
DOCTORAL DISSERTATION SERIES
Publication No. : 5375

AUTHOR: Donald Men Mackay, Ph. D., 1954 
University of Michigan

TITLE: THE FLOV OF SATURATED WATER AND 
OF COLD WATER THROUGH A VALVE

University Microfilms, Ann Arbor, Michigan



THE FLOW OF SATURATED WATER AND OF COLD WATER
THROUGH A VALVE

by

Donald Mackay

A dissertation submitted in partial fulfillment 
of the requirements for the degree of 

Doctor of Philosophy in the 
University of Michigan

1954

Committee in charge :
Professor R. Clay Porter, Chairman
Associate Professor Floyd N. Ca]boon
Associate Professor Glenn V. Edmonson 
Professor Robert H. Sherlock



THE FLOW OF SATURATED WATER AND OF COLD WATER 
THROUGH A VALVE

by Donald. B. Mackay
The object of this investigation was to determine and 

compare the flow characteristics of both saturated water 
and of cold water while passing through a valve . The 
importance of this problem may be judged by the difficul­
ties that have been encountered in the proper sizing of 
valves and orifices in processes where saturated liquids ■ 
must be handled.

A simple though effective apparatus was constructed 
in which a certain quantity of water was heated to the 
saturation point and then caused, to flow through a test 
valve. The flow rate was determined by the volume of 
fluid passing'through the valve in a given period of time. 
The valve had an orifice diameter of 0.?07 inch and was 
especially designed so that pressure and temperature 
measurements could be taken at the inlet section and at 
several stations in the discharge end. The valve body and 
plug were designed so that the valve lift could be changed, 
yet accurately pu itioned and measured for each test. Tests 
were conducted at several valve inlet pressures ranging up 
to 132 psia (348 F). Special thermocouples with an outside 
diameter of only 0.034 inch were developed and inserted into 
the water stream to measure its temperature.

Tae water was found to be in a me ta.s table state while 
passing through the restruction of the valve and, as a 
result, the flow was retarded by an amount which in turn 
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depended upon the extent to which the change of phase had 
been completed in the critical section. If little change 
had taken place, the flow rate approached that of cold 
water. In this investigation the flow of saturated water 
was found to be from 2 to 35 percent less than that of 
cold water for identical pressures. The reduction depended 
upon the valve lift and the head. The volume rate for the 
fluid passing through the valve was found to be Independent 
of the initial pressure. It varied only with the pressure 
drop effected in the valve when this pressure drop was 
expressed in an equivalent head measured in feet of inlet 
fluid. An appreciable recovery of the pressure drop across 
the valve restriction was observed for cold water but a 
negligible amount was found for saturated water.

As a result of this Investigation the performance of 
actual valves can now be more accurately predicted. How­
ever it is expected that the flow characteristics of 
saturated water through a given valve is influenced both by 
the size of the valve and by its configuration, and future 
work should be done to determine the magnitude of these 
effects.
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PREFACE

Th© object of this investigation was to establish a proce­
dure by which the flow characteristics of liquids passing through 
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tical explanation of the characteristics of flow through valves.

The author gratefully acknowledges all those who so 
generously aided in this investigation and wishes to express 
particular appreciation to:

Mrs. Donald B. Mackay for her encouragement and active 
participation in this research project.
Professor R. C. Porter, chairman of the doctoral 
committee.
Professors F• N• Calhoon, G• V• Edmonson, J• M. Nlckelsen, 
R. H. Sherlock, the other members of the doctoral commit­
tee for their interest and helpful advice.
Dr. D. P. Eckman of the Case Institute for his effort in 
coming to the University of Michigan to assist in setting 
up this project.
The Shell Oil Company for a fellowship grant which made 
this work possible.

ill



TABLE OF CONTENTS
Page

PREFACE...............................................Ill
LIST CF ILLUSTRATIONS.............................. V
SUMMARY..........  1
INTRODUCTION......................................... 3
PLOW TRE OR Y....................................  5
APPARATUS..............................................14
METHOD OF TEST......................................... 19
TEST RESULTS........................................... 22
DISCUSSION AND CONCLUSIONS............................ 24
RECOMMENDATIONS....................................... 33
APPENDIX 1 78
APPENDIX II......................................... ...
BIBLIOGRAPHY....................................  148

iv



LIST OF ILLUSTRATIONS
Figure Page

1. Comparison of the Weight Rate of Flow of 
Saturated and Cold Water for Valve Lift of O. 1465 Inches...................  35

2. Comparison of the Volume Rate of Flow of 
Saturated and Cold Water for Valve Lift of 0.035 Inches ...... ........  35

3. Comparison of the Volume Rate of Flow of 
Saturated and Cold Water for Valve Lift of 0.0745 Inches ...... ............. 37

4. Comparison of the Volume Rate of Flow of 
Saturated and Cold Water for Valve Lift of 0.1115 Inches .....................  38

5. Comparison of the Volume Rate of Flow of 
Saturated and Cold Water for Valve Lift of 0.1465 Inches ...... ............. 39

6. Comparison of the Volume Rate of Flow of 
Saturated and Cold Water for Valve Lift of 0.1825 Inches.... ;..................... ..

7. Comparison of the Volume Rate of Flow of 
Saturated and Cold Water for Valve Lift of 0.307 Inches.... ....................... ...

8. Comparison of the Volume Rate of Flow of 
Saturated and Cold Water when Valve Plug was Removed • .................  .....42

9. Flow Rate of Saturated Water Through Test 
Valve For a Number of Valve Lifts........43

10. Flow Rate of Cold Water Through Test Valve 
For a Number of Valve Lifts............. 44

11. Comparison of Flow Rate of Saturated and 
Cold Water Through Test Valve for a Number of Valve Lifts ..........................  45

12. Flow Rate of Saturated Water Through Test
Valve Plotted as a Function of Valve Opening .46

13. Flow Rate of Cold Water Through Test Valve 
Plotted as a Function of Valve Opening . . . .47

v



Figure Page
14e Comparison of Rate Flow of Saturated and Cold Water through Test Valve Plotted as a Function of Valve Opening .......... 48
15. Comparison of Flow Rate of Saturated and 

Cold Water through Test Valve Plotted on Logarithmic Coordinates .............. 49
16. Value of the Slope m for Saturated and Cold Water................................... 50
17. Flow Coefficient eb for Saturated and Cold 

Water................................... 51
18. Coefficient C' for the Plow of Saturated Water through the Test Valve. ...... 52
19. Coefficient Cf for the Flow of Cold Water Through the Test Valve................. 53
20. Value of (mc-m ) Plotted as a Function of Valve Lift . ............................54

. (bs-bc)21. Value of e Plotted as a Function ofValve Lift...................................55
22. The Reduction in the Volume Rate of Flow for Saturated Water with Cold Water as a Standard................................
23. Value of the Exponents n and f used for Determining the Effective Density ...  57
24. Value of the Coefficient K used for Determin­ing the Effective Density ...........  68
25. Comparison of Tests Number 62 and 227 ... 59
26. Comparison of Tests Number 48 and 214 ... 60
27. Comparison of Tests Number 15 and 201 ... 61
28. Comparison of Tests Number 31 and 208 ... 62
29. Comparison of Tests Number 74 and 237 ... 63

30. Comparison of Tests Number 80 and 243 ... 64
31. Comparison of Tests Number 89 and 249 ... 65

vi



Figure Page
32. Flow of Saturated Water through SharpEdged Orifices Compared with Teat Data when Valve Plug was Removed .••••••••66
33. Water Spray Nozzle . .........................  67
34. Thermocouple Assembly ...... .........  68
35. Discharge Tube Assembly ..........69
36. Inlet Tube ............. ...........7O
37. Details - Miscellaneous Parts..........   . . 71
38. Test Valve-Assembly...........  .72
39. Instrumentation - Valve...................... 73
40. Schematic Layout of Test Equipment............ 74
41. Calibration of Pressure Gauge Number 1, (used tests 1 to 11 inclusive).........   83
42. Calibration of Pressure Gauges Numbers 6 and 8, (used for initial tests)......... 84

43. Calibration of Pressure Gauges Numbers 1 and 6, (replaced gauges used in initial tests)..................................   85
44. Calibration of Pressure Gauges Numbers 2 and 3, (used throughout test work). ..... 86
45. Calibration of Pressure Gauges Numbers 4 and 5, (used throughout test work). . . . . . 87
46. Calibration of Pressure Gauges Numbers 7 and 8, (used after test number 11 on 

saturated water and test number 204 forcold water)....................................88
47. Head Due to Inlet Velocity..................... 89
48. Pressure-Entropy Chart for Low Quality Steam....................  ..90
49. Pressure-Entropy Chart for Low Quality Steam .................... 91
50. Pressure-Entropy Chart for Low Quality Steam ..................  •••....•92

vii



Figure page
51. Pressure-Entropy Chart for Low Quality Steam.......  93
52. Pressure Temperature Chart for Saturated Water..............    94

Plate
1. Major Part of Test Equipment. .......,75
2. Instrumentation Details..................... ..
3• Close-up of Test Valve......................... 77

vlil



SUMMARY

The volume of saturated water passing through the test 
valve, per unit of time, was found to be 2 to 35 percent less 
than that of cold water when compared under similar conditions 
of pressure head and valve opening. Initially saturated water 
flowing through the restriction in the valve was found to be in 
an unstable state in that the computed value of the density and 
its measured temperature were higher than the equilibrium values 
determined from the steam table. An equation was derived from 
the test data for determining the effective state of the mixture 
flowing through the valve. Temperature measurements were made 
by using specially developed thermocouples which were extremely 
small and unique in construction, as shown in Fig. 34, page 68. 
(All figures are grouped together starting at page 35.) The 
volume rate of fluid flowing through the valve was found to be 
independent of the initial pressure. It varied only with the 
pressure drop across the valve when this pressure drop was ex­
pressed in an equivalent head measured in feet of inlet fluid. 
An appreciable recovery of the pressure drop across the valve 
restriction was observed for cold water; but it was found to be 
negligible for initially saturated water.

The data obtained in this investigation were apparently 
consistent and reliable. As a result of this study it is be­
lieved that the performance of actual valves can now be more 
accurately predicted. The technique developed for conducting
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these tests should be of great help in continuing research in 
this field.



INTRODUCTION

Little research has been done on the flow of saturated 
water through valves, in spite of the fact that considerable dif­
ficulty has been encountered in predetermining suitable valve 
sizes for power plant applications and for processes where hot 
liquids must flow through valves. Information available on flow 
through nozzles is likewise limited. In fact, at the beginning 
of this work, it was impossible to predict the quantity of liquid 
that would flow through the newly designed valve. The lack of 
data prompted the Industrial Instruments and Regulators Division 
Applications Committee of the ASME to sponsor at this University 
a research project to determine the flow characteristics of 
saturated water. Since this investigation was expected to be 
carried on over a period of years, the apparatus was designed to 
be as flexible as possible, in order that investigations could be 
continued with a variety of orifice configurations and plug de­
signs. The problem could be extended to the study of any liquid 
which undergoes some change of phase while passing through a 
valve or orifice. The valve was designed to be used at pressures 
considerably higher than those currently available in the labora­
tory.

When laying out the valve it was considered important to 
construct the inlet and exit sections so that accurate pressure 
and temperature measurements could be taken. It was therefore 
important that the water immediately up stream and immediately 
down stream from the pressure taps be made to flow through
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sections of pipe without bends or obstructions. The valve was 
elongated so as to conform with the afore-mentioned requirements 
and it was constructed so that the valve’s plug could be accur­
ately positioned.

The measurement of the water temperature presented a diffi­
cult problem. It was anticipated that the water would not be in 
a state of equilibrium. For that reason care had to be taken 
that the water temperature and flow were not disturbed by insert­
ing a large thermocouple well. This necessitated the development 
of an extremely small thermocouple. To obtain accurate measure­
ments the thermocouple wires had to be electrically insulated 
from each other, except at the junction, from the walls of the 
thermocouple well and from the water. This phase presented 
difficulties, since the temperatures involved in this Investiga­
tion were to be in excess of 300°F., at which point most 
commercial enamel coatings were known to break down and become 
conductors of electricity.

The test data were substituted into basic flow equations, 
thus permitting the evaluation of the constant terms of these 
equations. In this way subsequent flow data were predicted with 
a minimum of testing. The data were finally analyzed and equa- * 
tiens determined for predicting the volume flow rate and the 
density of the mixture flowing through the valve.



