 8. 52 3.80 5. GO 
.Afr Right -4 8. 51 78.7 78.6 28. 1 30 . 5 31. 2 31. 5 30. 3 3 0. ?. 28. 8 30. 2 12,000 18, 000 0.68 1. 12 1. 80 
Air Left -4 8. 51 78.3 78.8 28. 0 30 . 3 31. 4 32.2 31. 2 31. 4 31. 3 31. 0 35,000 35,0QO 5. 30 3. 60 5. 16 

-5 9. 66 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 
Air Right -5 9. 66 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 
Air Left -5 9. 66 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 

12-\VB-13-50-1 15. 26 61. 5 61. 6 45. 7 43. 8 43.9 45.2 42 .0 42.0 41. 8 41. 2 11,000 18, 000 0. 83 0 0.780 1. 52 
-1 15. 26 61. 6 61. 8 45. 2 43 . 8 43 . 9 45 . 1 41. 5 42 . 0 41. 9 41. 6 15,000 18, 000 -- - - --

A.ir Left -1 15. 26 61. 6 61. 8 45.4 43 . 9 43. 9 45 ,2 11. 7 42 .0 41. 9 41. 4 10,000 13,000 0. 828 0.76 1. 48 
-2 16.82 55.3 55 . 4 35 .0 34. 1 34 .2 135. 8 31. 2 31. 7 31. 8 31. 1 14,000 16,000 2.48 1. 7 2 2, 84 

Ai r Right -2 · 15. 62 54 . 2 51 . 3 33 . 9 33 .8 33 . 9 34 . !J 30 . 7 31. 0 30. 9 30.6 15,000 12,000 1. 72 1. 32 2.04 
Ai r Left -2 16. 50 53 . 9 54.3 34. 1 33.7 33.8 34 .9 30. 6 31. O 30.7 30.6 15, 000 17,000 1- 2. 32 1 . 52 2. G8 



DATA SUMMARY SHEET 

Pressure (pounds per square inch) Vert. 'Horiz . I 
Hydrophone (volts) Discharge 

Run No. - Vib. Vib. 
(cfs) p ' P P3 P4 p5 p6 p7 PB Pg plO 1 2 (IPS ) (IPS) 10-200Kc 4-10 Kc 2-10 Kc 

12- \VB -13-50-3 13.95 64.3 64.8 49 . 6 49 . 8 49.7 50.4 47.9 48 .0 47. 9 47.8 6, 500 8, 500 0. 38 0.48 0.88 
_.\ir Ri.ght -3 13. 95 64 . 4 64 .7 49.7 50. 2 50.6 51. 9 49 . 1 49 .7 49 .6 48 . 9 7, 200 9, 000 0. 352 0.40 0.700 
_-\ i. r Left -3 13.95 64 .3 64 . 6 50. 1 49 . 9 49 .7 50.8 47.9 48 . 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, 50 0 6, 50 0 0.20 0. 24 0.60 
_\i.r Right -4 12.78 70. 1 70 . 5 57 . 9 57 . 8 57 . 4 58 . 8 56 . 4 56 . 6 56 . 4 56 .2 3, 50 0 6, 500 0. :H4 o. 216 0. 44 
_\ir 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 o. 248 0.60 

-5 12.06 72.0 72.2 59. 9 60. 5 60 . 5 61. 6 59 . 5 59.7 59.4 59.2 1,700 1, 500 0. 112 o. 172 o. 336 
:\ i r Right -5 12.06 72. 1 72. 4 61. 2 60 .8 GO . 5 61. 7 59 .6 59 .7 59.4 59.2 1, 600 1, 500 0. 324 o. 180 0.328 
:\i r Left - 5 12.06 72 .0 72 . 4 61. 2 60 . 8 60 . 4 61. 8 59 . 3 59 .6 59 . 4 59 .2 1,600 1, 50 0 o. 292 0. 184 0.3 56 

~2-BH-29-20-1 9. 02 78.4 78.0 9 1· • :J 10.0 10. 4 10.8 9.7 9. 2 9.4 9. 6 30,000 22,000 1. 64 I 3. 16 4.80 
-2 9.02 78.4 78 .0 10. 0 12 . 8 13.5 14.4 13.0 13 . 1 13.4 12.8 27, 000 20,000 1. 76 3.52 5. 48 
-3 8. 08 78 .7 78.0 16.7 t2 0. 3 20 . 0 20.5 18 . 7 19.3 19.3 19 .0 25,000 27 ,000 4. 80 3.70 5.48 
- 4 7. 22 80 .0 80.0 29.4 ~1. 8 31. 8 32 . 2 30 . 9 31. 4 31. 4 31. 2 13 , 000 13, 000 1.10 2. 50 3. 52 -

12-BH- 30-2 0- 5 8.45 179. 7 80.2 16. 8 ~0 .6 20.6 20 . 9 19. 3 19. 2 19.3 19. 5 26,000 27,000 4.88 3.76 5. 60 . 
-6 7. 64 82.0 82.4 34 . 5 36.8 37 . 3 37 .. 7 36.4 36 . 4 36 . 5 36 . 4 11, 000 12, 000 3. 72 1. 94 2.76 
-7 7. 14 82 . 4 83 . 2 41. 3 kl3 . 8 43 . 4 44 . 4 42 .8 42 . 8 43 . 2 43 .2 12, 000 12, 000 2. 88 1. 80 2. 50 

·-8 6. 61 82. 5 82. 5 46 .8 f49. 2 49 .4 49 .4 48 .8 49 . 2 48 .9 48.6 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 . 8 53 . 2 52 .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 57.0 57 . 3 57. 2 57. 1 180 220 < 0.069 0.026 0.0 35 
-11 5. 58 84 . 6 85 . 2 58.7 00. 1 60 . 1 60 .7 60 . 0 GO . 2 60. 1 60.0 160 240 0.028 0.017 0.025 

12- BG-29-20-1 4 . 90 84. ,8 84 .4 -3 .2 2. 3 2.6 2.8 2. 8 2. 6 2.7 2 .. 6 8,000 9,000 0.780 
I 

0.392 0.60 
-2 4 .86 84 . 5 84 . 3 -1. 6 2. 8 3.0 4 .0 3. 7 3. 7 4.3 3.7 10,000 8, 000 0.72 0.3 92 o. 540 
-3 4.82 84 . 4 84 .2 +0. 8 5. 6 5. 8 5.9 5.4 5.9 6.0 5.9 6,000 6, 500 o. 588 0. 328 0.48 
- 4 4 . 68 84 .2 84.2 6. 0 10.8 10. 9 11. 1 10.3 11. 1 11. 1 11. 2 6, 500 7,000 0. 404 0. 2118 0. 4,10 

12-BG-3 0-20- 5 4.82 85 . 3 85 . 9 o. 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 1. 62 85.4 86.0 8. 3 12 . 6 13. 2 13.9 13. 2 13. 2 13. 2 13.4 9,000 8,000 o. 360 o. 230 0. 1196 



' 
DATA SUMMARY SHEET 

.. -

Discharge · Pressure (pounds per square i nch) Vert. Horiz . Hydrophone (volts) 
Run No. Vib. Vib. (cfs ) pl p2 P3 p4 p5 PG p 7 PS Pg plO (IPS ) (IPS ) 10-200 Kc 4- 10 Kc 2-10 Kc 

12-BG-30-20-7 4 . 52 85.5 86.2 12 . 7 16.4 17.2 17 . 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 . 1 17 . 3 21. 5 21. 7 21. 8 21. 6 22. 1 21. 7 21. 7 5,500 7,000 o. 324 0. 264 o.-860 
-9 4 . 27 85 . 3 85 .1 20. 9 24 . 8 25 .0 25.3 25 .2 25. 5 25 . 4 25 .2 6, 500 7,0 00 0, 312 0. 280 0.880 , 
- 10 4 . 14 85 . 8 86 . 5 25 . 3 28. '1 29 .0 29.8 29. 1 29 .7 29 .7 29 . 4 5, 50 0 7, 500 0.3 20 o. 332 o. 900 

12-BG-4 -20 -11 4.48 85.8 85 . 4 14 . 3 18.2 18.0 18 . 9 18 . 4 18. 8 19.0 18 .6 5, 000 7,000 o. 34 0 o. 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 86.0 29 . 2 32 . 3 32 . 3 32 . 8 32 . 5 32 . 9 33 . 3 32 . 8 5,000 6, 500 o. 295 o. 34 0. 80 

12-BG-4-20 -14 3. 92 86.7 86 . 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 3.7 5 86 . 8 86 . 4 38 . 1 40.7 40. 4 40.9 41. 0 4 1. 3 4 1. 4 41. 0 6,000 8,000 0. 26 0.2 98 0. 62 
-16 3. 59 87 .0 87.0 42 . 3 44. 9 44 . 9 45.0 45 . 0 45 . 2 4 5. 1 45 . 0 8,500 12, 000 0. 255 0. 265 o. 52 
-17 3. 32 87.2 87 . 2 49 . 0 51. 0 50 . 7 51. 2 51. 1 51. 7 52 . 1 51. 3 6, 000 8,500 0. 228 0. 25 0. 35 
-1 8 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 o. 190 o. 155 0. 180 
-19 2. 92 87 . 6 87. 6 58 . 1 59 . 9 59 . 6 60.0 60 . 1 60. 2 60 . 4 59 . 9 750 95 0 o. 172 o. 128 0. 165 
- 20 2.65 87. 6 87. 6 62 . 5 64. 2 63 .7 64 . 3 64 . 5 64 . 5 64 . 9 64 . 2 700 600 o. 145 0.095 o. 13 

12 - BF -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 
.,\i r 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. 4 0 o. 55 
.. ..'\.i r Left -1 4.89 84 . 8 84 . 4 -2 .7 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 
.. -\ir Right - 2 4 . 07 84 .7 84 . 4 -1. 6 2. 7 3. 2 4.2 3.8 3. 9 4 .5 3 . 8 - - -- - 0.72 · o. 38 o. 52 
.c\ir Left -2 4 . 97 8~ . 7 84 . 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 34 . 6 84 . 4 o. 6 5. 9 5. 6 5. 9 5. 5 6.0 6.0 6.0 18,000 15, 000 0 . 86 2.80 4. 68 
.,\ir Right -3 5.07 84 . 5 84 . 3 o . 6 5. 6 5. 6 6.0 5. 5 6.0 6.0 6. 0 - - - - 0. 60 0. 30 0.42 
,\ir Left - 3 5.07 84 .5 84 . 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 .7 6 84 . 4 34·_ 2 6, 1 10. 6 10. 5 11.0 ,10. 4 11. 1 11. 1 10. 9 28 ,000 20,000 0.2 94 3. 92 5. 72 
a\.i r Right -4 4.7 6 84 . 4 34 . 2 6.0 10. 8 10. 5 11. 4 10. 6 11. 1 11. 2 10. 9 - - - - 0. 40 0. 228 0. 572 
,\ i r Left -4 4 . 76 84.1 84.2 6. 3 10. 7 10. 5 11. 3 10 . 6 11. 1 11. 1 10.9 - - - - 1. 14 . 336 1. 12 
12 - BF - 30 -20- 5 4. 92 85 . 1 85 . 4 o. 5 5. 1 G. 0 6. 2 5. 7 5. 7 5.7 G.O 18,000 21, 000 1. 36 2.88 4.6 0 



DATA SUMMARY SHEET 

Discharge Pressure (pounds per square inch} Vert . Horiz. Hydrophone (volts) 
Run No. (cfs) 

Vib. Vib. 
P1 P2 P3 P4 P5 p6 P7 Pg Pg P10 (IPS ) (IPS ) 10-200 Kc 4-1 0 Kc 2-10 Kc 

L - BF - 30-20-5 
_.\ l ' Right 4 .76 85.4 85 .9 0. 5 5. 1 6.0 6.3 5. 8 5.7 5. 6 6.0 6,000 7,800 0. 60 o. 292 0.456 
_-\.i r Left -5 4 .81 85. 3 85.8 0. 6 5. 1 5. 9 6.2 5. 6 5. 7 5. 5 5. 9 11, 000 J 2, 000 0.82 o. 30 0.736 

