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PREFACE 

The Engineering Research Center at Colorado 
State University is located between two lakes , Horse 
tooth Reservoir of t he Colorado Big Thompson Pro
ject , and College Lake. T he laboratories of t he 
Center were strategi cally placed to utilize the high 
head, 250 fee t , available from the reservoir and 
the storage capacity of the lakes. The Center is 
the focal point for research and graduate education. 

The re are five principal parts to the Center: 
the offices for staff and graduate students , the 
hydraulics laboratory, t he fluid dynamics labora
tory , the hydromechanical laboratory and the out 
door hydraulics - hydrology laboratory. The re
search activities of the center are in fluid mechanics, 
hydraulics, hydrology, ground-water, soil mechan
ics, hydro-biology, geomorphology and environ
mental engineering. 

T he hydraulics laboratory includes 50, 000 
square feet of floor space in which basic and applied 
research activit ies are undertaken. The floor of 
the laboratory is constructed over a large s ump 
system , having one acre-foot capacity, which per
mits recirculation of water through t h e various re
search facilities . Generally, pumps are used for 
recirculation but the high head and large flow capa
city from the reservoir can also be utilized. A 
volumetrically calibrated s ump is located in the 
laboratory and is used for s pecial studies. T he 
calibrated sump has a capacity of 12, 000 gallons . 

T he C e nter includes well equipped machine 
and woodwork s hops. All research facilities of 
the Center are constructed on site and in the case 
of this study, necessary metal work and we ld ing 
were accomplis hed by personnel in the shops. 
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RESULTS OF THE TESTING OF A 12-INCH, STAINLESS STEEL, 
TWO-STAGE, DEEP-WELL, TURBINE PUMP 

by 

James F. Ruff(!) and Morris M. Skinner( 2) 

Introduction 

The purpose of this study was to estab lish 
head-capacity, efficiency, and horsepower curves for 
a 12-inch stainless steel, two-stage, deep-well, tur
bine pump utilizing certain impeller types, and sump 
configurations. Three types of impellers were tested 
and two sump configurations used. 

1. "Standard Impeller - polyethyl ene type 
wear rings" with sump boundary located 24 inches 
from centerline of pump. (A Runs). 

2. "Standard Impellers - polyethyl ene type 
wear rings" with sump boundary located 11 inches 
from centerline of pump. (B Runs). 

3. "Polished Impellers - cast iron wear 
rings" with sump boundary located 24 inches from 
centerline of pump. (C Runs). 

4. "Oversize Impellers - cast iron wear 
rings" with sump boundary located 24 inches from 
centerline of pump. (D Runs). 

5. "Standard Impellers - cast iron wear 
rings" with sump boundary located 24 inches from 
centerline of pump. (E Runs). 

6. "Standard Impellers - cast iron wear 
rings" with sump boundary located 11 inches from 
centerline of pump. (F Runs). 

7. "Standard Impellers - cast iron wear 
rings" with impellers lowered to O. 093 inches 
clearance from bottom of bowls and with sump 
boundary located 11 inches from centerline of pump. 
(G Runs). 

8. "Standard Impellers - polyethylene type 
wear rings" with sump boundary locate d 24 inches 
from centerline of pump. (H Runs). 

9. "Standard Impellers - polyethylene type 
wear rings" with sump boundary located 24 inches 
from centerline of pump and performance measure
ments made after 8 hours of continuous operation. 
(I Runs). 

The "Standard Impellers" refer to that 
impeller type in use, prior to this test, at Bingham 
Canyon p'recipitation plant of Kennecott Copper 

Corporation. The impeller is 14. 250 inches in diame
ter. A photograph of the impeller is shown in Fig. 1. 

The "polished impellers" refer to a slight 
modification of the standard impeller design in that 
the radius of curvature of each vane was decreased 
in order to provide a slightly larger exit port area. 
The increased port area was approximately O. 25 
square inches larger. In addition, some effort was 
made to decrease the roughness of the interior of 
the ports by grinding. 