FLOW THEORY

The flow of liquids through an orifice can be analyzed by 
using the general energy equation applied to the flow between the 
section a,upstream, and the section b, downstream, from the re- 

AfkY >

striction (as shown above)« The mechanical—energy balance between 
the two sections (neglecting friction losses) appears in a simpli­
fied theoretical form as,

2 2
'I'

where Ua is the root-mean-square velocity of the fluid, ft./sec., 
in section a, the tipstream section at the point where the 
pressure and other properties of the fluid are determined, 

is the ideal velocity of the fluid, ft./sec., in the 
central part, l e., the jet portion of section b.
Ah is the static pressure drop between sections a and b
expressed in feet of fluid determined from the proper­
ties of the fluid in the jet in section b.

By a similar reasoning velocity Ua can be converted to an equiva­
lent head, h^, known as inlet velocity head, or

^ua (2)

5
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This substitution in equation (1) yields 
Ub2/2g - 4h + h** 

or 
p ^b - ZXh^ (3)

where Ah? is the sum of Ah + h_.o which is the total head a va i 1- 
available to cause flow.

The ideal velocity of fluid at the down stream section then be­
c one s :

Ub - ^2g h^ (ft/sec ) (4 )

The volume of fluid Q (cu.ft./min.) that would theoretically pass 
through down stream section may be expressed as

Q - 60 UbA (5)

where A is the area in sq. ft. through which the fluid is flow­
ing with the velocity Ub* 
The above equations can also be used for analyzing the flow 

through venturi meters, valves and other obstructions. In the 
case of well designed venturi meters it is theoretically possible 
for the area A to be equal to the cross-sectional area at the 
down stream location. In general the cross-sectional area A of 
this jet is considered to be a fraction of the size of the 
smallest area, A^, of the restriction through which the water 
must pass. In the case of the valves Illustrated in Fig. 25 to 
30, the area Ay can be either the area of the orifice or the 
minimum annulus area between the plug and the seat, depending



upon which is smaller. In the valve configuration used in these 
tests the minimum area under the plug is /fxz/144, where x Indi­
cates the diameter of the orifice measured in Inches and z is 
the valve lift in Inches.

The actual rate of flow of liquid through the valve is 
obtained by (1) substituting Ap for the value of A in Equation 
(5) and (2) multiplying the right hand side of Equation (5) by 
a factor C* which takes into account the difference between A 
and Ap and also takes into account the effect of fluid friction. 
Equation (5) may then be rewritten as follows,

Q * 60 C Ub Ay - 60 C* Ay i/Sg^ht . (6)

The temperature of water passing through the valve remains 
constant provided the pressure at state b Is not lowered to the 
extent of causing a change of phase. Cold water normally does 
not undergo such a change since the pressure at section b ls 
usually not sufficiently low to produce the vapor phase. The 
effect of pressure on density without phase change is negligible, 
so that a given head measured in feet of fluid at section b is 
the same as that head measured In feet of fluid at section a. 
Equation (6) is thus altered to read,

Q - 60 C» Ay /2g3h^ (cu. ft./mln. ) . (7)

Ah^ Is the sum ^h + h^, i.e., the head measured In feet of 
inlet fluid at station a. This equation can be used to study 

flow of fluids in a valve since all the variables except C’ 
can be measured.
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Equation (7) can be written in an alternate form in which

Q - eb (cu.ft ./mln.) (8)

where the values of b and m will be determined after further 
consideration of the problem. By taking the log of each side of 
Equation (8), the following is obtained:

log Q - (m log2iht + b) (cu.ft./mln.). (9)

It is evident from this equation that if the volume flow Q 
is plotted against ^h^ on logarithmic coordinates a straight 
line with slope m will result, providing m and b are constant. 
Test data demonstrates that this is essentially true over a con­
siderable range of values of ^h^. However, the actual value of 
m is not 0.5 as one might expect from comparing Equations (7) 
and (8). This means that the value of C is also a function of 
Z^ht. The value of C * can be obtained if Q is eliminated by sub­
stituting its value obtained from Equation (7) Into Equation (8) 
or

60 C 1 /2g 4h. — eb Ah.*
* W U

from which ,eb 4ht(“ * 0'6)
- c' —- • (10)

The actual value of C * can then be computed after the values of 
b and m have been experimentally determined. The values of C * 
computed from this equation are more reliable than they would be 
had they been determined using Equation (7), since this method 
uses values of m and b which are mean values obtained from a
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number of tests•
The flow of saturated liquids presents problems which are 

not found in a study of the flow of cold liquids. The pressure 
drop across a restriction creates a low pressure region in which 
part of the fluid might flash into vapor. The change of phase, 
theoretically accomplished in a short period of time, is in 
reality retarded by surface tension.» This results in suppres­
sing the formation of vapor cavities. But the effects of this 
tension are eventually overcome by the thermodynamic forces of 
the superheated liquid «

An analysis of flow data reveals that during the flow of 
saturated liquid through the restriction, the separation of vapor 
from the liquid is only partially completed by the time the fluid 
reaches the throat section. The exact extent of this transforma­
tion is little understood, but it has been found to vary with the 
shape of the orifice, the inlet conditions, the head, and proba­
bly with other factors such as turbulence. Once the formation 
of vapor sets in the specific volume of the mixture increases 
and, if unobstructed, the jet would expand laterally. If the 
jet is confined in a passageway so that it cannot expand lateral­
ly it would have to expand in the direction of flow. In doing 
this the flow in the upstream section is retarded because it is 
necessary to accelerate the mixture which has a greatly increased 
specific volume in its transformed state. The exact state of the 
mixture can only be approximated after making some assumptions

♦See reference 6 pp 615 to 617 and reference 7 pp 433 to 440 for supplementary reading on superheated vapor and supersaturated liquid .
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regarding the flow and then by analyzing the test data. In 
other words, the state of the mixture is predicted by the effect 
which is observed in the flow and may be somewhat in error.

The condition of the fluid in the throat can be analyzed by 
referring to Equation (6). The weight rate of flow of fluid 
passing through the valve is constant for any section of the
valve or, 

W * Q_d * Qd

also Ah: - 144 APt
T d

144 a Ptand 4ht *  ^--2

where APt - P& - ?b +  ^14^

(ID

(12)

(13)

(14)

where W ■ the flow rate in pounds per minute 
q ■ the volume rate of flow at the point of minimum 

cross-section — cu.ft./min.
d - the fluid density at the corresponding section in

pounds per cubic feet .
— total pressure drop from point a to point b, and &

includes a pressure drop equivalent to the inlet
velocity - PSI.

Subscript s refers to the inlet section a where the water
is saturated.

Substituting values from Equations (11) and (12) into Equation
(6),

W * 60 C* Ar /28B g d 4P% (15)



In this Investigation there was no precise way of determin­
ing the value of C * for the flow of initially saturated water as 
considered in Equation (15) and it was necessary to approximate 
its value. This was done by computing a value of Aht in 
Equation (13) for the desired total pressure drop AP^» then the 
value of C’ from Equation (10) for cold water was determined at 
this head and used for the value of C» in Equation (15). The 
value of d can then be computed since all the other items in 
Equation (15) can be either measured or computed. The value of 
d computed in this manner must be regarded as an effective value 
and may differ somewhat from the actual value.

Due to the number of variables involved in evaluating the 
density (d), it appeared impossible to establish the relationship 
existing between the variables when test results were used direct 
ly in Equation (15). It was therefore decided to analyze the 
flow data using the general equations applicable for cold water 
conditions. For this analysis, the properties of the saturated 
water at the inlet section were used and the appropriate flow 
coefficients determined. After analyzing the data it was found 
that the flow rate of saturated water when plotted as a function 
of Ah^. on logarithmic coordinates produced a straight line 
similar to that of cold water. Since this proved to be the case, 
it was possible to write equations for the flow rate of saturated 
water which were the same as Equations (7), (8), and (10), except 
of course, for the numerical value of the constants.

Thus, Equation (8) can be rewritten as,
Qe — eb® (Ah^)1”® cu.ft./min. (16)
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and Equation (10) as*
ebe (4.ht/""* ' °*5)

C' “ BtTXTTBg (17)

where the subscripts c and s refer to cold and saturated liquid 
re spec tlve ly •

If the value of W from Equation (11) is substituted into 
Equation (15) one obtains,

ds Qa - 60 C’Ar /288g d (18)

Substituting the values given in Equations (16) and (17) into 
(18), and simplifying, the following equation is obtained :

da eb® (△ht)“® - eb° (^h^) ^144 d APt (19)

Substituting the value of from Equation (13), 
(b.-br ) P144 △Pa. 1 <ms*mc + 0-5) ----------da ® I ---5^ - /144 dAFt

After squaring each side of this equation and slmplying, the 
effective density d is found to be equal to

e2(ba - bc) ^g(l+2(m(.-ma)] 
d " (l44) -^c~^s) ’ (mc-ma )

d n 
or d “ K _ » «(AFt>

where @^(^s ~ bp)
K * (144 )a ^mc “ ®s )

n - 1 + 2 (mc - ma)

(20)

(21)

(22)
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f * 2(m% - ma). (23)

Equation PQ can be used to study the nature of the metastable 
mixture passing through the valve.

A mathematical relationship can be derived which compares 
the flow of saturated water to that of cold water. Equation (8) 
can be written as followst 

b„ mQ — e c (Ah ) cu.ft./min. (24)
C v c

or
Q_ - e B ( )2" cu.ft./min. (25)
O v o

Dividing Equation (25) by (24)

e ’

If the flow rates are compared at the same head ( Ah. ) then
% "% e(b«"be/(Aht)(”c-"8> (26)

which is the desired equation and can be used to determine the 
volume flow rate of saturated water as compared to the flow rate 
of cold water.



APPARATUS

It appeared at the outset of this investigation that it 
would be impossible to set up test equipment to maintain steady 
flow of hot water through the test valve, since the high rate 
of flow would necessitate a large supply pump. Instead an inter­
mittent process was selected in which a certain quantity of water 
was heated to saturated conditions at a rate possible with the 
existing pumping equipment in the laboratory. This supply of 
water was then used in the relatively short time as required by 
the test.

The apparatus was constructed as shown in Fig. 35 to 40, 
and plates 1, 2, and 3, pages 75 to 77.

Saturated water was formed by spraying relatively cold water 
into a tank in which high pressure was maintained by admitting 
live steam. A nozzle shown in Fig. 33 was developed to produce 
a fine spray so as to form a maximum of water surface area. The 
liquid was injected radially near the top of the tank to utilize 
effectively the space available for intimate contact between 
steam and water. The style of nozzle shown has large passageways 
for the water and was selected because it was less apt to clog 
with pieces of loose scale than other available nozzles. After 
trying several configurations it was found that four holes, as 
shown, made a pattern in which the spray from each hole covered 
a sector of approximately 90°.

Due to the high pressures applied during the test work, the 
tank into which the water was sprayed had to be checked for

14
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safety because of explosion possibilities. A hydrostatic pres­
sure test was made up to 275 psi in order to insure a margin of 
safety. The tank was also hammered at the seams while the pres­
sure was at its maximum. After this test the tank was calibrated 
as explained on page 79 of Appendix I.

The discharge line from the tank to the test valve was made 
as short as possible to reduce the line pressure drop to a mini­
mum. While tests were being conducted with a valve lift of 
0.035 Inches, it was necessary to install a fine mesh screen into 
the line in front of the valve to prevent scale from clogging the 
narrow passageway.

The design of the valve tested is shown in Fig. 35 to 40. 
The discharge section was split as shown, in order to facilitate 
instrumentation, and was sealed during assembly with Copaltite 
Plastic Sealing Compound. This section was purposely made very 
long since it was not known how the flashing liquid would behave» 
and a study of the characteristics of the liquids was necessary. 
The inlet section was made as streamlined as possible in order 
to reduce the turbulence to a minimum and to facilitate accurate 
measurements. Adjustments on the valve plug were made by using 
spacers of different thicknesses. It was necessary to unscrew 
the union in the line ahead of the valve in order to reach the 
retainer which held the valve plug in position. While this 
method of changing the valve lift would not be convenient on a 
commercial valve, it was a desirable feature for test work since 
the plug could be accurately set at a desired position and main­
tained in place while under test. The valve lift was also free
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from thermal expansion problems as both the plug and the wall 
were at practically the same temperature regardless of condi­
tions existing either on the outside or inside the valve as In­
dicated by the wall temperature measurements.