-6 4.66 85.4 86 . 2 8. 3 1 2. 9 12. 8 13.9 13. 2 13. 0 13. 1 13.4 27,000 28,000 3. G2 4 . 04 6.08 
_\i e Right - 6 4. 60 85 . 5 86.2 8 . 6 12. 8 13.4 13.8 13. 0 13. 2 13 . 3 13 . 5 6,000 6, 500 0. 348 0 . 214 o. 676 
-~i r Left -6 4. 60 85.6 86.0 8. 5 12. 8 13 . Ll 13.8 13.0 13. 3 13.2 13 . 4 9, 000 8,000 0. 376 0. 42 1. 40 

-7 4. 52 85 . 6 86.3 12. 6 16.8 1.7. 4 17.6 17.0 17. 2 17.0 17.4 23,000 29,000 4.80 4.00 6.00 
::\. ~ r Right -7 4 . ,19 85 . 6 86 .2 12. 8 16. 8 17. 4 17.6 17. 3 1.7 . 3 1 7. 3 1 7. 5 6,000 6, 500 o. 312 0.26 0. 88 
_.\ ~ r Left -7 4 . 49 85 . 4 86.0 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 85.4 85 .7 17.4 21. 0 22. 0 22.0 21. 8 22 . 0 21. 8 21. 8 23 , 000 23,000 0. 588 0. 396 5.92 
_\ ir Right -3 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 0. 30 0. 344 1. 06 
_\i r Left -8 4. 37 85.3 85 .7 17.4 21. 4 21. 6 22 . 3 21. ·9 22. 2 21. 8 21. 8 8, 500 9,000 0. 304 0. 82 2.26 

- 9 4 . 28 85 . 2 85 .1 20 . 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 
-~ i r Ri ght -9 4.28 ' 85. 1 85 . 2 20. 8 24, 7 ?.5:4 25.6 25 .0 25 . 1 25.1 25.0 7,000 7,000 0. 292 0. 368 1. 14 
_.:_i r Left -9 4.27 85 .0 85.0 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 . 9 86.3 25. 0 28 . 4 28. 9 29.8 29 . 2 29 . 6 29 .6 29. 5 20,000 23, 000 6.0 3.36 4 .8 
_:_i l ' Right -10 4 . 16 85 . 8 86.3 25. 1 28.4 29 .0 29.9 29. 3 29 .8 29 . 6 29.6 6, 000 5, 000 0. 38 0.44 1. 14 
c\ ~r L e ft -10 4 . 14 85 . 8 86.3 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 85.8 85 .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 
:_ i r Right -11 4.47 85 .8 85.5 14. 3 18.4 18.3 18.9 18 . 4 18.9 19.0 18.6 7,000 9,00 0 

~ 

0. 23 0. 35 0. 92 
·._~r 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 0. 33 0. 58 1.6 

-12 4. 16 86. 1 86 .0 25 . 9 29 . 1 29 . 1 29 .7 29.4 29 . 8 30 . 1 29.5 22, 000 28,000 4.0 3.4 4.6 
·._i r 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. 1 86. 1 26.0 29 . 3 29. 1 29.8 29.4 29 .8 30 . 1 29 . 5 11,000 11,000 0. 31 0.95 2. 25 

- -13 4 .06 86 .3 86.0 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 
'·.i r Right -13 1.06 86 . 3 86. 1 29 . 6 32 .4 32 . 1 32.8 32. 5 33. 1 33 .5 32 . 8 7,000 8,000 0. 28 0. 53 1 ., r:: . .) ;) 

·. i r L e ft -13 4.01 86.4 36 . 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 . 3 3G.9 16, 000 10,000 3. 10 2.73 3.30 

-. i r Right -14 3. 92 86.7 '3 6. 3 33 . 8 36 . 3 3G .2 36 . 8 36.7 37. 1 37 . 3 36.9 7,000 9,000 o. 26 0.5 3 1. 30 



DATA SUMMARY SHEET 

I 

Discharge Pressure (pounds per square inch) Vert. Horiz. Hydrophone (volts) 
Run No . Vib . Vib. 

(cfs ) P1 P2 P3 P4 P5 p6 P 7 P3 Pg P10 (IPS ) (IPS ) 10- 200 Kc 4-10 Kc 2-10 Kc 

1 :2-BF-4 - 20 
~ i r Left 

-14 I 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 1. 97 
-15 3.75 86 . 8 86 . 4 38 . 1 40. 4 40. 4 40 . 9 40. 8 41. 0 41. 6 4 1. 0 14,000 16, 000 2.80 2. 2 5 2. -85 

Ai r Right - 15 3. 75 86 . 8 86.4 38 . 2 40 . 4 40 . 4 40.9 40. 8 4 1. 0 41. 6 41. 0 6,00 0 6, 500 . 0. 23 5 0. 53 1. 05 
_\i r Left -1 5 . 3.7 5 86 . 8 86 . 4 38. 2 40 . 4 40. 4 40 . 9 ,10 . 8 41. 2 41. 7 41. 0 9, 000 9, 50 0 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 .0 45.0 8, 500 9,500 2. 38 1. 83 2. 55 
_\ir Right -16 3. 59 87.0 86.9 42.4 44 . 8 45. 0 45.2 44.9 45 . 1 45 .0 45 .0 8,000 9,000 0. 22 5 0. 45 0. 87 
_\ i r Left -16 3. 59 87. 0 86 . 9 42 . 4 44.7 45 .0 45 .0 44 . 9 45 . 1 45 .0 45 .0 12,000 14,000 0. 25 0. 73 1. 15 

-17 3. 32 87. 2 87. 3 48 . 8 51. 0 50 . 7 51. 1 51. 1 51. 7 52 . 1 51. 3 8,000 4~ 500 1. 43 o. 94 1. 18 
.:\ir Right -17 3. 32 87. 2 87.2 48 . 8 51. 0 50.7 51. 1 51. 1 51. 7 52 . 1 51. 3 8, 50 0 5, 000 o. 195 0. 39 · 0. 54 
:\ir Left -17 3. 32 87 . 2 87. 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 

-1 8 3.06 87. 6 87.7 55 . 2 56. 8 56 . 6 57 . 2 57 . 1 57. 5 58. 0 57. 2 80 0 500 1. 00 0. 27 0. 29 
_-\ ir Right -18 3.06 87. 6 87. 6 55 . 2 56 . 8 56.6 57. 1 57 . 1 57. 5 58 .0 57 .2 80 0 50 0 I 0. 175 0. 190 0. 22 5 
:\i r L eft -18 :.L 06 87. 6 87.6 55 . 2 56 . 9 56 . 5 57. 1 57. 1 57. 5 58 .0 57.2 80 0 500 0. 190 0. 258 0. 27 5 

-19 2. 92 87 . o 87.6 57 . 9 59 . 8 59 . 3 59.8 59 . 9 60. 2 60 . 4 59 . 9 22 26 0. 14 0.0 28 0.032 
.\i r Right -19 2. 92 87. 6 87.6 58 .0 59.8 59 . 2 59 . 8 59 . 9 60. 2 60 . 4 59 . 9 800 700 0. 16 0. 145 0. 17 
.:\ir 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 90 0 0. 18 I 0. 163 0. 183 

l 2-BF-5- 35 -1 8.04 80.8 80 . 9 20 .7 26.2 27.2 27.7 26 . 6 26.8 26 .8 26.8 ?7,000 26,000 7. 12 3.72 5. 2 
- 2 7.68 81. 2 8 1. 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 

I 

13,000 --3 7. 39 8 1. 9 82 .0 30 . 8 35.7 35 . 9 36 .7 36 . 1 36 . 2 36. 2 36. 1 15, 000 3. 1 2.43 3. 6 
I ' -4 7.0 8 82 . 3 82 . 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 . 4 82 . 6 38 . 8 42 . 6 43 . 4 43 . 6 13 . 4 43 . 5 43 . 2 43 . 1 9, 000 9, 500 1. 75 1. 64 2. 35 
-6 6.67 82 .8 82 . 9 4 1. 8 45 . 6 46 . 2 46 . 4 46 . 2 46 . 2 46 .0 45 . 9 7,500 8, 500 1. 52 1. 38 1. 95 
-7 o.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 83 .5 46. 8 50. 2 50 . 5 50:8 50 . 8 50 . 8 50. 5 50. 3 4,000 4, 500 0. 77 I 0. 67 0.76 
-9 6.08 83 . 5 83. 7 49 . 3 52. 8 52 . 8 53 . 1 53 . 2 53. 2 53. 1 52. 7 1,300 1, 100 0. 38 0. 32 0. 34 
-1 0 5. 96 83 . 7 r 4 . 0 50 . 8 53. 8 54 . 1 54 . 3 51. 6 54 . 5 54 . 2 51 . 1 500 600 0. 275 o. 17 o. ~o 
-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 0.0 95 



DATA SUMMARY SHE ET 

Discharge Pressure (pounds per squar:ie inch) Vert. Horiz. Hydrophone (volts) 
Run No . Vib . Vib. 

(cfs) pl p2 P3 P4 p5 p6 P7 PB Pg plO (IPS ) (US ) 10-200 Kc 4-10 Kc 2-10 Kc 
·---

12-Bl• -5-35-12 5 46 84. 9 85.4 57.7 59. 7 59.8 60 . 5 60 . 1 GO. 3 80.7 60 .0 200 2 0 0.0 5 0.0 0.052 
-13 8. 44 80, 1 80 ,7 14 . 2 20 . 1 21. 3 22,2 20.7 21. 0 21. 0 20 , 7 27,000 27,000 8. 60 4 . 12 5. 48 

1 2-BF- 6- 35- 14 9.00 78.4 78 , 3 5. 6 12.4 14. 2 14 . 2 12 . 8 13 ,0 12.6 , 12.8 27 ,000 26,000 5.76 4 , 96 6.24 
-15 . 9, 25 77.8 77. 6 2,0 9. 1 11. 0 10. 8 9. 1 9, 8 9.3 9 ,6 26 ,0 00 26 ,000 3, 52 5. 12 6.24 

12-BF -6-50-1 14 . 16 64.3 64 , 3 15. 2 22. 8 25. 4 25 . 6 22. 1 22 . 6 22 , 8 22 . 3 25,000 26,000 11. 60 6.08 6,92 
_-\ ir Right -1 14. 16 64 . 1 64 . 3 15. 2 22 . 8 25. 3 25 . 7 22 .0 22 .7 22 . 7 22.4 21,000 22 ,000 2.08 4. 52 6.00 
_.\. i r Left -1 14 . 16 64 . 2 64 , 3 15. 1 22 . 8 2 5. 1 25 .6 22 . 1 22 . 8 22 . 6 22 . 2 20,000 19,000 0. 88 2. 56 4.44 

-2 13.75 65.8 65 . 8 19 . 3 26 . 6 28. 1 29 , ' Q 26 , 3 26 . 6 26.3 26 . 1 26 ,000 23,00 0 11. 88 5. 12 6.48 
).i r Right -2 13.7 5 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 
_..\.i r Left -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 3.72 

-3 13. 11 66 . 8 66 . 8 22 . 6 29 . 0 30.9 31. 7 28 . 6 29 . 2 29 , 0 29 .0 20 ,000 18, 000 ~- 88 4. 52 5.68 
_~.ir Right -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 . 
_.\ir Left -3 13. 44 66,8 66.8 22 . 6 29. 0 30. 9 31. 8 28 . 6 29 . 2 29 . 0 29.0 15,000 20,000 0. 64 2.60 3. 24 

-1 12.72 69 . 5 69 . 4 30. 4 35 .7 37. 5 38 , 2 35 .7 36 , 0 36 . 3 36. 1 20,000 16,000 5.00 2.76 3. 68 
.-\ir Right -4 12,72 69 .7 69 . 4 30, 4 35 . 8 37. 5 38 . 2 35. 7 36. 1 36 ,3 36. 1 16,000 11,000 0.94 2, 2 2. 96 
. .\ir Left - 4 12.72 69 . 5 G9 . 4 30, 4 35 . 8 37. 5 38 . 2 35 . 7 36 , 1 36. 2 36 . 1 13,000 11, 000 0.472 1. 32 2. 12 