The "oversize impellers" were 14. 700 inches 
in diameter. The thickness of the web was some
what greater than in the standard impeller. A 
photograph of the oversize impeller is shown in 
Fig. 1. 

E ither cast iron or polyethylene type wear 
rings were installed. Cast iron wear rings were 
used in Runs C, D, E, F, and G; Polyethylene type 
wear rings were used in Runs A, B, H, and I. 

The sump boundary was simulated by placing 
a sheet metal box, open on one end, as shown in 
Fig. 2. The spacing between the back side of the 
sheet metal box and the centerline of the pump wa3 
adjusted to either 24 inches (configurat ion A) or 
11 inches (configuration B). In configuration B, 
the sump boundary was placed directly against the 
outer edge of the bowls. 

Certain additional qualitative information 
was recorded during the course of the investigation: 

1. Approach velocities in the sump area 
immediately in front of the pump intake. 

2. Water surface stability and possible 
vortex formation in the sump. 

Test facility - A schematic diagram of the 
test facility is shown in Fig. 3. Photographs of the 
facility are shown in Fig. 4. The sump configura
tions used are shown in Fig. 2. 

The pressure head on the pump was 
established by measuring the pressure at a point 
20 feet downstream from the face of the flange on 
the discharge elbow of the pump. This location is 
shown in Fig. 3. The pressure was measured with 
a mercury manometer and checked with a calibrated 

(1) Junior Civil Engineer, Civil Engineering Department , Colorado State University 

(2) Ass i stant Professor, Civil Engineering Department, Colorado State University 
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Photo 1 - Over-all view of pump test layout 

Photo 3 - L ower end of test facility wi th 
di vide r box into sump and mano
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Photo 2 - Control valves, manometer 
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manometer in background 
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Fig. 4 Photographs of Test Facility 
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Bourdon pressi.:re gage . Pressure gages were also 
installed at locations downstream from the valves as 
indicated in Fig . 3 to establish the back pressure 
on the control val ves . 

The wat=r level in the sump was measured 
with a point gage and referenced to the centerline of 
the pump dis charge pipeline . Tr_e distance between 
the pipe cente r_ine and the water surface, denoted, 
hs , is shown in Fig. 3 . During the actual test runs 
the level in the main sump decreased on the order of 
0 . 2 of a foot. This decrease was the result of 
diverting the flow from the main sump system into 
the volumetric&.lly calibrated sump . 

The flow was diverted into a volumetrically 
calibrated sump as shown in Fig . 3 . The divider 
operated hydraulically and was activated by a push 
button which also started a clock to time the diver
sion period. A push button also activated the return 
cycle of the divider and stopped t he clock. The 
discharge was determined from the difference be -
tween the initial and final volumes and the time 
interval recorded on the clock. 

The power :.nput to the motor was measured 
with a Westinghouse Industrial Analyzer. The 
nomenclature f.:>r this inst rumen: and others des cribed 
hereinafter are given in Appendix A . The anal yzer 
measu red line : o line voltages , the line currents, 
power factor , 2.nd power input in watts . Potential 
transformers and current coil s were used to reduce 
the voltages anj amperages to values compatible 
with the analyz =r . The polyphase voltmeter in the 
power line was read and used as a check for the 
analyzer . The calibration of the analyzer was 
checked upon c-orr:pletion of the tests . 

The motor 3peed was determined using a 
magnetic trans:iucer, a 60-tooth gear attached to the 
motor shaft, and a:1 el ectroni c counter . By using a 
60 - tooth gear, a direct reading of the motor's rpm 
was determined from the counte::- . A strobotac was 
also used as a check on the pump speed. 

Test Procedure 

The ger_eral test procedure consisted of 
adjusting the control valves to give a certain head 
on the pump aod a corresponding dis charge . The 
first test point was always near the maximum capa 
city of the pump. The head was then increased 
between successi,,e points until t he maximum head 
at shut - off was achieved. Complete shut - off was 
not required fer c.11 tests . 