The thermocouples shown in the valve on Fig. 39, and Plate 
3, page 77 , were constructed as shown in Fig. 34. It must be 
emphasized that extreme care was used in their construction, 
in spite of the fact that the wires of each thermocouple were 
very flexible, it was essential that whl^e being handled they be 
kept in as straight a position as possible, since it was diffi­
cult to force them into shape after they were bent. While the 
glass insulated pair of thermocouple wires were being filed to a 
half round section as indicated on Fig. 34, they were carefully 
placed on a board with one wire above the other and held with 
thumb tacks so that their mating surfaces were kept in proper 
orientation with respect to each other. The upper wire was lifted 
and the lower wire was filed by stroking it toward its end with 
a dead flat file, until the desired amount of metal was removed. 
The upper wire was straightened, the assembly turned over and the 
process repeated. After this operation the two flat sides of 
the wires were easily arranged opposite each other to form a 
virtually round section of the thermocouple cable. The silicone 
rubber insulation was applied and cured as indicated on Fig. 34. 
The wires were then carefully inserted into a tube similar to 
A-2-2#, Fig. 34, except that both ends of the tube were left open.

* Hereafter, parts will be designated by drawing number first and then the item number, for example, the part referred to here is found on drawing number A-2 item number 2.
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Then the wires were adjusted to extend about 3/16" beyond the 
end of the tube. An ohmmeter was subsequently used to determine 
whether or not there was a short circuit between the wires, or 
between the wires and the tube. If no short circuit was evident 
the rubber was removed from a section extending back approximate 
ly 1/16” from the end of each wire. The bare ends were welded 
together in a carbon arc and the welding bead was filed down so 
that it completely cleared the inner walls of the tube when with 
drawn. The end of the couple was then coated with sillcone, 
cured and inserted either into tube A-2-1 or A-2-2 in Pig. 34. 
After the wires were inserted the assembly was rechecked for 
possible short-circuits between the wires and the wall of the 
thermocouple well. If any were indicated on the ohmmeter, their 
respective positions were ascertained by carefully removing and 
examining the wires. The coating was then patched, cured, and 
the process repeated.

After the welded ends of the wires had been successfully 
inserted into the thermocouple wells A-2-1 or A-2-2, the 1/8" 
O.D. copper tubes A-2-3 or A-2-4 were slipped into position from 
the opposite ends. The final assembly and curing were then com­
pleted as called for on Fig. 34. After this final assembly a 
further short-circuit chefck was made.

The thermocouple assembly being still very delicate had to 
be carefully installed into the valve as shown in Fig. 39, and 
protected with the box shown In Fig. 40 and Plate 1. Whenever 
the position of the valve plug was changed the box had to be re­
moved and on those occasions also, extreme care had to be taken 
not to strike the thermocouples. in order to make sure that no 
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damage had been done the thermocouples were checked for ahort- 
circults after each time the plug position was changed.

The pressure gauges were calibrated before installation as 
explained in Appendix I. After making eleven tests on saturated 
water, gauges 1 and 6 were replaced by more accurate gauges. 
Following test 204 on cold water, gauge 7 was installed and gauge 
8 was replaced.

The other parts of the apparatus are Illustrated in Fig. 40.



METHOD OF TEST

The testing process for the flow of saturated water was as 
follows : -
1» The calibrated tank was emptied » the discharge valves were 

closed, the vent valve opened and steam slowly admitted into 
the tank until the pressure was considerably in excess of 
test requirements•

2. The pump was started and the water contained in the full 
tank was pumped into the upper tank at such a rate 

that the pressure in the upper tank did not fall below test 
pressure. The lower tank was emptied, the pump stopped, 
and the discharge valve on the pump was closed.

5. The pressure in the upper tank was allowed to fall until 
the test pressure was reached. Temperatures of the water 
in the tank were taken at the four positions indicated on 
Fig. 40, and tests were not conducted if a variation of more 
than 2 °F. was observed.

t. The pressure at station 1 was held constant throughout the 
test by manually regulating the by-pass valve on the steam 
line. The gate valve upstream from the test valve was 
opened, the discharge control valve adjusted to produce the 
particular discharge pressure sought, and the time for a 
desired change in the water level was determined by means 
of a stop watch. While the water was flowing, water and 
valve temperatures were recorded by the Speedomax milli­
volt recorder and the gauge pressures were read. Since the
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Speedomax was limited to 8 thermocouples, it was necessary 
to change the thermocouple switches during the test in 
order to obtain all of the temperature readings•

5e The test results were computed according to the method pre­
sented in Appendix I.
The testing process for the flow of cold water was as 

follows :
1. The calibrated tank and the storage tank were filled with 

city water. Compressed air was admitted into the tank until 
the desired pressure was reached ; for most tests a pressure 
of 70 psig was used.

2. The pressure at station 1 was held constant throughout the 
test by manually controlling the by-pass valve on the air 
line. The gate valve upstream from the test valve was 
opened, the discharge control valve adjusted to produce the 
particular discharge pressure sought, and the time for the 
desired change in water level was determined by use of a 
stop watch. While the water was flowing the temperature and 
gauge pressures were read.

3. The computations of test results were made as explained in 
Appendix I.
The water temperature readings were examined after each 

test to make sure that no apparent discrepancy had arisen. If 
any irregularities were noted the couples were checked with the 
ohmmeter to see if a short-circuit had developed. In a number 
of cases the readings were obviously incorrect and were omitted 
from the data sheets. Tests which for obvious reasons yielded
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Incorrect flow data were re-run•
Curves were plotted on both cartesian and logarithmic co­

ordinates with volume flow rates as ordinate and total head 
△hfc as abscissa. From the curves plotted on logarithmic co­
ordinates the values of m and e^ for Equation (8) were determined 
for each valve lift. Curves showing the value of these constants 
were plotted as a function of valve lift. The coefficient C* in 
Equation (10) was determined for each valve lift and for both 
saturated and cold water. These were plotted and presented on 
graphs. Values of (mc-ma), e^~^^ n and f were likewise deter 

mined and plotted as a function of valve lift.



TEST RESULTS

Test data for saturated and cold water are shown in 
Appendix !!• In addition, the results which appeared to be most 
important are presented in the following enumerated Figures: 
Pig. I shows the weight rate of flow of cold water and saturated 

water at different inlet pressures for a valve lift of 
0.1465". *

Pig. 2 to 8 compare the volume rate of flow of saturated and cold 
water. Each Figure shows the results for a particular valve 
setting.

Pig. 9 illustrates how the flow rate of saturated water changes 
with different valve lifts.
10 illustrates how the flow rate of cold water changes with 
different valve lifts.

Fig. 11 shows a comparison of the data, Pig. 9 and 10.
Pig. 12 indicates the volume flow rate of saturated water plotted 

against valve opening area in percent of orifice area.
Fig. 13 shows the volume flow rate of cold water plotted against 

the valve opening area in percent of orifice area.
Fig. 14 compares the data of Pig. 12 and 13.
Pig. 15 compares the flow rate of saturated and cold water when 

the test data are plotted on logarithmic coordinates;
Fig. 16 gives the values of m for saturated and cold water.
Fig. 17 presents the flow coefficient eb for saturated and cold 

water.
Pig. 18 supplies the v*lue of the coefficient C' for saturated 

water.
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Fig. 19 furnishes the value of the coefficient C' for cold water 
Fig. 20 gives the value of the exponent (mc-m8) used in Equation 

(26).
(b.-tx) Fig. 21 shows the value of e used in Equation (26).

Fig. 22 illustrates how the flow of saturated water is reduced 
in comparison with the flow of cold water, which is used 
as a standard.

Fig. 23 gives the values of the exponents n and f, used in 
Equation (20).

Fig. 24 presents the value of K for Equation (20).
Fig. 25 to 31 show the comparison between flow characteristics 

under the test conditions of maximum pressure drop for 
each valve lift for saturated water and for cold water with 
as nearly identical pressure drop conditions as possible. 
In addition the temperatures of the water as measured are 
compared to saturation temperatures.

Fig. 32 correlates data obtained for the flow of initially 
saturated water when the plug was removed, with the results 
obtained by other authors.



DISCUSSION AND CONCLUSIONS

It was observed from Fig. l, that the weight rate of flow 
of initially saturated water varied with inlet pressure• The 
near identity of these curves suggested that a flow comparison 
should be made on a volume basis• This proved to be the case in 
all tests made in this investigation. In addition, the data by 
Benjamin and Miller (reference 1) were likewise re-checked on a 
volume basis and excellent agreement was found for most of their 
data and for the test data obtained in this investigation. As 
can be seen in Fig. 32, the correlation is excellent in spite of 
the fact that the conditions of the tests were widely different 
and the orifice used in this investigation was not a standard 
thin plate orifice. The data of Benjamin and Miller for the in­
let conditions of 103 psia seem to be in error, considering the 
rest of their data.

In all cases presented here, the flow of cold water was 
greater than that of the saturated water. This was expected ex­
cept in the case where the plug was removed. Under the latter 
conditions the valve would behave as an orifice and other authors 
had predicted that equal flows would be obtained. However, for 
this condition the deviation between the two curves was not large. 
For the other cases the difference between the flow rates of hot 
and cold water was found to increase as the valve lift decreased. 
The results of this investigation proved very definitely that the 
flow agreement could only be expected when the analysis was made 
on a volume basis.

The most important finding in this investigation is pre-
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sented In Fig. 16. This graph shows clearly that the volume 
rate of flow of saturated and cold water is a straight line 
function of the total head, when the two are plotted on logarith­
mic coordinates. From this information It is possible to write 
Equation (8) which expresses an important mathematical relation­
ship existing between the flow and the pressure head. From 
Equation (8) it is possible to write Equation (10) which evalu­
ates the flow coefficient O’. After further investigation into 
the flow theory it was found that Equation (20), for the effective 
density, could be derived. Without these equations it would have 
been difficult -- If not impossible -- to determine the nature 
of the flow. If a similar relationship should be found for 
fluids other than water, it may be possible to determine the 
properties which govern their behavior. If a correlation based 
on fluid properties such as surface tension or viscosity can be 
made it should be possible to predict their behavior in a valve 
without the necessity of performing elaborate tests on each indi­
vidual liquid. In other words, from the test results of a few 
liquids it would be possible to predict the behavior of all 
liquids.

The flow characteristics for cold water did not seem regular 
in the region extending from approximately 30 to 80 percent as 
shown in Fig. 13. The discrepancy is apparent in two forms when 
the flow equations are further analyzed. Fig. 16 shows the value 
of m or the slope of the lines presented in Fig. 15. At a valve 
lift of 0.1465 inches, which corresponds to 82.8 percent valve 
opening, the slope was found to be only 0.467, whereas a smooth
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curve through the remaining points indicates that the value 
should be 0.511. This is a discrepancy of 8.6 percent in the 
slope but it amounts to a discrepancy of only 3 percent of the 
flow (calculated at 70» head). The other irregularity appears 
in Fig. 17. At a valve lift of 0.0675 inches, which corresponds 
to a valve opening of 42 percent, it can be seen that the test 
point falls below the smooth curve. The difference amounts to 
only 3.3 percent in the volume of flow. There are two possible 
reasons for these differences. At the valve lift of 0.0675 inches 
considerable trouble due to scale was encountered. It is possi­
ble that small pieces lodged between the plug and the seat, thus 
reducing the flow. At the valve opening of 82.8 percent it is 
possible that there was a change in the flow pattern of the 
water as it passed around the end of the plug and out the orifice. 
The flow should be controlled by the annular space between the 
plug and seat, since this area is -the smaller. Actually, it is 
possible that the orifice area may have been the controlling 
factor at the higher heads, since at this condition of high 
velocity flow the jet formed in the center of the orifice would 
be smaller than the orifice itself. It seems possible, then, 
that the annular area under the plug may have controlled the flow 
at low heads and the orifice controlled the flow at high heads. 
The saturated water, however, seemed uneffected by this condition. 
This can be accounted for by the fact that the vapor liberated 
is less dense than the water and it is able to change direction 
much better than water when it is passing around the plug and 
out through the orifice. A change of flow pattern could only
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take place over a limited range of valve lifts. For this reason 
the values read from the smooth curves were used in computing 
the value s of O ' and eb.

The values of m for saturated water are scattered but the 
scale used for plotting the points is highly magnified. The 
tested range of pressure head Ah^_ was not large and the measure­
ments of small pressure differentials by the use of Bourdon 
gauges is somewhat uncertain, in spite of the fact that very 
accurate gauges were used on this investigation. These two facts 
could easily account for the small discrepancies obtained.