-5 12. 11 71. 2 70. 8 35 . 1 40.0 4 1. 4 42 . 2 39 . 8 40. 4 40 . 4 40 . 1 11,000 10,000 2. 48 1. 52 2.00 
.:\ir Right - 5 12. 11 71. 2 70.8 34 . 9 40,0 4 1. 4 42 . 2 39 . 8 40,4 40 . 4 40. 1 15,000 9,000 - 0.708 1. 60 2.00 
_.:._ir Left -5 12. 11 71. 2 70 . 8 34 . 9 10 . 0 4 1. 5 42 . 2 39 . 9 40. 4 40. 4 40. 1 10,000 8,000 0. 368 0. 980 1. 48 

-6 11. 59 72 . 5 72.2 39 . 2 44 . 1 4 5. 1 45 . 9 43 . 8 44 . 3 43 . 9 44 . 2 6, 80 0 8, 000 1.0 0.73 1. 1 
. .\ir Right - 6 11. 59 72. 5 72.2 39 . 2 44 . 2 45 . 1 45 . 9 43 . 8 44 . 2 44 . 2 44 .2 6, 700 8,000 o. 56 1. 13 1. 40 
.-\.i r Left -6 11. 59 72. 5 72. 1 :39 . 2 44. 2 45 . 1 45 . 9 13 . 8 44 . 3 44 . 2 44 . 2 5,000 6, 50 0 o. 31 0,75 1. 06 

-7 11. 18 73. 9 73.4 43 ,0 47. 9 48 . 5 49 . 3 47. 5 17 .8 47.8 47.7 5,000 5,500 0. 49 0. 44 0.60 
.:\ir Hight -7 11. 18 73.9 73 . 4 1 2. 9 47. !) 48. 5 49 .3 47. 5 117. 7 47. 8 47.7 3, 700 6,000 0. 44 0,75 0. 90 

.,-\. ir Left -7 11. 18 73. 9 73 . 4 42. 9 47. 9 18 . 5 49 . 2 47. 5 47. 9 47. 6 47.7 2, 500 5, 000 0, 275 o. 55 0,7 4 
-8 7 . 97 81. 0 j8 0 . 7 6 4 . 8 6 7 . 6 6 7 . 0 6 8 . 4 6 7 . 8 6 7 . 9 6 8 . 0 6 7 . . 9 110 90 0. 120 0.0 26 0. 0-1 5 



. 

R un No. 

l~-BF 
_\ir R 
_-\i. r L 

• -6-50 
ight 
eft 

~\ir R 
_-\ir L 

ight 
e ft 

-8 
-8 
-9 
-9 
-a 
-10 
- 10 
-10 

• -9-50-11 12-BF 
_\ir H 
_-\ l l ' L 

i.ght -11 
eft -11 

1 ?. - B G _r- 6- 50-1 
-2 
-3 
-4 
-5 
-6 
-7 . 
-8 
- 9 

-9-50-10 12-BG 

12 - BI-I-6-50-1 
-2 
-3 
- 4 
-5 

' Discharge 
(cfs ) pl 

7 . 97 81. 0 
7 . 97 81. 0 

10.08 76 . 6 
10 . 08 76.6 
10.08 76. 6 

8. 10 81. 5 
- - --
- - - -

15.49 60 . 8 
15. 49 60.8 
15. 49 60.8 

11. 26 64. 1 
13 . 69 65 . 8 
13.44 66 . 8 
12 . 62 69 . 5 
12 . 11 71. 2 
11. 59 72. 5 
11. 16 73. 9 

8.00 81. 0 
10.48 76 . 6 
15. 30 60 .8 

15.70 60. 3 
15. 12 62.4 
14.80 63.8 
13. 68 67. 4 
13 . 04 69 . 2 

DATA SUMMARY SHEET 
• I 

Pressure (pounds per square inch) 

p2 P3 P4 P5 p6 P7 p8 Pg PIO 

80.6 64. 9 67.7 67.0 68. 4 67 . 8 67 . 9 68 . 0 67.9 
80 . 6 64. 9 67. 6 67.0 68.4 67. 8 67.9 68 . 0 67 . 9 
76.0 51. 6 B5 . 4 55. 7 56 . 8 55 . 1 55. 3 55.4 55.4 
76. 1 51 . 6 55 . 5 55.7 56 . 8 55 . 1 55 . 3 55 . 4 55 . 4 
76.0 51 . G 55 . 4 55.7 56 .8 55 . 1 55 . 3 55 . 4 55 . 4 
80 . 9 65. 1 67. 6 67.8 68 . 1 67 . 7 67. 4 67. 4 67.7 

- - - - - - -- - - - - -- - - - -
- - - - -- -- - - - - - - - - - -

60.8 5. 0 12 . 8 15.7 16. 1 12 . 6 12 . 6 12 . 5 12 . 3 
60.8 4.8 13.0 15. 6 16. 4 12 . 6 12. 5 12 . 5 12 . 3 
60.8 4.8 13 . 0 15.7 16 . 2 12. 5 12. 5 12. 5 12 . 3 

G4 . 2 15. 1 22 . 7 25 . 2 2!:>. 1 22 . 0 22 . 7 22 . 5 22. 1 
65 . 9 19. 5 26 . 6 28.0 29.4 26 . 2 26 .4 26 . 3 26 . 2 
66 . 8 22. 7 28 . 9 30 . 6 31. 6 28 . G 29 . 2 29.2 29.0 
69. 5 30. 3 35 . 6 36.7 38.4 35 . 7 36 . 3 36 . 1 36 .2 
71. 2 34. 6 40. 1 4 1. 2 42 . 2 39 . 8 40.4 40. 4 40.2 
72.2 39. 2 44 . 4 44 .8 45 .7 43 . 9 44 . 2 44 . 3 44 .2 
73.5 43. 1 48. 1 48 . 1 49 . 4 47. 4 47 . 7 47 . 8 47 . 7 
80.7 65. 0 67 . 6 67.4 68. 1 67 . 7 67 . 7 68. 1 67.9 
76 . 2 51. 6 55 . 1 55 .7 56.6 55 . 1 55 . 5 55 . 6 55 . 4 
60 . 8 4 . 8 13. 1 15.8 16. 1 12. 6 12. 5 12. 5 12.3 

G0.3 22. 8 28 . 8 30 . 6 30 . 8 26 . 8 27. 6 27.4 27.0 
62 . 4 27. 3 33. 6 33.7 35 .0 31. 4 31. 8 31. 3 31. 7 
63.6 30.7 35. 6 36 .7 37.7 34 .0 34. 5 34 . 6 34.3 
67. 1 :18. 6 42 . 4 13 .2 41 .4 41. 1 42 . 1 42. 1 41. 6 
GO . 1 43 . 1 46 . 9 47 . 4 48 . 1 45 . 8 46 . 0 46 . tl 46 . 1 

'Vert . Horiz. I Hydrophone (volts) 
Vib. Vib. 
(IPS ) (IPS) 10-200 Kc 4-10 Kc 2-10 Kc 

770 900 0. 18 o. 111 0.· 126 
720 80 0 0 . 162 0. 170 0. 203 

2, 30 0 2,200 0. 17 0.24 0. 27 
2, 400 1,700 o. 272 o. 283 0. 35 
1,600 2,000 0 . 213 0.275 0. 34 

80 45 - - - - - -
- - - - - - - - - -
- - -- - - - - --

35,000 45 , 000 10 . 08 9.60 11. 48 
21, 000 26,000 3. 20 5.76 4.60 
20,000 14, 000 2. 12 3.80 6.60 

10,000 10,000 0. 568 0.760 1. 96 
20,000 14,000 0 . 552 0.728 1. 84 
13,000 10,000 0.492 0.700 1. 72 
7,000 9, 000 Q. L!Q 0. 588 1. 16 
8,000 7,000 0. 368 0.452 0. 88 
3, 600 6,000 0. 290 0. 37 0.67 
3, 000 4,200 - 0. 285 . 0 . 30 0.60 

550 40 0 0. 16 o. 11 o. 13 
1, 300 2, 000 0. 252 o. 23 0.263 

18,000 17, 000 1. 12 1. 36 3.20 

13,000 12,000 7.04 3.32 4. 20 
12,000 13, 000 4.76 2.44 3. 16 

9, 000 10,000 2 . 88 1. 64 2. 14 
2,700 6, 500 0. 54 0. 45 O.GO 
3, 100 2, 900 0 . 25 0.25 0. 30 



DAT A SUMMARY SHEET. 

Discharge Pressure (pounds per square inch) Vert . 1-roriz. Hydrophone (volts) 
Run No. Vib. Vib. 

(cfs) pl p2 p · P4 p5 115 . P7 p8 Pg p ,, 
(IPS ) (IPS) 1 o·.: 200 Kc 4-10 Kc 2-10 Kc 3 10 

·- --
12-BH-6-50 - 6 10.08 77 . 6 76.8 62. 0 G4. 2 64.3 G4.7 63.4 63.7 63 .7 63 . 6 90 150 0. 113 0.024 0.0 40 
12-BH-9-50 -7 17. 18 55. 5 55.4 11. 2 18 . 0 19.8 20. 3 15.7 l 5. 7 15.8 15. 5 24,000 22,000 12 . 0 6. 16 7.08 

I 

12- Ul<'-9-7 0 -1 19.90 41. 6 41. 9 18 . 3 23.7 26.3 26.7 21. 3 21. 2 20.8 20 .7 16,000 16,000 5. 6 2.88 3. 52 
-2 19. 32 45 . 6 45 .7 24 . 0 28. 5 31. 3 31. 5 26. 7 26 . 7 26 . 5 26 . 2 10, 000 8, 000 2. 80 1. 64 2.24 
-3 17 . 7 5 50 . 8 50 .7 32 . 9 36 .7 38 . 5 39 . 2 34.7 35. 0 35 . 5 34 .3 7, 000 6,000 0. 68 0. 48 0.78 
-4 16 . 92 53 . 9 54.0 36. 9 40 . 8 42 . 7 42 . 8 39. 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 .0 42 . 4 6,0 00 3, 000 0. 21 0.30 0.44 
- 6 15.80 59.4 59.5 44 . 8 47. 8 49 . 5 50 . 2 46 . 4 46 . 8 46 . 8 46. 4 2,000 2,400 0 . 17 0. 18 0. 25 
-7 14.70 63. 5 63.6 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 68.3 58 . 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 .7 34. 7 6, 500 5,000 0 . 68 0. 48 0.78 

' 
12-BF-10-20-1 4. 42 87. 3 79.2 4. 6 8 . 1 9.3 9.3 9 .0 9. 1 9.4 9.2 27,000 21,000 2. 28 4. 08 6. 16 

-2 4. 22 87. 5 80 . 1 15 . 1 17. 8 19. 3 19.3 18. 9 19 . 3 19.6 19.0 36 ,000 30,000 5. 56 4 . 52 7. 40 
-3 4 . 06 87 . 4 80 .6 21. 4 23. 7 25. 1 25 . 3 25.0 2 s. f) 25 . 8 25.0 ?,5 , 000 24,000 7. 40 4. 4.0 7. 16 
-4 3. 96 87. 4 81. 0 25. 2 27 . 8 29 . 1 29. 1 29.0 29.4 29. 5 29 .0 24,0 00 25,000 7. 08 3.84 5.44 
-5 3.72 87. 5 82. 1 32 .7 34 . 8 36 . 1 36 . 3 35. 9 36. 5 36 . 6 36 .0 22, 000 22 ,000 6. 16 · 3.04 4.08 
-6 3.65 87.7 83.4 36 . 7 38 . 7 39 . 8 40 . 0 39.7 40. 3 4 0. 4 39.8 19,000 17,000 3. 88 · 2. 7 5 3. 6 

~ 

-7 3.41 87.7 83.4 42 . 8 45 . 1 45 .6 46 .0 45. 5 45 .8 46 . 1 45 . 8 13,000 12,000 3. 09 2. 18 2.9 
-8 3. 20 88.0 84 . l 47. 6 49 . 8 50. 3 50,8 50. 2 50.6 51. 0 50.3 13,000 14, 000 2. 32 · 1. 58 2. 0 
-9 3.02 88.0 84 .6 51. 7 53 . 8 51.0 54 . 5 54. 2 54 . 5 54 . 8 54.4 5,000 '4,000 1. 05 0.68 0.79 
-10 2.94 88 . l 85 . 1 54. 4 56. 5 56. 6 57.0 56 . 6 56.9 57.2 56 .8 1, 400 1, 300 0. 37 0. 23 o. 265 
-11 2. 70 88. 3 85°. 3 56. 8 58. 6 58.4 59 . 1 58 . 9 59 . 2 59.8 58 . 9 . 220 230 0 . 14 0.058 0.07 

12-BF-11-50-7 7.85 81. 9 5:S . 8 4!J. b 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 7. 56 82 . 3 57 . 8 52. 2 53. 8 54.0 54.4 53.4 53 .7 53 .0 53 . 3 4,0 00 4,500 0. 25 0. 40 0. 56 
- 9 7. 10 83 .0 61 . 1 56 .0 57 . 2 57 . 3 58 .0 57.0 57 . 2 57. 8 57.2 3, 500 4, 000 0. 14 0. 20 0.31 



DATA SUMMARY SHEET 

Discharge Pressure (pounds per squn.re inch) Vert. Horiz. ' Hydrophone (volt s ) 
' 

Run No. (cfs ) pl p2 P4 p5 p P7 PS Pg plO 
Vib. Vib. 