The ini: ia: volume in the sump was recorded 
and then t he flow discharging from the pump was 
dive rted into the calibrated sump for a pe r iod of 
time ranging f::-om about two minutes (minimum) to 
about five minutes (maximum). During this diver
sion time, the instruments were read and recorded. 
At t he end of the time interval, the flow was diverted 
back to the main sump system for recirculation to 
the pump intalre . (See Preface fer s ump capacities) 
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For the first series of test runs (A Runs), 
the velocities at the entrance to the sump were 
measured with an Ott current meter . The meter 
was located at the entrance to the simulated sump 
boundary, mid-way b e tween the sides, and one foot 
above the floor of the sump . Other miscellaneous 
items recorded during the course of the tests 
included barometric pressure, motor temperature, 
and motor vibrations . 

Results 

The pump speeds for the s e rie s of tests 
varied between 176 9 rpm and 1789 rpm . Correction 
factors were applied to the values of discharge, 
head, and power to relate these values to a pump 
speed of 1770 rpm . The correction factors are a 
function of the ratio of 17 70 rpm to the actual speed 
of the pump, n , in rpm to a ce rtain power. 
Discharge is a function of the ratio to the first power: 

Q = f [( 1 ~70 ) ] . 

The head is a function of the ratio to the second 
power: 

The power is a function of the ratio to the third 
power: 

The basic data and calculated values for the 
pump tests are listed in t he table in Appendix B. 
Definitions and cal culation procedures for each 
entry in the table are defined as follows: 

1. hs - the distance in feet from the water 
l evel in the sump to the centerline of the discharge 
pipe. 

2 
2. r - the velocity head in the discharge 

pipe expres~d in feet. 

3 . hg_ - head loss in the 20 feet of 12 - inch 
pipeline between discharge side of the pump and 
the manometer pressure tap. 

4. h - pressure head measured at the 
centerline of discharge pipe 20 - feet downstream 
from the pump. Measurements were made with a 
mercury manometer and converted to feet of water. 

h 
s 

5. H - total head equaling the sum of 

y2 
+ 2g + 

6. Q - discharge measured in the vol u 
metrically calibrated sump (gaLons per minute). 



7. Speed - speed of pump shaft, in rpm, 
measured with an electronic counter. 

8 . Q (corrected) - measured discharge 
corrected to a pump speed of 1770 rpm . 

9. H (corrected) - total measured head, 
H , corrected to a pump speed of 1770 . 

10. Water horsepower (corrected) -
Q (corrected) multiplied by the specific weight of 
water at 80°F (62 . 2 #/ft3) multiplied by H (cor
rected ) and divided by 550 . 

11. Brake horsepowe r - power input to the 
electric motor (watts) multiplied by the efficiency 
of the electrical motor for that particular load 
divided by 746 . 

12. Over- a ll efficiency - the ratio of water 
horsepower (corrected) to brake horsepower . 

The head- capacity, efficiency, and horse 
power curves are given in Appendix C for each 
series of runs . The curves are related to a pump 
speed of 1770 rpm . 

Approach velocities, measu red with the Ott 
current meter, are given in Appendix D . Maximum 
approach velocity was O. 51 feet per second. T he 
water s u rface was qu ite stable th roughout all 
tests and no visibl e vortex format ion was evident . 
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Barometric pressures, motor temperatures, 
and vibr&tions are listed in Appendix D. The baro 
metric p::-essure was the pressure recorded at the 
Colorado State University Weather Station at 8 :00 A.M. , 
on the dates given, and corrected to the el evation at 
the test facility . The vibrations recorded were the 
peak- to - peak hori zontal displacements in t hou sands 
of an inch of the motor measu red in the pl ane forme d 
by the pump, motor, and pipeline . 
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APPENDIX A - INSTRUMENTATION 

1. Westinghouse Industrial Analyzer - Type TA 
Serial No. 2287382 - NBS 114461 

2. 

a. Ammeter 5- 25 - 125 amps 
b . Voltmeter 115 - 230-575 volts 
c . Wattmeter (calibrated by Ball Brothers -