Several methods were tried for deriving an equation for the 
effective density before the method presented under flow theory 
was evolved. The first attempt was to determine the coefficient 
C * from test data and to plot curves showing the result. From 
these Curves and the original test data, the value of the density 
was computed by using Equation (15). All attempts to correlate 
the variation of density failed. Using a new approach the 
observed flow rates were adjusted so that the flow would agree 
with the values obtained from the smooth curve plotted through 
the test data. Still the results were inconsistent and showed 
no general trend. It later became evident that Equation (10) 
could be written for the evaluation of C•. Using this data it 
was found that the computed values of the density were consistent 
but it appeared that the density was a rather complex function 
of both inlet conditions and pressure drop. It was anticipated 
that the change in density would be some function of the theoreti­
cal equilibrium change in density. Rather consistent results
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were obtained from this approach but no simple mathematical 
relationship could be expressed for determining the density. It 
finally became evident that the density could be determined from 
the fairly simple procedure explained under flow theory and pre­
sented in Equation (20).

After determining the density from Equation (20), it was pos­
sible to analyze the temperature measurements taken from the test 
data. The temperatures taken from the test data are illustrated 
in Fig. 25 to 31. It can be seen that the measured temperatures 
indicate that the metastable state of the hot liquid existed be­
low the orifice but the temperatures corresponding to the effective 
density are much higher than those measured. This Indicates that 
the point where the effective density was determined was upstream 
from station 3. It is unfortunate that thermocouples were not 
located in the region immediately under the plug and in the throat 
of the orifice. The metastable state exists for a distance below 
the valve seat. However, the exact distance depends upon the 
plug opening or lift. When the plug was close to the seat, 
equilibrium was practically complete at station 3, as shown in 
Pig. 25, by the fact that the saturation temperatures and the 
measured temperatures coincide from stations 3 to 8 inclusive. 
As the lift increased the difference between the temperature as 
measured and that determined for the saturation pressure increased 
progressively and extended to station 4 at a plug lift of 0.1465 
inches. For some reason at a valve lift of 0.307 inches and 
when the plug was removed the instability at station 4 vanished, 
possibly due to an increase in turbulence associated with the
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higher rates of flow at these conditions. Beyond station 4 no 
instability was detected in any of the tests.

The pressure characteristics for saturated and cold water 
were found to be quite different in the discharge tube, and can 
be studied by referring to Fig. 25 to 31. Tn the case of cold 
water a recovery of part of the pressure drop was made by a con­
version of the kinetic energy of the jet into pressure. Practi­
cally no recovery was found for saturated water under any condi­
tions. The specific volume of the metastable mixture at the 
throat section was increasing rapidly and the results indicate 
that by the time the mixture reached section 3, the flow was 
quite uniformly distributed over the cross-section of the tube 
and not confined to a high velocity central jet, as was true for 
cold water. Therefore, when studying the results of valve tests 
or for predicting the behavior in a given installation, it will 
be necessary to make an allowance for this fact.

A regular and systematic change in the value of C * was 
observed for both saturated and cold water. However, it can be 
seen (Fig. 18 and 19) that the value of C’ from valve lifts 
0.035 to 0.1825 inches became smaller as the valve lifts in­
creased-, but beyond 0.185 inches the value of C1 became larger. 
The reduction in C1 with increasing valve opening for the lower 
values of lift is probably due to the increase in turbulence 
brought about by the flow increase. With large valve openings 
the value of C* approaches that of the orifice coefficient indi­
cating a straightening of the lines of flow.

From the test results the flow rate of saturated or cold
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water through the test valve can be calculated for any desired 
valve lift and for any assumed inlet and exit pressure, provid­
ing the assumed conditions are reasonably close to the tested 
range. Extending the data to predict the flow in pressure 
regions beyond the tested range appears reasonably safe since no 
evidence has been observed either during the test work or from 
analyzing the test data which would indicate a change in the 
behavior of the flow. The volume rate of flow of cold water can 
be determined in two ways.

1. The flow can be computed by using Equation (7), wherein 
the value of C * can be obtained from Fig. 19.

2. The flow can be computed from Equation (8), in which the 
values of m and eb can be obtained for cold water from 
Fig. 16 and 17.

The flow rate of saturated water can be computed in three ways. 
1. The volume rate of flow measured at inlet conditions f 

can be obtained from Equation (7) in which the value C* 
can be taken for saturated water from Fig. 18.

2. The volume rate of flow measured at inlet conditions 
can be obtained from Equation (8). The value of m and 
e^ can be obtained for saturated water from Fig. 16 and 
17.

3. The weight rate of flow of saturated water can be com­
puted from Equation (16). In this equation the value 
of C * from Fig. 19, for cold water must be used. The 
effective density d can be computed from Equation (20) 
wherein the values of f and n are obtained from Fig. 23, 
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and the value of K is obtained from Fig. 24. The 
weight rate computed by this method can readily be 
converted to an inlet volume rate by multiplying the 
weight rate by the specific volume of the water at the 
inlet.

The flow rates for saturated water compared to that of cold 
water can be made by referring to Equation (26), where the proper 
values of (mc-ma) and e^ 8 are selected from Fig. 20 and 21. 

An easier method of comparison pertaining to the test data can 
be obtained from Fig. 22. From this graph it is evident that 
the observed volume rate of flow of saturated water is from 2 to 
33 percent less than that of cold water, depending upon the valve 
lift and the head. In general, it appears that the reduction 
depends upon the shape of the passageway through which the 
saturated liquid is flowing. If the passageway is such that the 
pressure drop is progressive for a considerable distance and, at 
the same time, the flow is completely confined by the walls of 
the passageway, the reduction in flow will be appreciable. On 
the other hand, if the formation of vapor takes place in a jet 
of flowing fluid and can expand laterally into a liquid region 
which would normally surround the jet, the flow is only moderate­
ly reduced. Applying this reasoning to the flow behavior In 
other types of plugs and valve seats, tapered plugs fitting into 
tapered valve seats should be effected more drastically than the 
other types. The exact extent of the variation will have to be 
determined by further test work. In this investigation a single 
valve with only one configuration has been tested and It is ex-
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pected that other sizes of valves and other configurations will 
behave differently.

It appeared from the performance of the apparatus used in 
this study that the discharge line from a valve should be given 
particular attention. The discharge line shown in Pig. 40 was 
one and one-half inches in diameter, had an over-all length of 
135 inches, contained one angle valve, three tees, one 90° elbow 
and two 45° elbows. The vent line from the storage tank which 
allowed the steam to escape was only 23 Inches long. Under the 
conditions shown in test 89, in which the plug was removed, the 
inlet pressure was 132.5 psia and the pressure at station 8 was 
113.9 psia. This shows that the pressure drop across the orifice 
was only 18.6 psi. All of the remaining pressure head was con­
sumed either in the discharge line or in the vent line. It thus 
appears that in a given installation the pressure drop in the 
discharge line may easily be greater than that of the valve unless 
the discharge line Is exceptionally large and free from bends or 
obstructions.



RECOMMENDATIONS

Future test work should be directed toward a study of the 
behavior of saturated water in different configurations and dif­
ferent types of plugs and valve seats. For example, data on 
conical plugs and seats with varying angles of taper would be 
extremely valuable. The investigation of the exact nature of 
the flow in the metastable state should be more carefully 
analyzed. This study could be made by installing a number of 
thermocouples, similar to those described above, but located as 
close to the restriction as possible. These thermocouples are 
recommended because their thermal capacity is small and the time 
lag in establishing equilibrium is short. In addition they 
create little disturbance in the flow. The expansion of saturated 
water through an orifice or tube could also be investigated in 
this manner.

The behavior of liquids other than water should be tested 
and the work correlated to determine, if possible,the role which 
the normal fluid properties play in causing the variation in flow 
rate .

The type of apparatus used in this research for producing 
hot water is recommended for future use. It was found that a 
large quantity of saturated water could be quickly and easily 
produced. The apparatus is simple to construct and efficient to 
operate.

Minor changes should be made in the construction of the test­
ing equipment. The size of the discharge line from the test

33
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valve should be increased in order to cut down on the pressure 
drop in the line and thus provide for more pressure drop in the 
valve. This alteration will increase the range of study and 
yield a more complete set of data. If more pressure drop is 
effected the flow will increase and a tank as large as the one 
calibrated should be provided for storage purposes. In the tests 
discussed in this report the length of a run was governed to a 
large extent by the capacity of the storage tank since the estab­
lished pressure conditions on the valve changed abruptly as soon 
as the tank was full.

Since loose scale lodged in the test valve during operation 
and necessitated a re-run of a number of tests, it is recommended 
that a device be installed to prevent the scale from reaching the 
valve.
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UPPER E/^Z> OR p;pe 
MUST- SE FNREASSE» 
wm* .STD. RUFE TROS.

4- -HOLES a D/A» ZJRJLL THRU- 
COUNTER SORE W/TH LARQE 
JDRJ/L TO COND/T/ON SHOWA/
THLS MUST BE DONE BEFORE 
ASSEMBLY OF FART /VO £

AROUA/D.

! z

Ÿ

WA TER NOZZLE
Ô ZV/)

zwe- 4- 2- 5/ Scale-- full sizæ no

CHAMFER.

ITEM ho 
xoja^

4<

I w
16

IJD/Ar^ 
DRfLL

MILL 4 SLOTS 
AS SHOWN.

D/A. T>RILL­
AS SHOWN.

ASSEMBLY OF ITEMS /& 2. 
i^stjo.pipe-io'long ..

I%D/A.x3*LG. [ COLD ROLLED STEEL
1 ' EEjîc^rt/oh 7

DEPT. OF MECHANICAL ENGINEERING 
UNiyEnSITY OP AC ICHI G/W
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HF_ GOV'TS / W6W SZ^E^. 3

I

GLASO / UEA TAON 
REMOVED ONEY

APPROX. PALP OR 
EACH WIRE TO BE 
CARE PULL Y REMOVED 
W/TH ztead plat

7HA5 EZXSf TO ST'

PKfZZ.
6 r/MES

zas ZWP'K7T£\

or MECHAM ML ENGINEERING

CARBON ARC De
WELDANq bead

iHSHDH

OUTEJHE TO

32

£ ■

Hess ta nce
BETWEEN TH/S 
tube & outer

TNER/V O C OU PL E- —-v _ 
P>S>EETV)SEY \G A //

(PULL BeZE^ ' ‘

ho j2.3 cosrr/Mq —

VERY TH/N

CARBON ARC. THEN

on ine/Ee: a 
under water. 'TUBS’

APPROX,

7 & assembly OR TEEMS 2> A & 5

G 2 assembly OP TTEEVS yS&C

/ HO-32$ue'iL<j. IRON- CONSTANTAN WIRE 
(CLASS C O VEREJd

/ Su 3" £ QE. COPPER TUBE

3 1 -^ = /i" ^OD COPPER TUBE

2- 1 A./W NAME PROM NO-20* 2 
hYpodlwmc NLTPZ o

/ / AnV MAKE F^OM NO 20*2"LÇ. 
N>’ROOFRM/C NL2LDLE

trOA NO 3/2D LLO or rp t/on
_N_O_ REQ ___________________ MATERIAL_______________________________

UNIVERSITY OY MICHIGAN.

THERMOCOUPLE ASSEMBLY
■date:- ^ 2 3/ \ scale-notejo

TR A WN B y-YD ONA2D B MA CK A Y
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CWffl

4

-UMLES MW DRILL 
THRU PART *1 ONLY

4

4 HOLES kpAM/LL I DEEP 
p POINT, W6-NC3 TAP

hi ‘
Z/A 

8^ : U 2497 A
PA /fi 

' * L/A

•4 j® pipe thus.

5srr/aA/ M

5 4 NO 4-1fa STANDARD mR P/N_

4 /2 % LOCHlNASHER^ULAR)

3 /2 ^l6NC3-fa SOCKET HEP CAP SCRE^^

2 1 h£W4 BRASS-SAE

/ 1 /'2%’iM BRASS - SAE ____

ITU 
NO

NO
RH

Elif it son RT ION
__ —

DEPT OF MECHANICAL EN^HEW

UNIVERSITY OF MICHIGAN_ _ _

ZWW TUBE /Wr

PATE-HW-SQ PRAWN; NWbfA

B-1 j
f/- DMM 5 M4CW

j

Fig. 35
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12.000

- SEE NOTE!