P3 6 (IPS ) (IPS) J.0-200 Kc 4- 10 Kc 2-10 Kc 

.~2- BF-11-5 0-10 5.69 85. 6 71,6 68, 3 69. 7 69. 3 69.7 69. 3 69.4 69.8 69. 5 11 0 110 . 044 , 017 . 035 
-11 9. 30 78.8 4 1. 6 33. 2 35 , 6 35.9 36.3 35 . 6 35 . 2 34.6 35. 2 16, 000 22,000 3. 80 2. 52 3. 6 
-12 8.70 79. 7 45. 4 38.b 40. 2 40. 4 40.8 39 . 5 39 . 6 39 . 5 39 .6 16, 000 18, 000 2. 40 1. 70 2, 5q 
-13 8. 25 80.8 50.6 13 . 8 45 . 8 45 . 8 46 .2 44 .9 45 . 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. G 14 . 2 14 .7 15. 2 13. 3 13. 6 12. 9 13.4 <'.'cO, 000 35 , 000 7.72 5.28 6.64 

~ 2-BF -G-50 -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 ' 
_\.: r Righ t -2 -- - - - - - - -- - - - - - - - - - - - - -- - - 1. 84 4. 16 5. 52 
.\i r Left · -2 - - -- - - - - - - - - - - - - - - - - - - - - - - 0.744 2. 20 3. 92 

-2 -- 65.9 - - 18.7 26. 3 28 . 2 28.7 26.0 26.0 25 . 9 26 . 1 9,000 9,000 0. 576 - - - -
!.2-BF-6-50 -5 12. 16 71. 2 - - ~4.0 ~9 . 9 41. 4 41. 6 40 .0 39. 8 39 .7 40 .0 10, 000 11 , 000 2.76 1. 80 2. 18 
_~_i r Right -5 - - - - - - - - - - - - - - - - - -, - - - - - - - - 0. 80 1. 80 2. 28 
_1.;. c Left - 5 -- - - - - - - -- -- - - - - -- -- - - - - - - 0.412 1. i 2 1. 624 
12- BG - 6-50 -5 - - 71. 2 - - 33.8 40.0 41. 4 41. 8 39. 9 39 .7 39. 5 40. 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 
.-'·. i r Right -9 -- -- - - - - -- - - - - - - - - - - - - -- - - 0. 34 0.308 0. 3,14 
_'-.:.r Left -9 -- - - - - - - -- - - - - - - -- - - - - - - - - 0. 292 0. 30 o. 368 
: :~ - BG- 6 - 5 0 - 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 
~ '2 - I3F-3 0-20-7 4. 52 85. 5 - - 12. 5 17.0 17.0 17.6 17.0 1 7. 1 17.4 17.4 31, 000 30,000 4 .00 3.80 5.84 
_'·. j Right -7 -- -- - - - - - - -- - - - - - - - - - - - - - - 0. 32 o. 34 1. 032 
. ': ~r Left -7 -- - - - - - - -- - - - - - - -- - - - - - - - - 0. 352 0.70 1. 96 
: :2- BG - 30-20-7 - - 85.6 - - 12.4 17.0 1 7. 1 17. 5 17. 1 17. 2 17.4 17.4 7,000 9,000 0. 32 0.28 0.78 
~:2 - BF-4-20-13 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. G4 
.\ : r Right -13 - - - - - - - - - - - - - - - - - - - - - - - - - - 0. 352 0.48 1: 20 
_··.: r Left - 13 - - -- - - - - - - - - - - - - - - - - - - - - - - 0.372 1. 12 2.20 
~2 - BG-4-20 -13 - - 86.3 - - 28.6 32. 5 32 . 6 32.8 32 . 4 32 .7 32 . 8 3 2. 9 7,000 G,000 0. 388 0.42 0.84 



DATA SUMMARY SHEET 
' i . 
I 

Discharge 'Pressure (pounds per square inch) Vert. Horiz , Hydrophone (v olts) 
Run No . . Vib . Vib . 

(cfs ) pl p P3 P4 Pr. p6 p PS Pg plO (IPS ) (!PS) 10 -2 00 Kc 4-10 Kq 2-10 Kc 2 ;) 7 

12-BF-4-20-1 6 3. 59 8 7.0 - - 41. 5 44. 5 44 . G 44 . 8 44 . G 44.8 44 . 8 44 . 9 12,000 13,000 2. 60 2 . 02 2.71 
_-\ i r Right - 16 - - - - - - - - - - -- - - - - - - -- - - - - - - 0. 21 0. 46 0. 9 1 
_-\ir Left -lG - - - - - - - - - - - - - - - - -- - - - - -- - - 0 . 26 1. 00 1. 49 
12-BG-4- 20-16 - - 87.0 - - 4 1. 4 44 . 6 44 . 5 44 .8 44. 7 44 .7 44 . 9 45 .0 6,000 12 , 000 0 . 27 o. 26 o. 57 
12 -BF-4 -20-19 . 2. 91 87 . 6 - - 57 . 3 59 . 5 59 . 0 59 . 4 59. 7 59 . 2 59 . G 59 . 6 120 200 0. 120 0 . 034 0.037 
_\ir Ri.ght - 19 - - - - - - - - - - - - - - - - - - -- - - - - . - - 0. 164 0. 142 0 . 167 
_-\ i r Left -1 9 - - - - - - - - - - - - - - - - -- - - - - - - - - 0. 173 o. 1 76 o. 194 
.12-BG-4 -20-19 - - 87.6 - - 57. 3 59 .7 59. 2 59 . 5 59 .7 59.4 59 . 8 59 .9 750 800 0. 190 0. 1 32 0 . 167 

' 



Ru:~~~--T Valve 
CT K 

PARAMETER SUMM~RYSHEET 

Dynamic 

Pressure 

Mean 

P ressure 

Dynami~ Pressure 

Mean Pressure · I Opening 

1 ·J --\VB -12 - 20~--2- 0_o/,_o ___ ·:==l=. =7=8~--1-f----=l _,__-. ..:...7 4-=---1- - - 0_.~7 __ 2 ____ ,1--------1-- - - --

- 2 I 2 . 20 2. 14 o. so 

-
44 . 4 0 . 01 60 

50 . 0 0 . 0100 ------t--------1--- ------1- ----------

----- -- ~- ' 2 . 1 7 2 . 41 0 . 18 
51. 9 0.00 92 

-
- 4 2 . 70 2,62 0,50 54.0 0.00 93 

-••- ------------~----!---- -+---------1---- ·- -

- 5 2,98 2.90 0. 45 56 . 5 0 . 0080 ------- ------ 1-----t-----1---------1-------• .. 

- 6 3 . 33 3 . 25 0 , 42 -------- - - ----------- - - -----1- --'-------4--
- 7. 3,66 3 . 57 ___ _Jhj_O _ _ ----
- 8 3,99 3.89 0. 3 7 F-- 9 4 . 18 4 . 08 0 . 72 

f--

- 10 4 . !)6 4.82 0 . 38 
- ----- - --

-11 5,86 5.72 0 , 35 
·-

58 . 3 I 0 . 0072 

60 . 3 
I 

0 , 0066 

I -
61. 8 0 . 0060 ·-I -
62 . 6 I 0 . 0120 

f:>5 . 2 0 , 0058 

68 . 0 0 . 0Q§._1 

-12 3 . 56 3. 47 0 . 48 59 . 1 0 . 0081 ---
- 13 1. 62 1. 57 1.83 41. 3 0 . 0440 ·- -

35. 7 0 . 0620 _ _____ -_1_4_ L 26 _1. 22 2 . 23 ______ 
4 

_ _ -c=.....c_._-'---_---'f--------'<--'-"'-""-=-

C d 
Q = 

A ~ 

-1 
o. 129 

·-' o. 125 

o. 125 
. 

0 . 12 4 

0 . 124 

o. 126 

o. 125 --
o. 127 

-
o. 124 

0 . 128 

Q_,_J_] 5 

o. 128 

0 . 128 

__D~--12.1 

______ - ~5 _ ____ ___ ____ 0_~?~~- - ~:_~~- 2. 73 ___ _, ____ 25. 7 0 . 1160 . I · 0. 126 · _ 

-~----_-_--J:-.-------------_-_-_·-. - ~-::::-:--~::~ -----::t:--- ::-r:~----.. -- ~: - ~~~~ ==r---- ---~:-~~:-=--
- - - - · ·-- ·- -·· .. --------·--- ---- ·-·-·----------- - - -- ----·- - ·- -------·-··---- ··------ - ~ ------ . ---

- 19 0, 359 0 . 34 2.36 6.85 0 . 3440 0.122 
- · -·- -------· - ·- - - ---------+--·-··--·- - --·-- -- - - - ·-- -- - - ----- - ---------- ----------·- -

-------- - -=-~9_ ______ _ 0 , 29?_ ··- 0 , 28 ____ 2 , 75 _ _ _ --+----3~.6..5_ _____ • . 0 , 7530,__ I . _ ___ _ 0 ,.1.21 _ _ _ 

. - -- .... ... .. . -·-. --- - - ------- .. ----- --- --····- · ---------- - - - · 

------·- __ ., -- . -- ·· - -- - --- -·----- ····· - -------- ---·-·------··· -· ·-··-·--·-- -···-·----·---· . ..... -------------···-··· ------ - ····----···· ·- ·----··· - ·-------·------- - --
---· .... ·- ·· --··-- - ···-----------· -···----- - ··--·-·------ ··----··---- -------- ----



PARAMETER SUMMARY SHEET - cont inue d: 

-- --- ---- - -------------,------.-----.--------------.------

Run No . 
Valve 

Opening 
K 

___ ___,, ____ ----- -

Dynamic 
Pressure 

Mean 
Pressure 

Dynamic Pressure 
Mean Pressure 

Q 

12 - WB - 13 -35-1 35% 1. 16 0 . 99 2 . 03 28. 90 0 . 070 0.236 
- 2i-------1- .-3-7 ___ 1 __ -27 ____ 1. 93 ___ 3_2 ___ 6_5_-l----0- . -05_!) _ _______ -------0 .-23 2 

----_-J _____ o~. _8 __ 7 ___ o_. ~-1-----..-__ '.,;,_'J_ ._1_0 ______ 2_3_. _5 5_ -----~.Q.§£)___ -------o~;; 2====-
_ ____ ...c;4 ______ Q:..~~--~ .. ---o-'._§}_ __t~_7 __ -1 ____ 1_7 . so ________ o ~~Q_6 ______ - ____ o_._2_2 __ 4 ___ _ 

- 5 1. 69 - ------- --- ------+------ -- 1. 5_9-1 _ _ __ 3.c_. _1_2 ___ 
1 
____ 3_8 _. 9_0 __ -1-____ 0 . 080 _ ___ , 0. 23 0 

- 6 1. 89 1. 77 1,25 42 . 0 0 0 . 030 0 . 232 
----- ____ , _ __ __ _ --- --- -·t--------- ---1----------+---- --------+--------------

1. 17 44 . 05 I 0 . 027 0 . 232 

____ -_:cs , ___ o ~.9_3 ______ 4_9~·-4~---- 0 . 019 ____ 
1 
___ o . 234 __ _ 

- 9 0 , 67 50 , 80 I 0 , 013 0 , 231 

- 7 2.08 1. 95 

___]_, 60 i . 43 _ 

2 . 79 2 , 62 

------ ·----·t-

1--------1-- ---1-----1------ ---1---- - ------1 ----

- 10 0.68 52 . 50 0 . 013 .0 . 23 0 J . 03 2, 85 

--_----=-~----_ --:_ 1~- -:lf=----- -----➔------1---0_. _6_7~~~~~ ___ 5_4_. 30 0 . 012 -------i _____ 0_._2=3=1======= 
0 . 48 60 . 70 0 . 008 0 . 23 1 

3 .3 3 3 . 13 0 . 62 54 . 30 0 . 011 0 . 21 8 

_ ______ -_1_1[-_:::~-------~_-_-_3~. _8_3_--+-•~---3~.~6~2~:-~~~~~o-. 8- 7-__ ::_-_----56 . 20 

3.29 3 . 09 

4 . 60 4 .3 4 

0 . 01_5 ___ -+-I ___ o_._2_1_G _ _ 

. __ I . 