Standards Laboratory, Boulder, Colorado 
June 1967, and verified to be + 1% 
accuracy 

d . Power factor 

Current Tra:isformers 

Weston Model 461 #10507 #13517 

Type 1 1 
Capacity V - A 5 5 
Frequency 25 - 133 25-133 
Line Volts 2500 2500 

10 

3 . Westinghouse Potential Transformers 
2400-120 Volts 

4. Strobotac - General Radio Model 1531 A 

5. Ott Meter - #12460 W /P 2- 3 

6. Electro-Tee Magnetic Transducer 

7 . Hewlett-Packard Electronic Counter 
Model 52 1 A 

8. Westinghouse Polyphase Wattmeter 
2 

Meter constant = 3 WH/ rev. 
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...... 
"" 

Run 

A-I 

A-2 

A-3 

A -4 

A - 5 

A - 6 

A-7 

A - 8 

A-9 

A - 1 O 

A -1 1 

A -12 

A-13 

A - 14 

A - 15 

B - 1 

B-2 

B - 3 

h 
s 

(Feet 

4 . 46 

4.47 

4 . 46 

4.46 

4.45 

4. 46 

4.43 

4. 38 

4. 33 

4.22 

4 . 21 

4. 18 

4 . 12 

4 . 44 

4.4 3 

4. 34 

4.09 

4.08 

v2 

Zg 
(Feet) 

2. 11 

2 . 14 

2.04 

1. 74 

1. 64 

1. 28 

0.68 

0.85 

0.42 

0.25 

0 . 14 

0.06 

0.00 

2. 75 

2 . 83 

1. 89 

2. 16 

1. 67 

h 
~ 

(Feet) 

0. 68 

0. 62 

0.59 

0 . 5 1 

0.48 

0. 37 

0. 21 

0 . 26 

0. 1 3 

0. 08 

0. 05 

0. 03 

o. 00 

0. 78 

0.81 

0 . 55 

0.62 

0 . 49 

PUMP PERFORMANCE DATA 

h 
p 

H Q 

(Feet) (Feet) (gpm) 

271.40 278. 87 4317.09 

282. 19 289.42 4133.62 

286. 33 2 93 .42 4038.26 

299. 78 306.49 3722 . 45 

303 . 38 309 . 95 3626. 11 

3 1 6. 55 322 . 66 31 94.42 

331. 15 336 . 47 2335.03 

32 7. 01 332 . 50 2601.03 

338 . 55 343.43 1835. 51 

34 3. 5 1 348. 06 1414.66 

348. 19 35 2. 59 10 53 . 30 

35 3. 90 358. 17 718.89 

36 5. 98 370. 10 0 

244.44 252.41 4685. 15 

206 . 14 214.21 4755. 74 

290. ,, 296. 78 3888. 03 

280. * 286. 87 4151. 34 

300. ~' 306. 24 3648. 94 

Speed 

(rpm) 

1772 

1772 

1770 

1769 

1769 

1769 

177 3 

1774 

1774 

1775 

1776 

1777 

1779 

1772 

1772 

1775 

1 771 

1 772 

Q 
Corrected 

(gpm) 

4312. 35 

4129 . 08 

40 38 .26 

3724. 68 

36 28.29 

3196 . 34 

2331 . 07 

2595.06 

1831. 30 

1410. 71 

1049. 73 

716.03 

0 

4680.00 

4750 . 51 

38 77. 1 7 

4148.85 

3644 .9 3 

H 
Corrected 

(Feet) 

278.26 

288. 78 

28 3. 4L 

306.86 

310. 32 

32 3. 05 

335. 33 

330.98 

342 . 64 

346 . 12 

350 .21 

355. 33 

366. 36 

251.86 

213. 74 

2 95 . 1 3 

286.53 

305.57 

~' hp measured with Bourdon gage 

Wd[t,J 

Horsepower 
Corrected 

302 . 37 

300.47 

2 98 . 58 

288.01 

283. 72 

260. 19 

196.97 

216.43 

158.64 

12 3.04 

92 .64 

64. 11 

0 

2 97. 02 

255.86 

288.34 

2 99.55 

280 . 66 

Drake 
HorsPpnwP.r 

380. 4 

376. 9 

373. 9 

366.4 

361. 9 

345 . 4 

304. 5 

31 7. 6 

279 . 9 

261. 4 

248. 9 

237. 9 

214. 0 

377. 9 

355. 5 

370 .4 

374.4 

360. 9 

O vcr-ull 
Rffi~ iP.ncy 
(Percent) 