-1.125 >

Fig. 36

M

/ 30

2^75

■ 2572. PIPE

1.315 M 1

— THIS dimeter to 
3E A SUP PIT 
WITH PART NO .5-3-4

- DRILL LEAP POR 
(2-8 TRES.

NOTE
I. 3"DIA BARSTOCK MAX BE 

SUBSTITUTED FOR THE 
2\'2% WftTEAIAL.

NO 
%*

Loot
5.500 .....

i—1§ —J 

m g :

z.vz-.'.'/e
i :r*m 3

L-1.530 DIA. SO" 
COUNTERBORE

— 4-HOLES NOW
DRILL THRU.

*00-.000
1500 
jÛA

MET TUEE
; ll'v'lhBER

E Mfr: SAE ■ 
iEsewmo"

WtML Z

\v
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6fSEW MUST BE 
LhARL WH FREE 
TL Ul EU H H! ----

' * w

' : 5/4^^/? A^z/.

।
2-A

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

L' •■- — >*
4

ir

>2 —

-ERILL à XW
FO? AO 00
/ P/A<:

X
break corner-

3: VALVE PLUS

y centerlwe of nuq.

/y-er;
-

?;? /H

AA __

LA

X A. 2A0W 
t^R 

. ^2 A .

‘IW 
S25

W tool

I

4 ।

' î.ooi 

iX 
CA.

»:orc

SEE NOTES I S 2

.. I

(4) 'Plug suppopt

-.015-45” 
CHAMFER

5 ^lè SPACER
NME BREAK ALL SHARP EL^ES 

tpO!

te
UT FFF

wr£ SW/T ALL SMP EWS t 
TABULATION OP VALUES FOR V ARE:

ITEM NO T
5 —2505

6 —JâW
7 -,/J’5
6 — .1245

3 — .0625
/O - .0200 
//— o/oo 
/2 - .0050

/vor^
/.- ITEW 7 TOEE CEN/EH

X RE 7

$■ VALVE COAT
ir/m; a 7%)/^ WW 

punches: once.

-EUS-45 
ewFER

'ORE

COuMTERBORl

14 1 stainless steel
1 ZiD/A^ SPASS .

IL 2 H BRASS SHIM STOCK.

II 2 /:/" BRASS SHIM STOCK

IG 1 /»/ HRASG SHW STOCK

3 1 i^4 lg: 
iDÏÂ'^lC

BRASS

6 1 ,5ÆA5ù
7 1 BRASS

6_ 1 ID/A•MA BRASS

A 1 BRASS

4 1 4M lu HR ASS

3 VALVE PLUS ASSEMEP

2 4 NÛ-OO-VC BRASS taper PIN
1 l l'D/A-^ BRASS SAE

ITfM 
NO

NO 

w
SUE DEtCWTICN

IMTMIAL

DEP'T OF MWNICAL ENSINEERINQ

T WICE AS SHOWN DETAILS-MISC. PARTS

SATE u-iO-SQ drawing number

B-3DRAWN BY- DONALD B MACKAY

Fig. 37
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0

FLOW 'I

.00 1

section m. SECTION 5-5 SECTION C-C.

16 2 B-3-IZ SPACER

15 2 B-3-H

14 / S-3 NO CA,4û'/-A'
13 / fi-3-9 SPACER

il 1 ^-le-Nca HEX NUT [BRASS]

II 1 B-3-9 RETAINER

10 1 £-3-5 SPACER

9 1 B-3-* PLUÇ SUPPORT

6 1 B-3-Ô SPACER

7 1 B-3-? SPACER
6 1 6-3 6 SPACER

5 / B-33 VALVE PLUq ASSEMBLY

4 1 5-2 inlet tube

3 1 B-3-10 VALVE SEAT

2 4 Socket hed capscrew^}
/ i BN Discharge tube assy.

IT£*I NO m MScwrrfv
NO WÇ MlWU

DEPT OP MECHANICAL ENGINEERING 

UNIVERSITY OR MICHIGAN

TUT"
IW-/I-H-SO

PRAWN £Y- lONAlS B MA WAX

IRWINS Hu^

Fig. 38
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W"

STATIONSSTATION

B

T

!»

2- 
'B

G-HOLIS 
NO-65 DRIU.
THRU 6-HOLES

NO-81 DRILL HE 
DO NOT E a 
DRILL THRU. k :

STATION 6 STATION 4

l-HOLE NO-65 
WILL THRU
l-HOLE 1

NO-31 DRILL 
DO NOT

^•station 8

EDGE OF HOLES 
MUST BE SHARP 
BUT FREE FROM 
BURRS

7WU

H-HOLES NO-36 DRILL iDED 
POINT. DO NOT WILL TURN. 
S-36 TAP-USE BSTTWHN^TNi

HOLES-NO, & DRILL THRU.
iDRILL iDEEP 70POINT DO NOT 

DRILL THRU. FINISH WITH VERY 
BLUNT END DRILL. g STD. PIPE 
TRR FINISH ‘

t-HOLES
NO-EB DRILL THRU.

TO

5^77^-^

I HOLE 
NOSS DRILL.

\-HOL£S NO-38 DRILL 
DEEP TO POINT DO

NOT DRILL THRU. 5-36 
TAR USE BOTTOMING 7V.

I-HOLE
NO-GO WILL

-6-HOLES 
NO 53 DRILL.

-I-H0LE-N0 65 
DRILL THRU.

, DRILL WAP RM 
tSTDPlPE. FINISH AS 
ON OTHER FITTING 
EXTREME CAREW 
BE TAKEN AS DEPTH 
FOR MAKING T%HT 
JOINT IS LIMITED.

8 1 B-4 TEST VALVE'ASSEMBLY

7 STRING PAC\
yiH$(«BE3T0S 4 GRAPHITE)

6 14 5-&W4 BRASS SCREWS

5 7 BRASS

4 7 D65WÀI& COPPER WIRE.

3 6 *2-2 THERMOCOUPLE ASSEMBLY

2 1 R-Z-L THERMOCOUPLE ASSEMBLY

1 7 NO&S'W WON CON37M™. TMtmmW
COVERSq__________

re NO SIU DtswmoN
NO ------------

Æj PACING CLAND. .
W SCALE TWICE FULL SlZE\hPPW']

SECTION B-B
DEPT OF MECHANICAL ENGINEER^

UNIVERSITY OF MICHIGAN

INSTRUMENTATION- VALVE

DATE-1-6-51

DRAWN BY- DONALD B NACXAN

VWHH$ NUMBER

Fig. 39
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4

STEEL PLUS DRIVEN 
INTO END CP TUBE 
THEN SILYERSOiDERED 
AND TESTED WON AIR 
TO MAKE SURE NO LEAKS 
WERE PRESENT.

DETAIL X

-NO 32 ^E GLASS COVERED 
IRON CONSTANTAN THERMOCOUPLE,

. t-qMPRESSM, FITTING

WATER FROM PUMP
WATER DISCHARGED IN HORIZONTAL 
FLAT SPRAY SEE DRAWING NO A-bS-

PRESSURE GAGE­
EZO TO HO AC TRANSFORMER

tPjPE TOÏTÙBË THERMOCOUPLE ice bath, 
WITH A"HQ£ DRILLED (THERMOS BOTTLE)

THROUGH, '

m
1. THERMOCOUPLE AT STATION I 

WAS MAM SIMILAR TO 
ABOVE EXCEPT IT WAS 
BENT SO THAT IT PACED 
UP STREAM AND IN the 
APPROX CENTER OP PIPE,

WATER THERMOCOUPLES 
CONNECTIONS

PRESSURE QAUqE

, STEAM SEAL— 
kOD COPPER TUBE- 

BETWEEN STEAM SEAL & VALVE, ->
Discharge control 
VALVE-IfA^—-q}— 

/(drain LINE-*

l(v£NT TO OUTSIDE

Fig. to

(check valve-
f^oarwr- -COMPRESSED AIR*100*51,

-BYPASS VALUE ^(fLOU

WALL THERMOCOUPLE
CONNECTIONS *

CALIBRATED 
TANK

SAFTY ÇLASS 
WINDOW^

^Mrprox;

TANK THERMOCOUPLE 
CONNECTION SWITCHES

TANK THERMOCOUPLES 
SEE DETAIL

■BYPASS VALVE-IN. GLOBE

—■

TEW iNLET-HS^ 
THROTTLE VALVE" l(GLOBE

'—AIR VENT
, TO OUTSIDE
(globe HALVE

5?*

IWiWH

SPEtDQMt 
IMRECORDB

SCALE,^-

$W
GLASSI-

^FIBERÇLAS INSULATION ^TK.

-BYPASS VALVE-IfANGLE

—GATE VALVE- 2*

OBTAINED AT EACH STATION JN T£5T vALVE

SEE NOTE I 
PROTECTION BOX 
POP THERMOCOUPLES.

WATER TO 
UPPER TANK

storage
TANK

g

test wf
SEE DRAWING NO S-S,

'STEAM INLET

-w--—- ±FW^ «3»? BOILER FEED PUMP
J MAKEUP MTERW kii^x ^BLF ACTIN 
i -TO DRAIN «

PLPTOF MCIMICAL WtEW^
IMVEfWY OF MOWN 

SCHEMATIC LAYOUT 
OF TEST EQUIPMENT
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Plate 1
Major Part of Test Equipment
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APPENDIX I

The absolute pressures as shown on the data sheets in 
Appendix II were computed by adding to, or subtracting from, the 
observed gauge readings the following items:

le Corrections shown in Fig. 41 to 46, which were obtained 
from a calibration of the gauges by means of a dead weight 
tester. (Figures 41 to 52 are grouped together at the end of 
this Appendix, beginning on page 83.)

2. Atmospheric pressure as determined with a mercury bar­
ometer and corrected as indicated by Shoop and Tuve (reference 
12, pp 19 to 21).

3. A water column correction which assumed the column to 
be water at 80°F. and to extend vertically from the center line 
of the test valve to the center line of the gauges.

The computations of the areas through which the water passed 
were made by referring to the dimensions given in Fig. 35 to 40. 
However, since there were a number of dimensions to be taken in­
to account in order to obtain the valve lift, spacers B-3-6, 
B-3-7 and B-3-8 were placed on the plug and the plug assembled 
into the valve. The space between the end of the plug and the 
valve seat was measured with a micrometer and found to be O.O5O". 
The other valve lifts were then computed on the basis of the 
latter figure and the measured thicknesses of the spacers added 
or subtracted*

The properties of the inlet fluid were taken from the steam 
tables in reference 8. In order to reduce the work of inter­
polating the steam tables, a chart was drawn. Fig. 52, showing

78
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the pressure-temperature relationship for saturated water.
The temperatures given on the data sheets were computed by 

taking the millivolts recorded on the Speedomax potentiometer 
and converting them to temperature by using conversion tables, 
of Leeds and Northrup Company (reference 14). The tank was cali­
brated by filling it with water at 55°F. and reading the level 
before and after a quantity of water was removed. The amount 
drawn off was weighed. This process was repeated several times 
and it was found that lowering the level of the tank by one foot 
removed an average of 296.3 lbs. of water. This value was cor­
rected to test conditions by multiplying it by a factor F which 
was derived and applied as follows: 
1. The specific volume of water varies with temperature, and an 

approximate factor F* taking this fact into account would be,

F* - vf 2 
where v^g is the specific volume of saturated water at station 
2 and Vfgg is the specific volume at 55°F.

2. Due to pressure the diameter of the tank increases. Using 
the thickness of metal as 1/4" and 30,000,000 as the modulus 
of the elasticity of steel, the increase in diameter for the 
condition of 115 pel was found to be equal to 0.0176 percent. 
For other pressures the factor Ff' would be,

Pg F" - 0.000176 115 
where is the gauge pressure psi in the tank under test 
conditions.
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5. The thermal expansion of the metal would increase the dia­
meter of the tank. Using a coefficient of expansion of 
6.3 x 10”$ and a temperature increase of 300°F. the weight 
increase was found to be 0.378 percent. A factor F' ' ' due 
to thermal expansion would be

(t-55) F’»’ - 0.00378 ' 300

where t Is the temperature of the tank during test.
The above factors were computed independently of each other and 
their combined effects would simply be the sum of the factors. 
Calling the over-all factor F, its value may be written, 

p ■ p» + pt t + p< ”

Since the factor F''* is small it was concluded that a factor to 
account for the expansion of the scale used to determine the water 
level would also be small and was, therefore, neglected. For 
cold water the change in flow due to Factor F was small and no 
correction was applied.