12-~~~~~~~;1 ___ 50% ____ ~4-:~~ -----:~~====--+-- :~: :~-- ------ --- ~: ~ : : ---- -_, ____ _;~_: _:; ---- -

_ ___ _ ___ _ ___ ___ __ _ - J

1 

_ ____ ____ ___ ___ _ 2 . __ 48 ____ 2 . 11 __ __ 1. 83 ______ ___ 39 . 80 ______________ o_. 0 4 6 ____ , __ . _ o. 34;) __ 

---------- - 41 _____________ 2. 50_ 2 . 21 1. 90 ---- 39 ._1 0 __ ______ q_: 0 49 o. 33_9 __ _ 

__ _ ____________ ____ _:-_~ ______ __ 2..:.2~- -- __ _ ?_•_~_?_ , ___ 1_._?_~------ ___ 4 1. __ 6o ____ _ _ __ o. o 42 .. ----; ____ o .. _3_1 1 ____ _______ _ 

-6 3 . 11 2 . 71 1. 73 45 . 00 0 . 038 0 . 336 
- - -···· -·-- · --- ----------•---------- ---··-- ·--- ------ --- - --- ---- -· ------- ·------ -

______________ _ ___ - 7 . __ ______________ -3 . -7 1___ _ _ __ 3_._;3_1 __ ________ _1 _,_12 __ ______ _____ ___ .1:$. • __ 1.Q ___________________ o. o 2_7 ____ _ ___ . . ________ ____ o. 3 30 ________ _ 

__ ___________ -n _____ ___ ___ 'L 12 3. G7 _____ 1. 32 ______________ :10 . 10 n n •Jr- " • ., ..... 



PARAMETER SUMMARY SHEET - continued: 

---- ------ ------ --,-----,--- -,----- - -~- ------~------------------------------

R un N o . 
Valve 

Op ening 
(J" K 

Dynamic 
Pressure 

Mean 
Pressure 

Dynami c Pressure 
Mean Pressure 

Q 
A/2gh 

·-- -------- -- ----1---------- -1---------- - ---
12-\ VB -13-50-9 50% 4 .35 3 .89 1. 27 53 .20 0 . 02 4 0 . 324 

--- - - - - --1----------------t-------··· - -----·· 
-10 5 . 59 5 . 02 --------11! 6 , 53 5,86 

1. 10 57.60 o. 01_9 __ --
0.02 G0 . 20 0.015 

---~---· o_.'--3_2.....;4 ___ _ 

0.325 

- i2·1 7. 44 6 . 68 
-

0 . 97 02 .:rn 0.016 0.325 -- -------
-1 3 9 . 56 8 . Gl 0.81 66.60 0.012 0. 32 5 

---------~i4 11. 3_9_ -~_:_]_~-F 
-- --- --- ---: -15 1 5 . 00 4 . 49 >-------

_12- -- \VB -1 4-50---1~- 50o/<_o _ --1-. GO_-_t---_1_. _3_8_1------ --

0 . 88 
' 

70 ,~ 
0 . 013 

1. 19 55 . 00 0 .0 22 

1,23 10 . 20 o . 121 

----
0.325 - --·--------1-----
0 . 326 

0 . 355 

I 

------- ·. t------+-----1----➔--------1---------1-------------1------------

12 - \ ~i~-1~~7½fl 70 % 4 . 47 3 . 34 -

4 . 82 3. 63 -2 
---·----

- 31 5.26 3 . 9 5 

0.45 40.25 0.0111 0.567 -------
0.425 4 1.70 0 . 0101 0.5 69 
o. 42 5 43 . 65 o.oo-~ o . -5--68 ___ _ 

-----_-4~----1---6-. -20- --4-. -6-2 -+---o- _-4_0_0 _____ ___,-1---47 . 40 o . 0084 I o. 575 -

=----~-'-----· ______ §~ ~!_ 5. 00 O. ~_?__ 49 ._2_0 __ _____ CL_Q07!5 I_____ _____ 0 . 567 - --_ 

_____ ---~-61--------------- _____ _:9.:_3_~ __ ----~-~l~- _______ J~-~-2 __ 5_~_. __ 9 _________ __ _9.~_Q05 8 __ _ _ o. -~f)_~ _____ _ 
2 -\VB-15 -70-7,______ 9. 47 I 7. 12 o. 60 56 . 8 o. 0105 _____ , _____ Q.L_Q._7~1. ____ _ ·:-~~-=--~-~ _______ _______ _ ---~-?.-·.--~? __ I __ a ._J_~_ o_. 3 6___ _ - ---~-~_.] ________ --·-------~:-~ ~-~~-----' __ ----~~5-~ 1 - _ 

-9
1 

I 12 . 60 9 . 34 o. 3 7 61. o o. 0060 o. 5s2 

--=~=---~ ---~~~-~-o I ~~~-~-------=-i~-~3 . ~ i~-sj-_____ o ~ 5 4 -~:-----~~-~_] ______________ o_~ o 11 ~ -----·- _______ 9~-_-_5--_ ?--~-----------~== 
__ ______ -=! 1 _______ _ ---- ~:_?.q ___ J_~_Q~ ___ _Q_._~~--- ________ 19_~-~- _ ___ __ O. 0 l_! Q ___________ 0. _56 7 ___ ______ _ 

. ____ _____ ~-12 .. ________ ____ . -~~-5 __ ? _____ }_:_Q_§ _ ________ 0. 5 5 ________ ------- -- ~ -• __ ? ________________________ O_.011_1 _____________ __ __ 0 . __ 5G 5 ___ __ __ _ 

- --·-· -1:3 ····---- --·----- __ 'Z_. __ 08 5 ,.3 7. • 0 5 1. n ()()()Q ,, r.r.'7 



PARAMETE R SUMMARY SHEET - continued: 

'' I 

.. ------r--~alve 
Dynamic 

Pressu re 
Mean Dynamic Pressure 

Run ~o. 
0 

. 
pemng 

er K Pressure Mean Pressure 

---1----
l 2 - \ i;- B - 1 5 - 7 0-1 41 7 0 % 
--- - - ----- 1 -----'---1--_:__-

0 . 55 ---1---------1-----

-- ----
8.26 6 . 22 

-

54 . 2 0 . 0101 

- l 5 5 . 09 4. 56 0. 73 42 . 4 0 . 0173 
- - - ----

-1 6 5.08 4. 59 0 . 75 44 . 0 0.0170 
--:---t-----+-----t--------11-------I--------- --

- -------- - -------1---- - - ·-------
. 2 - \ YB - 2 0 - 2 0 - 1 2 0 % ----------,--~-----0. 37 0 . 349, 5.31 

-i--- · 
7 . 80 0. 681 

_______ -1_______ _ o. 46 _ 0 . 435_>---__ 2_._6_5 ___ , ______ _ 
- 3 0 . 64 0 . 61 3 2. 62 

~ --------1----- -----------·t---- ----------
. 2 - \ \-B - 2 1 - 2 0 - 4 0.80 

-------· -----4------l-----1-------------I-- - - ---

0. 93 _1 _ _ 0_._8_9~9 ___ 2~. 4_6 _____ , ___ ---'-"--=--=-----l -5 
1------l 

0.76 3 2. 46 

11 . 6 I 0 . 228 
I -

19 . 2 I 
o. 136 

~ 
-----

24.7 0 . 100 

28 . 4 0.087 -

1.1 9 1.1 49 2. 58 
- -- ---- --- ----- ------------1---_:_-1 ----+-------- -!-

- 6 35 . 4 0 . 073 

-7 1.71 1. 65 7 1.87 43 . 4 o . 0 43 

--
Cd = 

A 

~----

----
47.8 ' 0,019 - --_ -_-_-_-_-_--=_a[ --1--2. 01 1. 999 ___ o_. _9=2====:~======~----11---- ------l 

52 . 2 0,013 
----· _______ -_9 _______ _, 2 . 46 2.38 3 ___ o_._7_o ___ J-----------I 