79 . 5 

79 . 7 

79 . 9 

78.6 

78.4 

75 . 3 

64. 7 

68 . 1 

56.5 

47. 1 

37.2 

26.9 

0 

78 .6 

72 . 0 

77. 8 

80.0 

77.8 



PUMP PERFORMANCE DATA - Continued 

h 
v2 

hQ h Speed Q H Water Brake Over- all 
s 2g p H Q. 

Corrected Corrected Rorsepower Horsepower Efficiency Run (Feet) (Feet) (Feet) (Feet) (Feet) (gpm) (rpm) 
(gpm) (Feet) Corrected (Percent) 

C-1 3. 86 2. 51 0.72 218.50 225 . 59 4473 . 83 1778 4453 .7 9 223.58 250 . 92 369 . 4 67 . 9 

C-2 3. 84 2. 51 0.72 230.32 237 . 39 4475 .1 8 1777 4457 . 35 235 . 51 264. 52 38 2. 9 69 . 1 

C-3 3. 82 2.51 0.72 245.25 252.30 4478 . 82 1776 4463.64 250. 60 28 1. 87 39 1. 4 72. 0 

C- 4 3. 85 2. 50 0 .7 2 262 . 64 269 .71 4466 . 52 177 5 4454 . 05 268.21 30 1. 03 41 1. 3 73. 2 

C-5 3. 82 2.43 0 .70 280 . 97 287. 92 4409 .77 1774 4399 . 65 286 . 60 317 .74 416 . 3 76. 3 

C- 6 3 . 81 2.30 0 . 67 293 . 33 300 . 11 428 9. 31 1774 42 79. 47 298 .74 322 . 15 4)6 . 3 77.4 

C-7 3. 85 2. 06 0 . 60 306 . 82 313. 33 4054 . 25 1774 4044. 95 31 1. 90 317. 91 410 . 9 77.4 ..... 
w 

C- 8 3 . 84 1. 72 0 . 50 321. 81 327 . 87 3706. 39 1775 3696 . 04 326 . 04 303 . 66 395 . 9 76.7 

C- 9 3. 85 1. 50 0 .43 330 . 27 336 . 05 3463 .7 9 177 6 3452 . 05 333 .78 290 . 34 387. 9 74.8 

C-1 0 3.78 0. 00 o. oo 375.62 379.40 0 1788 0 371. 78 0 218. 5 0 

C-11 3.7 8 0.45 0 .1 4 349 . 62 353 . 99 1900 . 27 1783 1886 . 50 348 . 86 165 . 84 300 . 0 55 . 3 

C- 12 3. 83 2.30 0 . 67 30 1. 41 308 .21 4288 . 29 177 5 42 76. 32 306.49 330 . 26 416 . 3 79. 3 

D-1 3. 69 2.2 9 0. 67 237.65 244 . 30 4283.68 1778 4264.49 242.12 260. 18 391. 9 66 . 4 

D-2 3. '/4 2.2 9 0 . 67 254.35 26 1. 05 4281. 93 177 6 4267 . 42 259.2 9 278 . 82 396 . 3 70.4 

D-3 3. 7'.) 2.28 0. 66 26 9. 43 276 . 07 4267 . 21 177 5 4255.30 274.53 294. 37 401.4 73. 3 

D- 4 3.72 2. 25 o. 66 283 . 01 289 . 64 4239 . 76 1774 4230 . 03 288.31 30 7.31 408. 8 75 . 2 

D- 5 3.74 1. 92 0 ,5 6 308 .27 314.49 3914.7 4 177 5 3903 . 81 312.7 4 30 7. 64 406 . 4 75.7 

D-6 3.70 1. 63 0 . 47 322 . 93 328. n :lfi04. 51 177 5 3504 . 45 326 . 90 296 . 09 393 . 9 75. 2 



.... 