The computation of the water flow, W, through the valve in 
lbs./sec. would therefore be,

296.3 x F x difference In water level W " 15 x "6'0" x duration of test in minutes
or 

difference in water levelW ■ 0.412 F x Oration of test in minutes

The volume flow was computed by converting the weight flow to 
a volume flow.
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The static head between the stations 2 and 3 in feet of 
Inlet fluid was computed by using the following formulas

Ah - (Po - P ) x vp x 144 c O û
where Pg Is the absolute pressure at station 2, psla. 

p_ is the absolute pressure at station 3, psla.
Vg is the specific volume of water at station 2, cu.ft./lb 
The inlet velocity head was determined by the use of Fig.

47. This figure was plotted by using Equation (2), page 5 . 
The inlet velocity was computed from the physical dimensions of 
the valve at station 2 and the volume of the fluid flowing past 
this point.

The slope m for Equations (8) and (9) were determined for 
each line shown Fig. 15, by arbitrarily selecting two points 
near the ends of each line. The measured vertical distance be­
tween these two points divided by the measured horizontal dis­
tance between the same two points gave the value of m.

The flow coefficient e^ was determined for each set of data 
by first selecting an approximate mid-point on each of the lines 
shown Fig. 15. At this point the values of Q and were read 
on the graph. These values along with the value of m obtained 
above were substituted into Equation (8) and the value of e^ 
calculated.

The values for the discharge coefficient C* as shown Fig. 
18 and 19 were computed using Equation (10). Values of m and 
e^ were taken from Fig. 16 and 17 respectively and the value of 
Ay was computed as explained under flow theory.

The ideal density for saturated water, i.e., considering
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equilibrium conditions, was determined in most cases by using 
Fig. 48 to 51. In using these graphs the flow through the valve 
restriction was considered to be isentropic. The inlet condition 
was located on the saturated liquid line and then by following 
down the line of constant entropy to the discharge pressure, the 
ideal density was read directly from the graph. By a somewhat 
similar process the temperature corresponding to the effective 
density was determined. The effective density for any given test 
was determined from Equation (20). By starting from the inlet 
condition located on the saturated liquid line and following 
down a line of constant entropy to the value of the effective 
density, a point was located which represented the state of the 
mixture which corresponds to the effective density. By moving 
horizontally from this point over to the saturation curve the 
temperature of the mixture was read. These temperatures were 
plotted on Fig. 25 to 31 for the indicated tests.
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APPENDIX II

The data taken during the tests as well as the major part 
of computed results are summarized and presented in this appen 
dix. The test data for saturated water are numbered from 1 to 
89 inclusive, and are shown on pages 96 to 140. The test data 
for cold water are presented in a different form, as shown on 
pages 141 to 147, and are numbered from 200 to 249.

95
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Met Number 1
Valve Opening (lift)— Q.3O7 Duration of Test----- 4.592
Water Level Difference 25

3-6-51
Inches. Minutes. Inches.

Data atStations / 2
.. .........

3 J5 6 7 a
Absolute
Prweure, psia. 5Q,1 48.6 43.9 45.0 44^ 44.7 42 .9Saturation 
Temperature "F. 282.0 279J 273.7 274.5 270.4 274.0 271.5Water temp.
Measured eF. 281.8 281.Î 280.1 278.5 277.0 277.0 277-C 277.0

277.8
Wall
Temperature *F sa?,? 281. f ^.5 278.1 2.78.5
Computed Results.
Tank Calibration Correction Factor - F. _______ _
Specific volume of inlet water cu.ft./lb. ------- Water flow lbs./sec.------------------- ----------
Water flow cu.ft./min.(measured at inlet) ------- Pressure drop (Pg - pj). Ibs./sq.in.---- -------  
Static head between sta. 2 & J, ft. of inlet fluid Head due to inlet velocity (ft. of inlet fluid) - Total head available (sta. 2 to 3), ft. of fluid

-0.932 
-jQ.QJ.72R-a-jaas__  -2^16
11.6
ia^

Test Number 2
Valve Opening (lift)-- 
Duratlon of teat ----  Water Level Difference

Date 3-6-51
Inches. Mlnutes.
Inches•

Data at
Stations / 2 -4 6 7__a
AbsolutePressure, psia. 48S 44.2 4415 45.3 44.7 42.9saturation 
Temperature *F 279.5 273.5 274.8 275.0 971 A

277.0
Water Temp.Measured *F. 281.7 281.7 280.0 278.5 277.0 277 X 277 Z)Wall 
Temperature F. 280.2 281.7 278,5 S76.S 280.2 .2.80^ 278«5 2za^
deputed Results, 'ank Calibration Correction Factor - F ---------Specific Volume of inlet water cu.ft./lb. ------- water flow lbs./sec.--------------------- --------
Water flow cu.ft./min. (measured at inlet) - - --- 
Pressure drop (Pg - Pj). lbs./eq. in. -----------
Static head between sta. 2 & 3, ft. of inlet fluid Head due to inlet velocity (ft. of Inlet fluid)—
Total head available (sta. 2 to 3), ft. of fluid "

XLuS16__  Q,Q172R 2.22 ^31___

T7B
I5TT
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Teit Number 3 Date _3r9-51
Valve Opening (lift)— 0.1115 Inches.Duration of Teat ----- 3.5Ÿ2 Minutes.
Water Level Difference 23 Inches.
Data at Stationa / 2 3 A 6 7 a
Absolute
Pressure, psia. 8^.4 85.0 66.2 67.6 67.5 67.5 67.7saturation Temperature ®F. 316.8 316-3 299.3 500.5 300.5 300.5 300 .6Water Temp.
Measured *F. 315.8 315 .£ 305.2 500.3 300.3 300.3 300.6 300.6Wall 
Temperature ®F 515.1 315-5 302.5 502.0 302.2 3Q2.2 JOO .3 300*3
Computed Results.
Tank Calibration Correction Factor - F. - Specific volume of inlet water cu.ft./lb. Water flow lbs./sec. ------------ --------  
Water flow ou.ft./mln.(measured at inlet)

£*915.. £*Q1Z&]

1Static head between sta. 2 & 3, ft. of inlet fluid 47.7 Head due to inlet velocity (ft. of inlet fluid) - i.p 
Total head available (ata. 2 to 3), ft. of fluid 48.7

Test Number 4 Date 3-9-51
Valve Opening (lift)— 0.1115 Inches.Duration of test----- 3.248 ' Minutee.
Water Level Difference 18 Inches.
Data at
Stations / 2 3 A 5 6 7 a
AbsolutePressure, pels. 68 jO 66.S 53.4 53.1 52.11 52.8Saturation
Temperature "F. 300.1 299.6 285.2 283.5 283.5 284.5Viter Temp. 
Measured *F.' 300 J 300.0 290.3 285.0 285.0 285.3 265.0 285.0Wall
Temperature *F. 296.C 298.6 286.5 286.5 286.8 286.5 29614 285.5
Computed Results. Tank Calibration Correction Factor - F. -- ----— 0.922Specific volume of inlet water cu.ft./lb.-- ---- 0.01745Water flow lba,/seo. ——----- ,— ----- - 2.10
Water flow ou.ft./min. (measured at inlet)----- 2.^0 '
Pressure drop (P2 — Px) • lbs»/sq • Ü. ——————————Static head between sta. 2 & 3, ft. of inlet fluid 34.1 
Head due to inlet velocity (ft. of Inlet fluid)— u.7 Total head available (ata. 2 to 3), ft. of fluid "34.?""
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Teat Number 5
Valve Opening (lift)-- 0.1115
Duration of Teat ----- 2.425Water Level Difference 14

Date 3=10- 51 .
Inches.
Minutes.Inchee.

Data at Stations
■-----

/ 2 3 A J5 6 7 a ;
Absolute
Pressure, psia. 85.6 86.3 71.8 72.5 73.2 71.9 71.7Saturation .Temperature *F. 316.7 517.5 304.5 305.3 306.0 304.5 304.6Water Temp.
Measured *F. 317.7 517.7 311.6 306.8 505.3 305.5 505.2 305.5Wall 
Temperature *F. 516 307 307 507 307 507 306

^0.1.7.68
2.295

Computed Results. 
Tank Calibration Correction Factor - F. ---------  
Specific volume of inlet water cu.ft./lb. ------- Water flow lbs./sec . --------—-------------------
Water flow cu.ft./mln.(measured at Inlet) ------- Pressure drop (Pg - P^) . Iba./eq.In. ------------
Static head between ata. 2 & 3, ft. of inlet fluld36.9_____  Head due to inlet velocity (ft. of inlet fluid) ---0,6_____Total head available (ata. 2 to 3), ft. of fluid 37.7

Test Number 6
Valve Opening (lift)-- 
Duration of test ----  Water Level Difference

Inches.Minutes.Inches.

Date 3-10-51

Data at 
Stations / 2 3 -4 5 6 a
Absolute Pressure, psia. 68.2 68.0 56.8 57.6 58.^ 57.3 56.9raturaLion Temperature eF. 501.2 300.8 289.0 290.0 290.8 289.7 239.-2Water temp.
Measured *F. 500.3 301.= 295.8 291.3 290.5 290.5 290.C 290-<Q

_____
^all 
Temperature °F. 300.2 290.0 291.0 290.5 291,3 2.S0J
Computed Results. • Tank Calibration Correction Factor - F. --------- 0.921Specific volume of inlet water cu.ft./lb. ------- 0.01747Water flow lbs ./sec .  ----------------------------  1.933Water flow cu.ft./mln. (measured at Inlet) ------ 6.020 '
Pressure drop (Pg - Pj). lbs./eq. in.----------- 11.2Static head between ata. 2 & 3, ft. of inlet fluid 28.1 
Head due to inlet velocity (ft. of inlet fluid)-- 0-5Total head available (sta. 2 to 3), ft. of fluid 287 "
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Teel Number 7
Valve Opening (11ft)-- 
Duratlon of Test ----- Water Level Difference

Date 3-9-51
Inches.Minutes.Inches•

Data at Stations / a 3 5 6 a
AbsolutePressure, psia. 85.5 86.2 77.2 77 J 78.3 78.1 76,9.
SaturationTemperature eF. 316.1 317.5 509.7 309.6 3IO.6 310.5 509.2
Water Temp.
Measured *F. 315.C 315.3 512.0 310.C 309.3 309.0 2Q2D0
Wall ' -------
Temperature °F. 312.C 315.0 510.0 310.0 31Q.r..Q 310.5 310^0 50^.2
Computed Results. Tank Calibration Correction Factor - F. --------Specific volume of Inlet water cu.ft./lb. ------- 
Water flow Ibe./eec .---------------------.--------Water flow cu.ft./mln.(measured at Inlet) ------- 
Pressure drop (Pg - P5). lbs./sq.In. ----------- -­Static nead between sta. 2 & 3» ft. of Inlet fluid Head due to Inlet velocity (ft. of inlet fluid) - 
Total head available (sta. 2 to 3)» ft. of fluid

1.756­
. 1.655

21*2

Test Number 8 Date 1^51__

Valve Opening (lift)-- 0» 1115 Inches.Duration of teat — — — 2»72o Minutes.Water Level Difference 1O Inches.

Data at
Stations / 2 3 4 5
Absolute Pressure, psia. 85.5 87.2 8U 81.4 82.8
Saturation 
Temperature *F. 316.7 318.2 213.4 313.4 >14.4
Water Temp.Measured *F. 314.8 314.8 314.C 313.3 >13.2
Uall ......
Temperature *F. 313.4 314.8 314.4 314 ,4 >14,4

6 7 a

82.3 81,4

314.C LISA

313.C 313.0 213*0.

314.4 314.4 314,4.