-
Q 

\}2gh 

0.5 67 
0,576 

0 . 564 
-

_ __ ________ - 10 3 . 9~ 3 . 847 ___ 0 . 42---1----62 . 4 o . 001 I 

~-~~;;~_::! ~~~--~~~!~ti~~~~! =~-~i: ~~~--=--I. ----. f ~~: :_· --i---- : _· -
~~~.-~~~2=2:~:;~1~-2_0~=='--_;-:~~~ = _tm _-:~~~~~~~~~i~~ - ~-- - --~~~-~~~- -~-------________ _ 

- 1 3 . 5 7 3 . t! 7 7 I I 

-s 0 . G-1: 0 . GIB ' 
,, ,, 

--

.., w .... ___ . __ _ ______ ,._...,._,..= __ ..,....:.. ___ _:_....,...._...,., _____ _ 
'"' • .- • ._ •• ••- •• ,.,,_, .... -• • .,. .., . ,..,_._ ..-~ -r<r""' "'P '"'--♦ .... -- •~ •1-•<I'•~-__.• ~ .... ~~--.. .. - ... _•_,-,,.... 



PARAMETER SUMMARY SHEET - continue d : 

- -- - -- - -- ·- -- - - ------------ . - -- - - -----~------~-------~ -------·-------~-----------

Ru n No . 
Va lve 
Opening 

K 
Dynamic 

Pressure 
Mean 

Pressure 
Dynamic Pressure 
Mean Pressure 

Cd= _ _ Q=--­

A V2gh 
- ------------------ -- ------1--------------1---- ------------- ·-l-----------f------------
~2 -\VB-22-2 0-6 20% 0 . 45 0 . 429 2 , 65 11 . 9 0 . 223 
--------- ----- - -- --------- -------1----- ----- - ------1---- ->----· 

2. 69 8 . 0 -7 --- -------------- ------- - ----------------1--------- ---

- -----·- - ·-----+-----+----+--------1------- -1--------
20% 7 . 26 6 . 944 0 . 27 70 . 7 ----·· ·--------·-1=--= - ----i--------2 7. 82 7 . 165 0 , 25 71.0 - ... - - ·-----·---- -,--- -,----+--------i·---------+------

- _ __ _ ______ -l. ------·t---1_3 _. o_?_ J1.L46 8 ____ o~._3_3 ___ .... ___ 7_6~._3 ___ 1 -----~------1------------

5 . 55 I 5 . 30 7 I ~ 
1

, _ . 1-5. Q 3 _ 4 __ . _8_l _8--+_,
1

f-> __ T_ a _p~_e_R_e_cc_~r_d_e_r_B_r_o_k_e __ n___ ----------- --1-----------

1 6 . 57 6 . 294 ----------- -------+-----~---;--~------•----- --------·--------+-----------

~2 -\\'C-21-20-1 

0 . 37 0 , 350 0 . 336 I -

I 

-

·- -
o . 004 

-
0 . 004 

0 . 004 

- 4 

- 5 

-6 

-7 1. 10 1. 041 
-------J·----+--

2 . 10 31. 8 0 . 066 

-8 1. 36 1. 293 2 . 01 37 . 4 0 . 054 
---·-----•-----+--------l·----f------- ·--·---------------------------

- 9 1. 63 1. 551 1. 6 7 42 . 1 0 . 0 40 
- -- -- -- --

-10 1. 98 1. 88 8 1. 23 46 . 2 0 . 02 7 
-- --·----- --- - -- ·--·---+------> -

_?_·_?~--~--__ o_:_~_?_~---- _______ 2_:J _~------ -·-···--·-~-~-:._?. ___________________ n. _11_98 _ ___ __ . __ -- ---- ···-----·-------·- _ ___ _ 
- 1 0.735 0 . 70 6 2.7 7 27 n 1nn tt 



PARAMETER SUMMARY SHEET - continued: 

------------ ·------ ------_______ _,.__ ________ _ 
Valve 

O pening 
Dynamic 

Press ure 
Mean 

Press ure 

I~ 
Dynamic P ressure 

Run No . CT K Mean Pre ssure 

- -- ---- - !-----+-- --------- -·------ -
~ - WB - 2 7 - 2 0 - 5 20% 0. 859 0. 82 7 2. 7 l 30.3 0,08 94 

-------+------1----1----- ---1----- ---4----
- 6 2 .71 39. 5 0.0G 

- ---------,-----.------ -1-----l-------~-------l-------1. 146 1. 113 86 
-

-7 1. L19 7 1. 4 50 2 . 32 44 . 8 0 .0 51 8 
- - -· - -- - ·-------

- 8 1 . 89 7 1. 8 40 1 . 48 51 . 4 0.02 88 
------__ ,....:.__ _____ _, ___________ _. ________ _ - ---

-9 2 . 274 2 . 204 1.10 55 .1 0.01 20 
- -------- ·--···-- -- ----- - - ------- ----- --...J---------'- - - ------'---------

- ·-·-·- ·--- _____ -__ l _O _ 1---__ 2_. _50 _ _ __,__ ___ 4_2_. _7 ___ -+l _____ o_. _0 _5 

- 11 2 . 00 45.1 I~ 0 . 0 4 
------12 2 . 837 2 . 756 _ 0 ___ 9_3 _ ___________ 5·7--. 7--- o. 01 

-------'-----1-·--=-----+----_;__-- ---1 - - -~---- -----·-- -
-1 3 1. 984 1. 92 5 1. 47 49 . 1 0 . 02 

1. 512 1. 464 
-----------

1. 7 1 1 1. 66 7 - -------------

85 

43 

Gl 

99 
--- -- ----- •- ----f-----J-------l--- ---- - 1----------l-----

-1 4 3 . 663 3 . 560 1.17 62 . 6 0 . 01 87 

~------------~ -:_ !-1 _: r --- =~-:--! ;-~----+. - : -: ~ :_: __ · -·-------_-_-_-~::_:--~~--~~~·~-=--=--=-~-76_~- :-~---l-----~-:-~-~ 
04 

-

61 
-----

- 17 6 . 92 7 6.7 4 6 0. 43 72. 2 0.00 60 
-------- - - ----·----·--f------ ---------1-------- --+---------

Cd = 

- - ------

- --· --·- --- ---- - ----l-----l------1------- - ·- ·- - ------l--·-----
50% 9 , 639 8. 488 0, 62 68. 1 0. 00 9 1 I 2 - WB -28-50-1 

- -- - -·-------------- ---- -------- ---- --·-- ---- --------- --- ----------·- --- -------4- - -----------

Q 

A /;gh 

-

-

·-----

--· 

---

- ____________ ~-~ ·-·---· ________ _ ~~-J-~_o ______ ~~-??_~-- -----~---~~ ~~-~-? __ ·----~~-o 1 ________ _ 
- 3 

- --------
- 4 

------ - ---- - ---- - - .. 

__________ ____ -:~ ,------ -----L-~-~-a-~-- --~~-~ __ 15__ ____ 1. 58 _____ _!~-------- ~-:-~-~23~=-=i -- -- --=== 
-------=~~:~~~~--~-~I ~~~----~-=:=;_:~~~--~~~~-~~~~=--~-~~~ ·---:i·:-:---·-- ~=~~-=--~: ~:-~~---==-7 __ -- ----------· ----- .. 

----------- .. -- ___ - 8 ·····-- ----------- __ 1_._ 77:3_ _ __1_._ 549 ____ ______ __ 2 . . 45 ________ _______ _J 3. 3 ____ ____ ___ .. _______ 0 ... 07.3.G __ ________ _______ _____ __________ _ 



P 1\ RAMJ~T E R SUMMJ\RY SHEET - con tinu'e d : 

- ---- -·-- ------·· ------~----r------~-----~---------

p~::::Ore - J __ D_J_;_:_~n_P_ic-~e_~_:e_u_s_r:_u_r_e __ ,_c_d __ = _A~~-✓-Q~2-~g-1_1 ________ ~_ 
Run No . 

Valve 
O pening 

(T K 
Dynamic 
P ressu r e 

1. ~ : ~?p -2s~~Q-5~µ 50% 48 . 9 o. 0323 3 , 294 2,015 ---------1----------+-----· 1. 58 -·--------------
____ _ ___ -_6_L_ ------•--=--=-=--==---1~--'-=...=..::::-1------=---'------=-::;__--,---.....;:.5...:::4.!.' ...: ~----1-----0~. _0_2_6 __ 1 ___ ----.----------4 . 43 2 3 , 9 15 1 . 43 

- 7 L LlQ , 4 0 , 0512 2 . 3 95 2 , 0 98 2 . 07 
- ------·-
- - _____ - _8_L .-------~-- ~ __ __, ___ 3 __ 3--'-. ~---•------0_.0_07J~-------1-----------1. 773 _ _L_ 5 4JL__ ___ 2 . 4 5 

~~\~,;~-~~~~~ _ 20 % __ . 2 ~0 4 -· 1~.98 t r ---~~-w~'-=a =s ....c.n.:..::o:....::tc__::rc_::e:....c~=o=r..::;:d=e-=d'-----------1------ · 12_9 _____ _ 

----------= ~ -----3_. ~_1_ 3.117 
111 .129 

- 3 4 . 88 4 . 7 47 . 129 
--- -----

. 128 
----

- 4 0 . 89 0 . 859 - ----------
-5 0 . 44 0, 4 13 . . 131 -

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

- 2 1. 83 1. S89 . 357 
-3 3 , 70 3 , 225 , 359 -··---- --- ---
- 4 4 . 9 4 4 . 331 . 355 

- - ---- ---- ------· - ·--- ---- ---------- ------ -----l ---------1-------------· -·--- ····•·--- -----

- ·- - - ------·--- - -~- -··---·--· --- --·· 5 . 6_5 -- - ·--~ '. 9 _?_ ~ -- ---------------------- --------- ----- -----t ------- - - --· 3 5 2 - ------

----------·- ----·-·------11-----f------- - - -----'--------- ------

- --·--- ------··-·----- - -----·--·- ----- ----------------- I . 

~ ~--~-~-----=--·::=--~: ~---~------·---- -----· ---------- -··--------------- =7-
--1-----1------- --------- _-___ --------~-=- =--~----· ------ ---_-_-___ -_-_-_-_-__ -__ -__ --_ ---------___ --_ 

- ------ ----------· ---· -------- ------- --·----· ----------- -----

. - - ··--·- -·-- ----· --·--- - -·---- --- ·-··-----·- --------------·-·--- ---·-·- -----------·-- -··-· ---------·--- -----· ·· ·~--------·-·- ---------- ---· 

----· -------------- ----------------- ----------·----·--·--·--·---· -·· ···---·-··--···· -



PARAMETEH SUMMARY SHEET 

-- - -- -- -- --- -------- - -

R un No . 
Valve 

K 
Dynamic Mean Dynamic Pre s s ure Q 

Op ening 
(j 

Pre ssure Pressure -wiean Pressure Cd = 
A \)2gh 

- - --- - -- - ---- -------- ·------·- ·--

J :2 -BH -29-20-1 20% o. 314 o. 310 3. 34 5. 78 0. 579 ------ - - ------·---
- 2 o. 378 0. 373 1. 50 10, 5 0 . 143 

- ---
- 3 o. 519 o. 513 1. 43 16 . 5 o. 087 

--· -
- 4 o. 885 o. 874 1. 03 29 . 4 0. 035 - -------- -

_12-BH - 30 - 20 -5_ - · _Q_,_1)_2_;3 - 0 516 1._J3 l_G. 4 o. 081 
- G 1. OGl 1. 0 ,17 o. 76 34 . 0 

I 
o. 022 

---- - -------- --- · ---- --
- 7 1. 408 1. 389 o. 78 4 1. 0 I o. 019 

-------·- ----- ------ ---1 
- 8 1. 788 1. 764 o. 68 o. 015 

- - - - 4G .7 r -
- 9 2 . 135 2 . 107 o. 73 50 . 7 I 0 . 014 
-

----- - --~JQ ---- ----_2._5 13_ _ 2. _480_ 0 . _45._0 Q_Q_._L ___ 0.008 
-11 2. 927 2. 888 o. 40 0 58 . 7 0 . 00 7 
-- - - - -· --

:2 - BG-29-20-1 20% o. 178 o. 177 5. 80 -17 . 8 o. 326 0. 056 ------------, - 2 o. 194 o. 194 5. 93 -9. 0 o. 659 l o. 058 
---·- --· --- -

- 3 o. 228 0 . 22 7 o. 99 o. 9 1. 100 I o. 059 I 
-· - ---- ---- - - - -- ·-- ----- -- -------- -- ------ - -------- -- - - - ------- ----. ----- -·· -·· -·-

- 4 o. 318 o. 317 1. 14 6. 8 o. 168 o. 058 
- ·- - - ---- - - -- --- --- --------- - ------- ----- - - · - ·- --- ·-· · · · .. -- -•- --------- ---- -------- ·-------- ------ -- ·- - ·-- --- --- --·---
i. 2 - BG - 30 -20-5 o. 227 ~ o. 226 o. 95 0 . 9 1. 056 o. 05 7 -----------_ F_____ - ---- - ---------~ -- ---- ----------- -- --

- G 0 , 353 0 . 35 ~ 1. 40 8. 7 o. lGl 0. 057 
---~-- ---- - --- · ·· - - ------------ ---- -- ------- - - ------------- ·- -- --- -------------------- --------- ----· ----- - ------- ·- -- - -----

-1 I 0. 13 0 o. 428 1. 0 12 . 4 o. 081 o. 057 
-- --- - -··- ---·----- - - ---·- ·---- --------·--··- -· --·------ ----- ·- ---- ·-----

- 8 o . 532 0 . 530 0, 800 17 . 2 o . 04G o. 058 -· - - · ----- ·--- -- -- ------- -- - --- ------------ -- ·- --------- ·------ ------- - ·--- - ·--------- -- - --- - -·· --··· - ·-- -- ---·- • 