.i:,. 

Run 

D- 7 

D- 8 

E -1 

E - 2 

E - 3 

E - 4 

E - 5 

E - 6 

E -7 

E - 8 

E - 9 

E - 10 

F -1 

F - 2 

F - 3 

h 
s 

(Feet) 

3. 70 

3 . 71 

4. 19 

3 . 88 

4. 22 

4.1 4 

3. 88 

3. 87 

3. 86 

3. 86 

:I. 8~ 

3. 86 

3. 83 

3. 83 

3. 80 

V 
2g 

(Feet) 

1. 30 

2. 20 

2. 79 

2. 76 

2. 61 

2. 33 

1. 93 

1. 64 

0. 95 

o. 15 

0 . 00 

2. 15 

2. 29 

2. 13 

1. 89 

h_i,_ h 
p 

(Feet) (Feet) 

0 . 38 336 . 65 

0 . 63 291. 56 

0.7 9 210 . 49 

0 .7 9 232 . 49 

0 . 75 253 . 54 

0 . 67 269 . 84 

0 . 57 287. 62 

0 . 48 300 . 05 

0 . 28 321. 91 

0 . 06 344 . 53 

o. oo 365 . 30 

o. 63 278. 87 

n. fi 7 271. 26 

0 . 62 278.93 

o. 55 289 . 25 

PUMP PERFORMANCE DATA - Continue d 

H Q 
Speed 

(Feet ) (gpm) (rpm) 

339 . 0~ 3227 . 60 177 5 

298 . 10 4192.04 1774 

218. 26 4723 . 20 17 80 

239 . 92 4700 . 23 177 9 

26 1. 12 4564. 99 177 8 

276 . 98 43 11. 85 177 8 

294. 00 3927. 37 177 9 

306 . 04 36 13. 84 17 79 

327 . 00 2749 . 19 1782 

348 . 60 11 64. 64 1787 

369.1 5 0 1789 

285 . 51 4147 .71 177 8 

278 . 05 4277 . 74 1778 

285 . 51 4122 . 20 1778 

295 . 49 3888 . 02 1778 

Q 
Corrected 

(gpm) 

3218 . 59 

4182 . 42 

4696 . 43 

4676 . 38 

4544 . 54 

4292 . 53 

390 7. 44 

3595 . 50 

2730 . 62 

11 53 . 57 

0 

4129 . 13 

4258 . 58 

4103 . 73 

3870. 60 

H 
Corr ected 

(Feet) 

33 7. 14 

296 . 74 

215. 80 

23 7. 50 

258 . 79 

274. 51 

291. 03 

302 . 95 

322 . 61 

342 . 00 

36 1. 38 

282 . 96 

275. 57 

28 2. 96 

292. 85 

Wate r 
Hur::;1::µuwer 
Corrected 

273. 43 

312. 74 

255 . 38 

279. 86 

296 . 35 

296 . 92 

286 . 55 

274. 48 

22 1. 98 

99 .41 

0 

294. 41 

295 . 71 

292 . 60 

285 . 63 

Brake 
IIorscpowc r 

396 . 3 

411. 3 

377 . 9 

370. 9 

374. 4 

372. 9 

368 . 4 

35 7. 0 

324. 6 

252 . 4 

208 . 5 

370 . 9 

373. 4 

370. 9 

363 . 9 

Over- all 
Effici ency 
(Percent) 

69 . 0 

76. 0 

67. 6 

75. 5 

79. 2 

79. 6 

77. 8 

76. 9 

68 . 4 

39 . 4 

0 

79 . 4 

79. 2 

78. 9 

78. 5 



...... 
LJl 

Run 

G-1 

G-2 

H-1 

H-2 

H-3 

H - 4 

H-5 

H - 6 

H - 7 

H - 8 

H - 9 

H-10 

H - 11 

I-1 

I-2 

I-3 

I-4 

I-5 

h 
s 

(Feet) 