Computed Results.Tank Calibration Correction Factor - F.---------Specific volume of inlet water cu.ft./lb.------- Q«017.00-
Water flow lbs ./sec.-----------------------------Water flow cu.ft./mln. (measured at inlet)------ r'jt "
Pressure drop (Pg - P3) • lbs./eq. in.-----------Static head between eta. 2 & 3» ft. of inlet fluid 1417 „„ 
Head due to inlet velocity (ft. of inlet fluid)— -----
Total head available (sta. 2 to 3) » ft. of fluid
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Teet Number 9 3-9-51

Valve Opening (lift)— 0.1115 Inchee.Duration of Teat ----- 5.890 Minutes.*ater Level Difference 11 Inches.
Data at ‘Stations i ’ 2 3 A 5 6 7 r aAbsolute
Pressure, pela. 68.167.5 61.9 63.0 64.3 62.= 62.4Saturation Temperature "F. 301.2 300.6 294.6 295.7 297.3 295.3 295.3Water Temp.
Measured *F. 302. C 302.0 300.3 296.5 296.5 296.5 296.5

2965
Wall 
Temperature °F. JOO. J 501.5 296.8 296.8 mo 298.6 298^0
Computed Résulta. 
Tank Calibration Correction Factor - F. - Specific volume of inlet %ater cu.ft./lb. Water flow lbs./sec. --------------------- 
Water flow cu.ft./min.(measured at inlet) Pressure drop (Pg - Pj). ibs./sq.in. ----Static head between ata. 2 & 3, ft. of in
Head due to inlet velocity (ft. of inlet Total head available (ata. 2 to 3), ft. fluid) of fluid

Test Number 10

JQjl221

Date 3-10-51
Valve Opening (lift)-- 0.1115 Inchea.Duration of teat -- - 3.804 ~ Minutes.
Water Level Difference ' ~~ inches.
Data at 
Stations /

" -...
2 3 4 5 6 a

Absolute Pressure, pela. 68.2 68.1 54.9 55.4 5^6 55.3 54.5saturation 
Temperature *F. 317.4 317.3 287.0 287.7 289.0 287.5 286.5Water Temp. 
Measured *F. 301.5 501.8 293.0 288.5 287.8 287.0 285.8 285.6Wall 
Temperature *F. 500.3 288.8 288.8 288.8 288.4 >88.4
ComjgutedReaniilJ^g^ Tank Calibration Correction Factor - F. --- ----- 0.921Specific volume of inlet water cu.ft./lb.---- -— 0.01747Water flow Iba ./sec . --------------- ------------- 21085^
Water flow cu.ft./min. (measured at inlet) ------ 2.185
Pressure drop (Pg - Pj) . lbs./eq. In. ----------- Ig.g "Static head between ata. 2 & 3, ft. of Inlet fluid 35 
Head due to inlet velocity (ft. of inlet fluid)—U«?
Total head available (sta. 2 to 3), ft. of fluid 33.9
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Test Number 11 Date 3-9-51
Valve Opening (lift)-- 0-1115 Inches.Duration of Test ----- 2.576 Minutes.Water Level Difference 10 Inches.

Data at .Stations j ' a 3 5 6 7 a
Absolute 1Pressure. psia. ' @5-5 87.2 81.2 81.4 83.3 82.? 81.4_
Saturation Temperature *F. 316.6 318.2 313-3 314.? 514.8 314.1 jl?,4Water Temp.Measured ‘f. 313 313 313 313 515 313Wall Temperature °F. 312,0 311.7 511,7 31^7 511,7. 311.1:
Computed Results. Tank Calibration Correction Factor - F. -------- 0.917Specific volume of Inlet water cu.ft./lb♦ ------- 0.01758
Water flow lbs./sec. - -  --------------------------- 1 - 46^Water flow cu.ft./mln. (measured at Inlet) ------- 1.543
Pressure drop (22 - P3) . lbs./eq.in. ------------ 6.0 tStatic nead between ata. 2 & 3, ft. of inlet fluid 15.2 Head due co inlet velocity (ft. of inlet fluid) - 0.3____
Total head available (ata. 2 to 3)» ft. of fluid 15.5____

Test Number Date 4—21—51
Valve Opening (lift)-- 0 -1115 Inches.Duration of test ----- 4.296 ' Minutes.Water Level Difference 17 inches.

Data atStatlons
—/

7
2 3

—
4 6 s

zibs 0 lutePressure, osia. 66.9 66.8 60.6 61.1 61.4 60.6 60.< 1 6.1,6
Saturutlon Temperature . 299.8 299.7 299-0 294.0 294.2 293-S 293.8 224J
Water Temp.
Measured e F. 299-3 299.3 295.8 294.3 225^3 293.3

294.1
293.2
294.1

293.3
Wall Temperature "F. 296.5 297-5 293.3 293.3 293.8
Computed Results. .Tank Calibration Correction Factor - F. ---------—09%41_Specific volume of inlet water cu.ft./lo. ----------Q.-Q1744Water flow lbs ./sec .  ------------ --- ----------- —11^01—
Water flow cu.ft./mln. (measured at Inlet) ------ 1*570
fressure drop (Pg - - its./sq. In. -----— ---- "Static head between ata. 2 & 3 » ft. of inlet fluid 15.fi Head due to Inlet velocity (ft. of inlet fluid)—0-4 _
Total head available (s ta. 2 to 3)» ft- of fluid 15-9
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leat Number 13 Date 4-20-51
Valve Opening (lift)-- 0.1115 Inches.Duration of Test ----- 2.193 Minutes.Water Level Difference 19 — Inches. •

Data at .Stations : ' - a 3 A 5 6
——7

r ■ ■

a
Absolute iPressure, psla. ‘118.5 117.4 84.9 85.9 65.7 84.9 84.8 84.4
Saturation LTemperature eF. p40.4 339.6 316.3 317.1 317.0 516.? 316.C 315-4Water Temp. i
Measured. F ^39.3 339.2 320.5 317.8 717.8 517.0 316.S 216,4Wall iTemperature *F. £37.0 339.2 319.7 319.7 312,0 5.17^4 .316^ 315,8
Computed Results. Tank Calibration Correction Factor - F. ------ -- 0.903
Specific volume of inlet water cu.ft./lb. ------- 0.01786
Water flow Ibe./aec . ----------------------------- 3.22Water flow cu.ft./min. (measured at Inlet) ------- 3.455
Pressure drop (Pg - P3) . lbs ./aq.in. ------------ 32.5____Static nead between sta. 2 & 3, ft. of Inlet fluid 83.0 Head due to inlet velocity (ft. of inlet fluid) - 1.7____
Total head available (ata. 2 to 3)» ft• of fluid 85.3

Test Number 14
Valve opening (lift)-- 0.1115
Duration of test----  3«825
Water Level Difference 21

Date 4-21-51
Inches.Minutes.
Inches•

Data at Stations i / 2 A .5 to 7 a
AbsolutePressure, rsla. 49.2 48.7 36.1 36.9 36.6 36.6 37.2
SaturatienTemperature *F. B8O.3 279.2 261.4 262.5 262.0 2616 263.0 263,5.
Water Temp.Measured °F. B76.2 276.2269.0 263.6 263.6 263-0 263.0 263,0.
Wall 
Temperature °F. ^73.0 275.5 264.0 264.0 264.5 264.2 26?. e 262.3
Computed Results.Tank Calibration Correction Factor - F. ---------—Q,935-.-.Specific volume of inlet water cu.ft./lc. ------- 0•01722
Water flow lbs ./sec. ------------------------- ---- ‘ _Water flow cu. ft./mln. (measured at inlet) -----  Pressure drop (Pg - P^) • lbs./eq. in. ----------- 42.5
Static head between sta. 2 J, ft. of Inlet fluid t1.1 Head due to inlet velocity (ft. of inlet fluid)—0.7 Total head available (sta. 2 to 3)» ft. of fluid 31.8
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Teat Number , 15 Date 4-21-51__
Valve Opening (lift)-- 0.1115 Inches.Duration of Test----- 2.255 Minutes.Water Level Difference 18 Inches.

a2 3/Data at
AbsolutePressure, psia. 118.4 117.3 89.6 90A 90.6 90.0 90.4 89.5
Saturation 
Tempera ture *F. 540.2 339.6519.8 320.7320.6520,3 320^31Sb&
Water Temp. ^l.O 541.0526.2 521.8321,5521^.5^5521^ 

^57.81341.0(324.01524 ^524.5^22^5^2l^56^^4
Measured r. wm-----------  Temperature °F.
Computed Results. .Tank Calibration Correction Factor - F.-------- 0-90? _Specific volume of Inlet water cu.ft./lb. -- ---- 0.01787
Water flow lbs ./eec . ----------------------------- 2.97 Water flow cu.ft./mln. (measured at Inlet) ------- 3.185
Pressure drop (Pg - Pj ) • lbs ./sq . In. ------------ 27.7Static nead oe tween a ta. 2 & 5, ft. of inlet fluid 71.3 Head due to inlet velocity (ft. of inlet fluid) - 1.5Total head available (ata. 2 to 3)• ft. of fluid 72.8

Test Number 16 Date 4-21-51
Valve opening (11ft)--
Durat1on of teat -----Water Level Difference

Inches.Minutes. Inches.

Data at
S tatlons______  fiba o lute
Pressure, tela II8.41I7.5 94.2
Saturatlon Temperature *F. Water temp...  "
Xeasured * F. mi-----------  
Temperature *F.

540.2559.6)25.6 
,541^341^)30..^. 
557.3540.1B26.^

94.5 95,0 _54^
325.7)24.2. 323.8324.5524.^1
325.5525^5. 325^525^5525.5-
325.5626.51326.d325.5524^5-

e

Computed Results. Tank Calibration Correction Factor - F. --------- 0.903-—Specific volume of inlet water cu.ft./lb. ------- P.O1787-
Wa ter flow lbs ./sec .------------- --------------- 2,757---
Water flow cu.ft./min. (measured at inlet) ------ 2«S3----
Pressure drop (Pg - Pj) • lbs./aq. in. ----------- ----------Static head between eta. 2 & 5e ft• of inlet fluid59»5 . 
Head due to inlet velocity (ft. of inlet fluid)— -----Total head available (s ta. 2 to 3)» ft. of fluid po» „,
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Teat Number 17 Date 4-21-51
Valve Opening (lift)-- 0.1115 Inches.Duration of Test----- 2 «449 Minutes.Water Level Difference 16 5T Inches.

Data at stations_______  
Absolute Pressure, paia. Saturation 
Temperature °F. Water Temp.Measured er'. wm-----------  
Temperature °F.

  ------------- ------------- ------------- ------------- ,-------------  
/-----2.3 A 5 G 7 i â

■----- h—i---------------------- —-------1------ i; 114J 113.61 95.0 95.2 95.5 95.7 96.o' 95.L 
} 337.6 337.2?24.2 )24.4324.5 324.6324^24,6 
i 336.2336.3^28.7 324.0^24.0 324.8^24.8^24.8 
! 332.9336.3^24.8 |324.ob24.ob^6-7D23,2^24.0.

Computed Results. Tank Calibration Correction Factor - F. -------- 0.903,
Specific volume of inlet water cu.ft./io. ------- 0.017c2
Water flow lbs ./sec . ----------------------------- 2.50Water flow cu.ft./mln. (measured at inlet) ------- 2.67
Pressure drop (Pg - P^). lbs./sq.in. ---- ------- 18«8
Static head between s ta. 2 à 3, ft. of inlet fxulù 48.3 Head due to inlet velocity (ft. of inlet fluid) - 1.0____
Total head available (sta. 2 to 3). ft. of f^uid 49,3

Test Number 18 Date 4—21—51
Valve opening (lift) -- 0 * H15 Inches .Duration of test ----  4.171 Minutes.Water Level Difference 14 Inches.

Data atStallona 7 2 2 A 5 6 7 _ S J
Absolute
Pressure. oela. 118.3 118.3 114.1114.8 115.6 114.7 114.7
SaturationTemperature "F. 340.2 540.2 337.5337.8 338.6_____ 537.8 337.j
Water Temp. 
Measured *n 339.5639.5 338.6338.2,33^.533^213^2-33^ J
«fall
Temperature "F. 339.5b39.5l 338.d338.6hlS.43%.5^38.51338.3

Computed Results.Tank Calibration Correction Factor - F. --------- specific volume of inlet water cu.ft./it. ------- 
Water flow lbs ./sec . ---------------- *-----------Water flow cu.ft./mln. (measured at inlet) -----  
Pressure drop IPg - P^)• Ibs./sq. In. ---- ------
Static head between sta. 2^3» ft. of Inlet fluid Head due to inlet velocity (ft. of inlet fluld) Total nead available (sta. 2 to 3)» ft. of fluid

0-903__ Q.Q1786 
1.249
4if- 
ÏÔ75 
"U73----  
1079------
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Test Nunber 19
Valve Opening (Ilft)-- 0.1465Duration of Test-----2.970Water Level Difference 20

Date
Inches. Minutes Inches.

Data at ,Stations - ‘
" "!