- 9 o. 61 a o . 617 o. 81 20 . 9 0 . 039 o. 058 
- ----- . -- ---- . --- -- --------- --- ----- --- - - - ·- ··-- - - ------· -------- ·-- --- -------- ·----------------- ---------· -- ------------

- 10 o. 73 4 o . 731 o. 550 25. 7 d. 021 o. 058 
- - ·- - ---- ----- --- .. · •• · · • · • · · · ·-- - --- ·•-- ·-- - -- --- -· . ·- -·---- -- .. --· .. - ---- -- ·-- - - ··- --· - ---- ---·-·- -------·-·-·- -- -- --- ---- -----··-· ·· ·-·--- . . . ---- --·-- - - ·- - - - --- -- - - -- -- - - - ------- ------

2 - BG - 4-20-11 0 ~ 455 n tl.!'itl. n QQ 1 4 1 n n 7 n " A r:. '7 



PARAMETER SUMMA.RY SHEET - continued: 

-- ···---···---- - ·------.----~--- -,--- ---------' 
Me~n-]--D- ~ -amic Pressure 

Run No . 
Valve 

Ope ning 
K 

Dynamic 
Pressure 

C = 
d 

Q 

-- ·-------------,-----,---

, __ P_r_e ssure _ _ M e an Pre ssure 

0 , 550 26 , 4 0 , 021 1------'----~ -----'------1-- ---'------ -f-- --- - - - - - -- - --- - ----·· 
~ :2 - B G - ,1- 2 0 - 1 2 20% 0 . 735 0 , 732 

- ---------1------1--
0 , 058 

- 13 0 , 837 0 , 834 0 , 72 32 , 0 0,022 0 , 058 
--- --,---- ----- - ------ -----

-1 4 0 , 982 0 . 978 0 . 4 50 33 . 8 0,013 0,058 
----1------1-- ------1--- - --- - -~-------·------f----------- -· 

-15 · 1. 157 1. 155 0 . 4 20 38 , 1 0 . 011 o. 058 
--- - ----+-- - - ------ -------- ---

-16 _ _L_~~ 1. 354 0 . 330 42 . 3 0 , 008 0 . 058 --- ----i------------➔-----------

-17 1. 763 1. 758 0 , 310 49 , 0 0,006 0 , 058 
--------·-------,---- ------t--------- 1--- --- ----1------- ----

- 18 _ _ 2_. 2 7 G 2 . 2 6 9 -----_-;; c-- 2 . 5 9_6 _ 2. 5 8 6 
,_Q_,_Q_()c...=8c_ __ _ 

0,058 

0 _]80 ·----__ 5J_. __ Q_ __ _ _ _ _9 . 00_5 

0 . 220 58 . 2 0,004 ---- - -
-20 3 , 256 3 , 24 2 0,210 62 . 8 0 , 003 0 . 057 

~:2 - B F -2 9 -20-1 20% 0 . 178 o. 177 3 . 17 3 . 12 1.016 0 , 056 
--- ---!---------1------- -1 

- 2 0 . 195 o. 195 · 3 , 24 2 , 02 1. 604 0 . 058 - --:--- =;-,-
- - - 4- , =====---i= 0=-.-3_-l -~_-__ Q__._ 3_ 12_~ _ _ _ 0-'-, _9 9___ 6- .-2---+-----0- .-1-6_0 _ _ _ _ _ ,! _ ____ 0 ___ 0_5_4~~~:--

0 . 229 0 , 228 1.07 1.0 1. 07 
---

0 . 060 

. .2 - B F- 30 - 20- 5 o. 22a o. 227 o. 99 ___ , ___ o. 8 ___ , o. 124 _____ 1 o. 058 

: --_- -_ ~---~;:--_-~~ ~-----= ~-~~:I~tjT~;t ~~~~1~~~= _ ~-i_:t= ~--- _j:_ I~L-~= ___ ~C~~~m ----= 
_ -------- -----~-- ---- ------L~:--~~~-- - ~ -~-12___ _ o. 9 ~- --- -------~-?.:3_ _______ o.:__044 -----~~58 

-10 0 . 73G 0 . 733 1.10 25 , 5 0 , 043 0 . 058 
:~ - B F - 4 - 2 0 - 11 

---t ----···-·· - - - --- ---- --- - --

0 , 4 55 0 , 4 54 0 , 99 14 , 2 0 . 070 
------· ·--·---------

0 . 05 G 
·····----··· ·- ·-·-- .. --- ----- ---- - -- - ···•· - ·-·--------··· ···--··-- - -----·--·- ·· · I--- --.--- ----·-·--·-- ------- --- ------ -- ·- · ----- - . 

-12 0 ,733 0,730 1.06 25 . 9 0 . 0 4 1 0 . 058 
- •-•-------- - -· - 0 - - •-• - •••-·--•-•-•- -•---H-•--•---••-•-•• •---- ••-•- •----•--•-•---•-- •• ------••-••• •--•-••• 0 --- ••---·•- •· ------------•- 0 •---•- ----

-1.1 0 , 8~7 0 , 8 34 1.01 2019 0,034 0.0:19 
-----------·-···-· --- · -··-···--- ---------- ·-· · ---·-=--=-··--=::-



PARAMETER SUMMARY SHEET -: continued: 

--· -- ·-·-- - ----,----V- al_v_e_·....------.---~- D- y-n-am_ i_c _ __.___ --- M-e-a n _______ Dynamic Pressurel ________ Q_ ---- -----

Run No . a- K C -Opening Pressure Pressure --wfean Pressure d ,::-:-
A V 2gh 

-~;~-8 -_____ 0 ___ 9_9 ___ , 3 3 . 8 __ _ o . 02 9 F __ o ___ o_5_9 __ _ 

1-------+--1-~. _1_5_7 _1 __ 1~._1_5_5_ 11----0._.~5_3_0 __ 1 ___ 3_8~. _2 ________ 0. 014________ 0 0 5~8 ___ _ 

--- -------
• ·l -B F-4-20 -1 4 20% ---------·- 1 

- 15 ---------

0. 912 
------· 

- 16 1. 35 7 1 . 354 0 . 370 42 .2 0 . 009 0.058 

- 17 1. 763 1 . 758 0.100 48 . 8 0 . 006 0 . 059 
------+-----l-'--- --11----+----·--------1------------1--------------

- 18 
-- - 2. 276 2 . 269 0.300 55 .2 

------ ----C.-- - ---1--'-----·---------1---- 0.005 o_._Q~_s , 

- 19 2 . 596 2.S86 0 . 250 58 .1 I 0.00 4 0 . 058 
-- -----~-----------1--------,--- -----------

-
. ·) - 5F - 5-35 -1 35% 

- - ·--+------ -1----2_0_. __ 5_0 ___ ,- --------
26 . 15 I -2 

-- ----
.7 19 . 709 1. 32 --
. 88 3 . 872 1 . 13 

0.064 o. 115 

0 . 043 o. 114 
. ·-------.------- 1- - - -- -

-3 30 . 95 1 • 0 :)0 1. 03 7 1. 17 0 . 038 .o. 111 __ _, ______ -----.. ------1--------;---·------------- ---, 
- 4 36 . 00 1. 235 1,220 1. 17 0 , 033 o. 114 

------ - · -----·-- -,-------- - -
-5 1. 40 2 1. 385 0.80 38 . 80 0 . 02 1 0 . 115 

- 6 1. 569 1. 548 0 . 66 41. 90 0 . 061 o. 115 --
0 . 011 o_ . .1_lL_ __ 

------ ,--------------->--------------•------------
-- ----·---7_ 1_!_ 1 JL2 __ L.J 11 _____ o. 51 _ ___ __ _ 4~ . oo 

1 

- 8 ----- _. L 8 9 4 -- _ 1. 8 71__ -- 0. 5_0_ 4 7. 0 0 0. 011 I O. 114 · 

--=--~~ -~fa--------~~- -~~-;;-~-1-;:-;:~-- ------~~:-~---- :~: ~~------ ~~: ~:~ --·--- f-=~: :::-----=--=----__ -__ 
-11 2 . 391 2 . 358 0 . 50 53 . 00 0, 009 I 0 . 114 · 

··- ---- -- --- - --- -- - ·----·---------- --- - . --- -------·--- ----- ----- . . ·----- ·----------... ------- --·- - ---...,...- ·--- ----- - --- ---- - -- -
-------~J.~- ------·--·- _ 2 ._892 __ __ 2 . 857 __ . _ _ _ o_. __ 50 ___ _____ 57~_2_0 _______ o __ . Q9_9 _ ____ , _______ 0_'._J_1_4 _ _ _ _ 

______ -._13_ ------ _ ._55_1 ___ ._544_ 1.1_3 ___ . ___ } _4_! __ .:l:Q ______ - - o . 078 ________ ______ 0_~}_1_5 _______ _ 

-14 . 416 . 440 1.34 5 . 50 0 . 244 0 .1 25 
-- -- -··-·----- --- ----- -·-·- -- -- -~-----------------------· ------- - - --- ---------- --- - - ---------- ----- ----- -· - --- -----

- 15 . 317 :313 1.37 1.65 0 . 830 0.116 



PATIAMETER SUMM.1\TIY SHEET - continued: 

-- - ····-- ·- - ·--..------- ,----,~---~------ - - -·· 

I 
-

Run No . 
Valve 
Op ening 

er 

-

K 
Dynamic Mean 

Pressure Pres s ure 
Q 

- - --
A\j2gh 

D:x:pamic Pressure 
l'viean Pressure C = 

d 

- --- ----·------- ·-----·-~----- ·- ------------

-~~·=131~-~-~ ~~5Q_:_-; _
1 
__ ~Q_°lo __ ----=.-~---~-~---1--~.;:_;•:_:::...c::.:..=:--l------=c....c...---l-----=----+------'-----

- 3 1 . 096 1.0 4 5 --- - -· ·-·----1----➔----1--------1----

1. 373 
---'-+--

1. 599 

- 4 
- - -- --------· ------·---· - -

-5 

1. 440 

0 , 22 7 
----------· ----------- ----- 1. 675 -1------

1. 84 15 . 05 . 122 

L 78 10. 50 . 0 9 1 

l.68 22 . 55 : ~i~---_- I 1. 49 30 . 55 

l. 36 4 34 . 80 

0 . 23 7 

_____ o~. 228 ___ _ 

0 . 229 
-----· 

0 . 229 

_ ___ _ - -~-~- _ _______ .
1 
__ 1_. _9_8 _G_ .. __ 1~_98_~ _ 1. 141 3 9 . 20 l---·- --•-0_2_9 _____ .

1 
_____ 0._._2_2_7 ___ _ 

____ -7_1·----- --~-~2 7_9 .~ . _17_4 __ . ____ 1._2_1_0 - -- 4 2 . 80 ___ 1=1· 028 o . 228 
- 8 6 , 099 5 , 81 0 1.276 65 . 10 . 020 0 , 230 

- - - - ------ -------➔-----·--------

- 9 3 . 179 3 . 032 , 99 51.0 . 019 0 . 229 
----- ------·--·----·--·-------

-10 !J . 7 '/';j 5 , 508 . 0 , 2~8 
----,--------· · ----1-- ------1----- --1-------------1--- - - ----

-11 . 505 0 . 48 2 1. 54 100 . 0 . 0 15 0 . 232 
. ----- - ·-•--- --1-----'--------'- ------+---------------+---- --------

~2- -3~=~1--= 50% . 8 2·1 1 0. 782 1. 81 15 . 05 . 120 o . 230 
- - ---

--------~;~--- ____ ~:-~: ~ li :~;t ___ t:i_= ___ j~: :~ _____ : ~:: _______ J--- ~: m_ ~-= 
. --·-·--------5--1-----1. 68 4 _1 1. 607 - 1. 2.2..~-- . 35 . 10 --- • 036 --!·-- ---~~-~~~--- ---___ --·-· ·--~~---,·-----···--·-··- __ ~: :~:·-··· ~:·::: ____ :~·:~----- ---·· ::~ ::---··-·--·--~ ::~----·-·-1 ______ 0_: .~?__8 

. . - -· --- . -- ·-------- ... - . - ··-- . . -- --------···-- ---- -·---·- --·---__ . ____ _Q_!_~;2c...::G ___ _ 
_____ .:_Q._ ---·-·-- - - 6_. o a a ._5 .. 810 _ ______ . 704 ·-·---·65 .. _1 0. _____ .011 -·----,-·--·- ·- -·· - o. _23 0 _____ _ 

. -- -···--·---·~- --- ····--· --- --·~•J2? . .. - 3 .. _o 3 2 _ ·------ · ·924 ___ _51.70____ .018 ·-- 0 . 22 s 

. -···· ·- -· -·-10 ······· - ···· ·--- ·· ··-- •· _505 _o .. _J _Q2 ... ··----·--··-·····- · ··- ·-- -···-·-·--·····- --·--- --·-· ·- - ---·- -···-••·· ·--. -- ---l--------·· -· 0 ... 230 .. __ ----



PARAME T E R SUMMARY SHEET - continued: 

-·------ - -------- ---------- - --- -----

Run N 
Valve 

K 
Dynamic Me an I2Ynamic Pressure 

Cd 
Q 

o . a- = 
Opening Pressure Pre ssure M ean Pressure A V2gh 

--
J 2- B II- G-5Q_~;=r 

- ------
50% 1. 184 1. 096 1. 45 23 . 0 . OG3 

- -- ·--------
1. :rn:1 t. 338 1. 39 27 . 70 . 050 

-- -3 --r ---
1. 587 1. 477 1. 16 30. 00 . 038 -=~,- -- -- --

2. 101 1. 95 7 No T o pe She e t 

-=~;~J ----- ---
2 54G 2 . 36 7 1. 078 43 . 20 . 025 

-6 5. 400 __2_._027 _ 1. 320 G2 . 0 I 021 
-- - ----

12 -DII- 9-
, I 

50-7 . 696 o. 648 1. 94 11. 50 I . 169 

12- JJ F-0-_ -- -- ---

-------- ---- - - - - - --- ----- I -

-- -
70-1 50% 1. 538 1. 295 1. 62 18. 75 I .086 o. 460 

--- - t - 2 1. 914 1. 635 1. 78 25 . 0 . 071 . 0. 45G 
-- -- - ----- ------
- 3 2. 738 2 . 311 1. 68 32 , 05 052 o. 449 
-- - -- -

- 4 3 . 252 2. 744 1. 39 37. 00 . 038 0. 449 
- --- -