3. 81 

3.80 

4.00 

3.71 

3. 72 

3. 72 

3. 72 

3. 71 

3. 7 3 

3. 72 

3 . 71 

3.81 

3. 70 

3. 73 

3. 74 

1. 7, 

3 . 74 

3. 72 

v2 

2g 

(Feet) 

1. 97 

1. 72 

2. 79 

2.62 

2. 35 

2. 16 

1.91 

1. 64 

0. 97 

0.52 

0. 1 3 

0.00 

1. 76 

2. 78 

2.63 

2. 30 

I. 93 

I. 68 

h 
£ 

(Feet) 

0. 5 7 

0 . 5 1 

0. 79 

0. 75 

0. 68 

0. 63 

0. 56 

0.48 

0. 29 

0 . 16 

0. 50 

0. 00 

0 . 52 

0. 79 

0. 75 

0. 66 

0. 57 

0.49 

PUMP PERFORMANCE DATA - Cont'd. 

h 
p H Q 

(Feet) (Feet) (gpm) 

287. 15 293. 50 3962.54 

297. 27 303. 30 3707. 38 

238. 19 245. 77 4720. 35 

256. 53 26 3. 6 1 4572. 84 

2 71. 06 277. 81 4330. 71 

280 . 43 286. 94 4152.84 

291. 22 297. 41 3909 . 06 

302. 50 308. 33 36 15.20 

323 .2 0 328. 19 2782.07 

335. 15 339. !)!) 2042.52 

34 7. 78 352. 12 1021.80 

365 . 64 369 . 45 0 

297. 74 303 . 72 3753. 35 

231. 40 238. 70 4711. 62 

255.24 262. 36 4581.74 

27 3. 09 27 9 . 78 4290.81 

2 90 . 27 296. 5 1 3932.85 

301. oo 306 . 89 Joo4. !J4 

Speed 

(rpm) 

1778 

1778 

177 9 

177 7 

1777 

1778 

1778 

177 9 

17 82 

17 84 

1787 

178 9 

177 9 

1778 

1777 

17 7'1 

1778 

1778 

Q 
Corrected 

(Fee t) 

3944. 79 

3690. 77 

4696.40 

4554. 62 

4313.46 

4134.24 

3891. 55 

3596.86 

2763.28 

2026. 5 1 

1012. 08 

0 

3734. 31 

4690.51 

4563.49 

4273. 72 

39 15.23 

3648. 52 

H 
Corrected 

(Feet) 

290 . 88 

300.59 

243.29 

261. 52 

275. 6 1 

284. 38 

294. 76 

305 .22 

32 3 . 79 

334.24 

345.45 

36 1.67 

300 . 65 

236 . 57 

260.28 

277.56 

293.87 

304. 15 

Water 
Horsepower 

Corrected 

289. 14 

279.55 

287.91 

300. 15 

299.57 

296.26 

289. 05 

276.64 

225.46 

170. 68 

88. 10 

0 

282. 9 1 

279.61 

299. 30 

298. 91 

289.93 

279. 63 

Brake 
Horsepower 

365 . 9 

36 1. 9 

378. 9 

381. 4 

380. 4 

375. 4 

370. 9 

361. 9 

326. 5 

290. 0 

247. 4 

211. 0 

363 . 9 

368.4 

380. 4 

375.4 

370.4 

36 1 . 4 

Over-all 
Effie ie ncy 
(Percent) 

79.0 

77.2 

76.0 

78. 7 

78.8 

78.9 

77. 9 

76.4 

69. 1 

58 . 9 

35. 6 

0 

77. 7 

75.9 

78. 7 

79. 6 

78. 3 

77. 4 
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APPENDIX C - PUMP PERFORMANCE CURVES 

Performance Curve s for a 12-inch, Stainless Stee l, Two - Stage, Deep -Well , 
Turbine Pump for Runs A and B , Corrected for a Speed of 1770 RPM • • • • 

Performance Curves for a 12-inch, Stainless Steel , Two - Stage, Deep-Well, 
Turbine Pump for Run C , Corrected for a Speed of 1770 RPM •••... 