- 5 3 . 783 3. 179 1. 166 40 . 8 . 029 o. 455 
- --------

I 
---

-6 4 . 409 3 . 712 1. 188 44 . 70 027 0 . 451 

I 
------ - - -- -

I 
-7 5. 509 4 . 639 . 99 51. 00 . 019 I o. 450 

-- --- --- - ·- · - ------·-- - - - - -- ------------- ----- ------- --- . ------·-··------------- ----
-8 7. 717 G. 472 . 704 58 . 50 . 012 0 . 456 

---·· .. -- ---------·· ·---· ------ - -- - ·•·· -- -------- - ------ ------------ ---------- . . ------ ---- --- - ---- ------
-9 __ 2 . 5~~ 2. 137 o. 435 

- --·--- - -- ------- ----------- - -- ---- ------· -
I 

J 2_- B F_:_19_ 
----------1·-------------------- ---------- ----- -------- ------ ---·------· ------- . --- ---- - --- ----------------- ----- -------- -

-:2Q_- _l_ -- 20o/o ___ _j_ ___ • __ 27_5 _ _ . _274 __ 1. 035 4. 05 . 256 o . 052 
-------------- ------- --------- ···-- . ----------· 

-2 . 45 7 45G 1. 086 14 . 50 . 075 o. 053 
- -- --·--------·- · ---------- --- ---- -- - -- --·-·---- ·--·-- - - ··-·- - · ---------- ------ -----· ---· - ---··------

') 
-.J . 598 59G 1. 202 21. 20 . 057 o . 053 

-··- - - --- ··-------· ----· -- - ·- -------· -··------------ --- --------- ·------------- ----·- - --- -- -·-·-- -- --------
- tl . 707 705 1. 086 25 . 70 . 042 0 . 05-1 

--- -- ·- ·- -- ·- . - . - ·-· - - ... ·-. ·--- -- . - -··- -- - -· ·- -- ------·- ···-··-··- - ----- --------- ----•-·-·•- ----- --·-·---·--·- --·--·----·-- -·--·- --- ---- . - -- -----·--
-5 . n:rn u:rn 1. OGO 30 , 00 036 0 . 05 ·l -- ·- - ---- ----- - . ·- -- ·- - -- •------ . . ---- -----·--- ----·--·- - - --- - -------·--- - . .. --·-· -- -- -- ----·- -- . 



PARAMETER SUMMARY SH E .ET - c ,;ntinue d : 

-- - - .. -- --- ·- -- - ··------,- - --,·--- -...,.----- ---·-- ·- - -------

Hun No . 
-Valve 
Opening K 

Dynamic 
P res s ure 

M ean 
P ressure 

Dynamic Pre s sure 
--:rvJ.ean P ressure 

C = 
d 

Q 

Avii)i 
- - - - -----·----f------- ----- 1----- - - --------------------------

1 '.>DF- 10-20-6 20% 1. 088 1 , 085 • 919 36 , 90 . 025 0 , 055 
- - --1- - ----i --- - --1------- - ---------------- --- ----·. -- - --

__ ... _______ -__ 7, __ 1--------J--=-"'--"-=-- - f--=-"---'=-==---1----~·- 1~-~--0~--,- - ~~~- - - -----·~0_11 -------- 0 •. 0 5~5:;__ __ _ 1. 3 8 7 1 3 83 4 2 . 80 

- 8 . 40 0 . 005 o. 05 4 I 1. 66 0 1. G5 6 8 7 . 80 
--------------------t-------- ------------· - ----- - ---

- 9 1. 98 5 1. 979 , 3 75 51-. 70 , 007 0 . 054 
. ------------1----------- ---·!---------------- - ---------

-1 0 
. - -· ·-------- - ------ ___ 2 . 20_8 2 , 20 0 54 . 30 . 006 0 . 054 ---~------ - ----,--- ---- - ---

- 11 2 . 42 2 2 . 4-lL 5 G. ,10 I , 006 0 . 052 --
I 

-------+-- - - - - - --------- . ..------ --------- ------------
1_2 - DF-11-50- 7 __ 50%___ 2 . 01 _ 1. 9 72 , 836 50 . 7 . 016 o. 145 --- - ----

-_ -_ -_- _--_-_-~: 8_9 ___ ........ ~~~:~----~--......,1~:_:_~_:_: ___ :_:_:_~_:_, ___ : : ~ : __ , ___ : :_<_! __ =t ___ :_~-~-:=========---=----_--___ · ~-: ~-:-:~==--==-
- 10 5 , 063 4 . 969 ,684 68 . 9 . . 010 0 . 148 

----------------------- ----,-- ------ -+-------- - ----
_____ '-11 ----------i __ l _. 0 __ 8_ 2 ___ __ 1_._Q_~_l _ _,_ ___ 1_._4_9_9 ___ ,_ ___ 3_3_. _3 __ _ ___ -._0_4_5 ______ __, _____ 0 __ . 14 _7 ___ _ 

- 12 1. 28 7 1.262 1. 432 3 8 . 3 . 037 0 . 144 

-1 3 1 , 60 7 1.576 1 , 1 4 4 43 . 8 . 026 I 0 . 144 
---- - ------------ -------•- ---- - - --•-- ---- -,--- - I 

- 1 4 _ ___________ :_~~ 8 __ ~ -~--?_?_4_ ____ 1_._8_~~-- __ 2_4 . _3 ________ _!_Q_7_5 __ ______ 1 ____________ o_. 14_7 ________ _ 

_ _ _ ------~--15 __ ----------- ---- · 526 __ ____ 0. 5_1_5 ______ _ 1 . 7 65 --- ___ 1_5 . _8 _____ __ _________ ._1_12'-------- --------- 0 . 1,17 _____ _ 

-- -------~!_? ___ ------- _ __._4 1~-,~ 408_ 1 . 7?.J_ _ _ - - -~1__._1____ . 152 ____ _____ ___,0~L45. __ _ 

---- -----·-·---- _________ {_ ________ ---· ·-·------···-- ·- ·---------- ----------- --------- - - ----- •·---------- ------ ----, 

-- -- -------- ·--------- ------- -------- ------------ ·- -·-----·----·--·--·- --- -----------·-----·-- ------ ---- -------- ··--------· 

- - ... - ------ - - -- ------------- --- ·--- ------ ----- -------- - ----------------- ------------ -- ---- ------------------------ ---- -------- -- --------------- -



Ai:Pendix B Plots 

1) Hydrophone O..itput vs K (20 and 50 percent 
opening - air injection , wa:er bypass , a nd 
orifice twenty four-inches ·.rpstream from 
test valve). 

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

3) Vert ical Vibration vs K (20 and 50 percent 
opening - air injection, wa:er bypass , and 
orifice twenty four - i nc he s ·.1pstream from 
test valve). 

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

5) ~H vs Q vs ~ vs cavitating or non ­
c avita ting conditi ons . 
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1 -l .----.---....--......... ---,.--~---.----,,----- - - ------ - ----- ------ ·------------, 

Hydrophone Output vs K 

1 :2 

12" Williamctte Ball w / 24" 'Expansio n 

T . V.O. 20% 

BW 10 - 200 KC 

10,---1---+----+---+-- -+-- -+-- -t---~--+----+-- -1-- -t--~ 

So.mp le Point 

Q Normal 

Cg 

- 8 -+-----+----1----,---+---f----l---~----+---+---l---t---l 

Do 

D Willt 11 11 orifice 24 " upstream 

from valve 

- . ~~;.O~l.,,__-t----t----1---1---t---l------t----t---l----t---l---t---,.-----,-----.--------,---,----r-------i 

□ 
D 

!----l---.+------J,[=· '.f-1 --c=---·t--- -t--- -t-- --+---t---r----t---+----l----+---t--- -t---11----1---1---t-- ---1 · o 
D 

'± :---+---l---l-•l:J>-----+---1 ---+----+----f----+---l---l-----l---+----l----+----r---t---J---t 

j---t---+----l----t-- - 1---+-----+----c-·l-----+---!·--+--- l---l----+---r--- -+---1---+-----t----t 

Q 0 
cu □ c l-----+--- •- --1----l----

0 , __ _ 
Cb Q) I 

() -----~-- ---- - -----''------'----'----'··1~_Q...,_8=· __ __.__CJ)_, ___ ._QJ_._ _ _,_e=l--'-- --'----..__ _ __,_ _ __, _ _ ~ - -

1 2 ') 
J 1 ;, G 7 8 D 10 

t( 
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-

0 CD 
G() 

1 

([ 
------

cv 
5 I' . 

.\. 

0 
G 

.. 

12 II Wil iiarn.ette Ball ,v / 24" Expansion 

T . V.O. 50% 

B W 10 - 200 K C 

Sample I oint 

Q Normal 

(DAir iojected in right side 

0 0 
'I B 10 



'J 
r: 
0 

, .. 

') 
,) 

l 

0 

r--

l 
I 

0 
u 
j ) 

0: 

Q) 

6 

1 2 

Hydro pho ne Ou tput vs K 
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Hydrophone Output vs K 
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6 H vs. Q vs. Hd vs. cavitating or non-cavitating conditions . 
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Appendix C Velocity Traverses 
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Appendix D Q vs .6H C alibration 
(Volumetric T est Stand) 

Q vs .6H C alibration 
(In - sit u calibrat ion with t\ve:ity four-inch downstream 
expansion) 
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Append~ E P hotographs 



~• A.._, ... .-, .... -".•-,,-_- ... ~ ......... 
I Horscfoofh Res. 

Photograph 1. 

Phot ograph 2. 

I /...in. __ ... - -~~ 

·', 

Nearby Horsetooth Reservoir provic:.es water 
s up ply t o the Hydro -2\/Iachinery Laboratory 
thr oug h a twenty s ix - inch supply line. 
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Vert ic al and Horizon'.:al Velocity Trave:-se 
Ports we re l ocated d wnstream fro!n 
expans ion (n ote pressure transducers in 
bot tom of p ipe) . 
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P hot ograph 3. View of accele:::'.'ometer on a ownstream 
flange and hydrophone in six - inch 
transition s e ction. 
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P hotograph 4. Potentiomete r m ounte d on shaft of Butterfly 
Valve t o indicate op er.ing percentage (note 
a ir inje c tion s tem) . 
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Photograph 5. Slight amount of d amage on 
upstream side of Butterfly 
Valve leaf ( noted on left 
side only). 
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Phot ograph G. Slight am ou nt of damage on 
downstream side o[ rnet::.1 
s eat ( noted on left side only) . 



Appendix F Transducer and V ibration Meter Informaticn 
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J:ype 

Flush mounting 

Location 

pl 
P2 
P3 
P4 
P5 
p6 
P7 
P3 
Pg 
P10 

Type 

1553-A 

TRANSDUCER AND VIBRATION 

METER INFORMATION 

Hydrophone 

Number 

LC-70 

Pressure Transducers 

Pressure 
Model or Range 
Type (psi) 

APT-25-2C 0-200 
APT25-2C 0-200 
4-312-0001 0-150 
4-312-0001 0-150 
-APT25-2C 0-200 
4-312-0001 0-150 
4-312-0001 0-150 
APT25-2C 0-200 
APT25-2C 0-200 
4-312-0001 0-150 

Vibration Meter 

Acceleration Range 

0. 3 to 300, 000 in/ sec 2 

(peak to peak) 
0.1 to 100,000 in/sec 2 

(average) 

Serial 
Number 

317 

Serial 
.Number 

32632 
32634 
26290 
2483 4 
32633 
2132 9 
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, Massa chusetts 
CEC, Consolidated Electrodynamics .Corp., Transducer Division, Manrovia, 
California. 
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