Performance Curves for a 12-inch, Stainless Steel, Two - Stage, Turbine 
pump for Run D , Corrected for a Speed of 1 770 RPM • • • . . . • . . . 

Performance Curves for a 12-inch, Stainless Steel , Two - Stage, Deep-Well, 
Turbine Pump for Runs E, F , and G , Corrected for a Spe e d of 

1770RPM · · · • · · · • • · · · • • • • • • • • • • • · • • · • · • • · • · • 

Performance Curves for a 12-inch, Stainless Steel, Two-Stage, Deep-Well, 
Turbine Pump for Run H , Corrected for a Speed of 1770 RPM • 

Comparison of Performance Curves for Runs C, D, E , and H · 
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APP ENDIX D - M ISCEL LANEOUS DAT A 

1. Vel ocity measurement s at the entrance to the 
simulated sump boundary - ( measurements made 
with Ott meter ,I 12460). 

Run No . 

A - 1 
A - 2 
A - 3 
A - 4 
A - 5 
A - 6 

Velocity 
(ft/ second) 

0 . 51 
0 . 36 
0 . 34 
0.2 1 
0 .1 9 

2 . Barometric pressure (inches of mercu ry 
corrected to elevation of test stand) . 

Date P ressure 
(in . of H g) 

20 May ' 67 25. 120 
21 May '67 25.060 
22 May '67 24.955 
23 May '6 7 24.85 1 
24 May ' 67 24.742 
25 May '67 24.706 

3 . Motor temperatures and vibratory 
displacement 

Motor 
Temperature 

Run No . op 

Motor 
Vibrations 

Peak- peak absolute 
displacement in 

thousands of an inch 

A - 1 77 
A - 2 83 
A - 3 88 
A - 4 90 
A - 5 90 
A - 6 90 
A - 7 90 
A - 8 86 
A - 9 83 
A - 10 84 
A - 11 81 
A - 12 81 
A - 13 
A- 14 80 
A - 15 81 

B - 1 79 
B - 2 83 
B - 3 85 

26 

3 . (Continued ) 

Motor 
Run No . Tem2erature 

OF 

C - 1 89 
C - 2 92 
C - 3 92 
C - 4 93 
C - 5 94 
C - 6 95 
C - 7 96 
C - 8 97 
C - 9 97 
C - 10 96 
C - 11 96 
C - 12 96 

D - 1 80 
D- 2 89 
D - 3 92 
D- 4 96 
D - 5 100 
D- 6 100 
D - 7 101 
D - 8 102 

E - 1 84 
E - 2 90 
E - 3 96 
E - 4 98 
E - 5 100 
E - 6 102 
E - 7 102 
E - 8 100 
E - 9 98 
E - 10 96 

F - 1 100 
F - 2 102 
F - 3 102 

G- 1 108 
G - 2 108 

H - 1 82 
H - 2 89 
H - 3 94 
H - 4 98 
H - 5 102 
H - 6 103 
H - 7 103 
H - 8 103 
H - 9 99 
H - 10 99 
H - 11 99 

Motor 
Vibrations 

Peak- peak absolute 
displacement in 
thousands of an inch 

4 
5 
5 
4 
3 
4 
4 
4 
5 
4 
3 
3 

4 
6 
6 
4 
4 
2 
3 
3 

6 
6 
4 
4 
6 
4 
4 
2 
4 
4 

4 
4 
4 

4 
4 

4 
6 
4 
3 
3 
4 
4 
3 
3 
3 



3. (Continued) 

Motor Motor 
Temperature Vibrations 

Run No. OF Peak- peak absolute 
displacement in 

thousands of an inch 

I - 1 105 6 
I - 2 105 6 
I - 3 105 4 
I - 4 106 4 
I - 5 107 4 
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