2 3 A 6 7 a j
Absolute ÎPressure, psia. $ 66.5 66.1 52.9 52.9 53.0 52.8 53.1 535Saturation ’
Temperature "F 1299.1 299.2 284 A 284.4 284.1 284.5 284.8 284.9Water Temp. ;Measured *r. 1299*4 299.0 292 .e 286.8 286 Z 286 ZJ 286.0 2854Wall ' ' ’ T 1
Temperature *F. >295.C 295.5 287.5 288.5 293.5 292.8 290.0
Computed Results. Tank Calibration Correction Factor - F. ----- --- nopiSpecific volune of Inlet water cu.ft./lb. ------- 0.01744
Water flow lbs./sec.-- -------------------------- 2.55 ,Water flow cu.f t./ain. (measured at inlet) ----- -- 21665Pressure drop (£5 - F^). lbs./sq.ln. ------------ 13.2
Static head, between ata. 2 & J, ft. of inlet fluid 33.2 Head due to inlet velocity (ft. of inlet fluid) - 1.0Total head available (eta. 2 to 5), ft. of fluid 34.2 .

Test Number 20 Date 4-12-51
Valve Opening (Ilft)-- O* 1465 Inches. 
Duration of test--- - Minutes. •Water Level Difference ^1 Inches.

Data at ।Stations 1 / | 2 | 3 A 6 7 S
AbsolutePressure, :ela. 66.5 661U 55.7 55.8 56 JO 55.8 56.7 56.£
SaturationTemperature "F. 299*6 299.;4287.7 287.8 288 J 287.8 288J 288.£
water Temp.measured "F.____ 300.2 294J^291.0 289.9 289-S 289.9 2896 289.9
w*all
Tempe r ature * F. 293.5 300 .<4286.3 286.3 291.0 291.5 291.0 289 Æ
Computed Results. 'Tank Calibration Correction Factor - F.--------- ---Q.yi-.Specific volume of inlet water cu.ft./lb. ------- --0.01732Water flow lbs ./sec.---------------- ----*------- 2.295
water flow eu.ft./mln. (measured at inlet) ------ 2.39
Pressure drop (P2 - P3). lbs./aq. in.----------- 10 «4Static head between sta. 2 & 3, ft. of inlet fluid 26.1 
Head due to inlet velocity (ft. of inlet fluid)-— Q.8 .
Total head available (sta. 2 to J), ft. of fluid 26.9
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Test Number Date 4-12-51
Valve Opening (Ilft)-- 0» 1465Duration of Test----- 2.825Water Level Difference 14 ~

Inches.Minutes.Inches.

D& , cStations । 3 A ^676

Absolute ;
Pressure » psla. । 66 «0 66.1 59.5 60.1 60. . 59.7 60.1 60.7Saturation jTempérature °F. 1299.0299.2 292.2 292.9 292^ 292.4 292.9 293 JWater Temp. jMeasured . ! 300.2300.5 296 jO 294.4 293.9 29361293.9 293 j

Q Q A GTempérature °F. ! * ^300.2 294.4 294.4 295.0 295^95^51____ _

Computed Results. Tank Calibration Correction Factor - F. ----- --- 0.921
Specific volume of inlet water cu.ft./lb. ------- 0.01744Water flow lbs ./sec. ----------------------------- 1.88Water flow cu.ft./mln.(measured at inlet) ------- 1.967
Pressure drop (Pg * P}) « Ibs./sq.ln. ------------ 6.6Static head between s ta. 2 & 5» ft. of inlet fluid 16.5 Head due to inlet velocity (ft. of inlet fluid) - 0,6Total head available (sta. 2 to J), ft. of fluid 17.1

Test Number 22 Date 4-12-51
Valve Opening (lift)-- 0.1465 Inches.Duration of test ----  3.912 Minutes.Water Level Difference 15 Inches.

Data atStations ■
----------- ------ —' - r i

/ 2 3 A 5 6 7 a

AbsoluteF rassure, cela. 66.5 66.2 62.7 62.9 63.2 62.5 62.7 63Æ
SaturationTemperature *F. 299.6299.2 295-5 295.8 296.C 295.4 295,5.^96^5
Water Temp.
Measured *F. 298.0298.0 296.8 296.0 29640^96^296^1^96^
Wall 
Temperature F 296.01298.51 295.71295.71 295.712 96 .OB95.71 295 .f
Computed Results.Tank Calibration Correction Factor - F. ---------—0.92JU—Specific volume of inlet water cu.ft./lb.------- Q«01742Water flow lbs ./sec . ---------- ---------------------- 1 * 452—
Water flow cu. ft./ min. (measured at inlet)------ __Pressure drop (Pg - P^) . lbs ./aq. in.---- ------ —2 * % ----
Static head between sta. 2 & 3, ft. of inlet fluid °»9 
Head due to inlet velocity (ft. of inlet fluid)-- .. -Total head available (sta. 2 to 3), ft. of fluid 9.2
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Teat Number 23
Valve Opening (lift)— o.1465 Inches.Duration of Test ----  3.835 Minutes.Water Level Difference 28 Inches.
Data atStations / 2 1 3 4 J5 6 ! 7 I a
Absolute
Pressure. psia. j 66.5 66 J 53.9 . 54^ 54.4 53.»

J 54 .21 54.5
Saturation Temperature "F. £99.6 299. a285.7 286.1 286.4 285.’q286.31286.5
Water Temp.
Measured °r . Î298.6 2 99.Ct292.0 2864 285.5 285.=il 285 .5^85.5
Wall 
Temperature °F.

t '
?297.6 297.66287.3 866.6 287.5 -286-.$286—0286 .0.

So&puted Results. 
Tank Calibration Correction Factor - F. --------- 
Specific volume of inlet water cu.ft./lc. ------- Water flow Ids./sec. -----------------------------  
Water flow cu.ft./mln.(measured at Iniet) ------- Treasure drop (Pg - Px) . Ibg./sq.ln. ------------Static read between sta. 2 & J, ft. of inlet fluid xn.Q Head due to inlet velocity (ft. of Inlet fluid) --- i _p
Total head available (ata. 2 to 3), ft. of fluid xi _ Q

A.921 
0,ni74? 2-47--  
2-585

Test Number 24 Dat* ,4=12-:5JL-
Valve Opening (lift)-- Q.1465
Duration of teat----  2,657Water Level Difference 21

Inches.Minutes.Inches.
Data at
Statione

■

/ 2 3 4 6 7 s
nbs0 lute freeaure. vela. 86.0 85.7 66.1 67.4^ 68.4 67.2 67.5 6727ûaturationTemperature *F. 5174 316.8 299.0 300.5 301.3 300.2 300.5 500.5_mater Temp.
Peacured e t. 316.e 316.6306.5 301.3 300.2 300.2 300.2 500.2wall 
Temperature *F. 5150 J16.6 501.2 303.5 301.1 299.5
Computed Results.Tank Calibration Correction Factor - F.--------- „„ fl. 917 ..specific volume of inlet water cu.ft./lb. ------- m_ni76i
Water flow lbs ./sec . ----------- ---------- ------- 2.985
Water flow cu.ft./mln. (measured at inlet)    3.15Pressure drop (Pg - ) . lbs./eq. in.---- ------ 19.6 '
Static head between ata. 2 & 5, ft. of inlet fluid 49 Head due to Inlet velocity (ft. of inlet fluid)-- 1-4
Total head available (ata. 2 to 3), ft. of fluid 51.2
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fast Number 25 Date 4-12-51
Valve Opening (lift)— 0-1465 Inehee. >
Duration of Test ----- 2.201 Minutes. 'Water Level Difference 10 ' Inches.

Data at Stations / 2 3 4 5 6 7 6
Absolute
Pressure, osia. 86jO 85.8 80.3 80.7 81.4 80 Z 81.5 81.!
Saturation Temperature *F. 317.4 316.8 512.4 312.6 313.5 312^315.5)13.5
Water Temp.Measured *F. 316.6 3I6.6515.O 313.8313.8 313& 313.8 513.8flail 
Temperature F 312^ 315.851^.6 312.6313.2 312.6 312.35.12.0
Computed Results. Tank Calibration Correction Factor - F ----- 0.917,
Specific volume of inlet water cu.ft./lb.  -- - 0.01761Water flow lbs./sec. -— -- 1.651^
Water flow cu.ft./min. (measured at inlet) ——*• 1.745T
Pressure drop (^ * P)). Ibs./sq.in. ----------- - 5.5
Static head between ata. 2 & 5, ft. of inlet fluid 14.0 - Head due to inlet velocity (ft. of inlet fluid) - 0.4 _Total head available (ata. 2 to 5) , ft. of fluid 14.4

Test Number 26 Date 4-12-51
Valve Opening (lift)-- °» 1465 Inches.
Duration of teat----- Minutes.Water Level Difference Inches.
Data at Stations / 2 3 A 5 6 7* a
Absolute Pressure, psia. 86.C 85.9 71.9 72.5 72.3 72.7 73.0 73 X
Saturation 
Temperature *F. 317J 317.0)04.6 305.3505.2 305.^305.6 305 J
Water Temp.Measured *F. 316^316.6511.0 307.0506.3 3O6.23O6.3 306 J

.
Temperature *F. 315.0315.8507.0 307.0 507.2 307.6306.0 3054
Computed Results. A _Tank Calibration Correction Factor - F. ------------Specific volume of inlet water cu.ft./lb.-- -—. g»o 
Water flow lbs ./see . ---------- ------------ ----- : »Water flow cu.ft./min. (measured at inlet) -----­
Pressure drop (Pg - Px). lba./sq. in.---- —— 14.0
Static head between ata. 2 & 5, ft. of inlet fluid Vi-R Head due to inlet velocity (ft. of inlet fluid)-- 1-1 
Total head available (ata. 2 to 3), ft. of fluid ^6-6
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Teat Number 27 Date 4-12-51
Valve Opening (lift)-- O.1465 Inches.Duration of Test ----- 2.442* Minutes.Water Level Difference 11 * Inches.

Data at Stations / 2 3 • A 5 6 7 a
Absolute Pressure, psia. 86.0 85.5 80.5 80.6 81.1 80.7 82 jO 62.53aturation Temperature *F. 317.4 3170 312.5 512.5 313.0 312.5 313.7 314.3Water Temp. 
Measured 316.6 316.6 315.0 514.0 313.2 313.3 313.3 312.45Wall 
Temperature F. 311.5 315.6 313.3 513.3 313.7 514.5 315.7
Computed Results.Tank Calibration Correction Factor - Ï. ------— 0.917
Specific volume of inlet water cu.ft./lb.  ... ..... 0.017^1Water flow lbs./sec.------------- ------ --------- 1.6^7Water flow cu.ft./mln.(measured at inlet) -—---  j.794"Pressure drop (£3 - P3) . lbs ,/sq.ln. ------------ 5.4
Static head between sta. 2 & 5, ft. of inlet fluid 15.7 "
Head due to inlet velocity (ft. of inlet fluid) - 0.5Total head available (Ata. 2 to }), ft. of fluid 14.2

Teat Number 28
Valve Opening (lift)-- 
Duration of test-- - -- Water Level Difference

Date 4-12-51
0.1465 
T.554 

------ 15—

Inches. Minutes inches.
Data at 
Stations / 2 3 A 5 6 7 a
Absolute
Pressure, psia. 86.0 85.S 76.0 76.3 76.5 76.5 76 e 77O_Saturation
Temperature "F. 517.4 317 JO 308.5 308.7 309.0 509.1 309.1 309.2
Water Temp. 
Measured *F. 516.6 316.6 313.4 310.2 309.4 509.4 309J 309.4
^ali _ 
Temperature "F. 515.O 316.6 309.4 309-4 310.0 511.0 310.2 508.5

Computed Results. Tank Calibration Correction Factor - F. --------- 0.917Specific volume of inlet water cu.ft./lb. —----- 0.01762
Water flow lbs ./sec.-- --------- -—----------— 2.215
Water flow cu.ft./mln. (measured at inlet) ------ 2.54Pressure drop (P3 - Pj). Ibs./aq. in. ------- 9»9
Static head between sta. 2 & J, ft. of inlet fluid 25.5 
Head due to inlet velocity (ft. of inlet fluid)-- 0.8
Total head available (eta. 2 to 3) / ft. of fluid 9^ 1
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Teet Hueber 29 Date 4-12-51 __
Valve Opening (lift)— 0-1465 Inches.
Duration of Teat---— 3«210 Minutes.
Water Level Difference io. Inches.

stations / a 3 5 6 7 e ;
Absolute Pressure, cela. 86.C 85.9 78.8 78.5 79.3 79.0 79-9 8O.5
Saturation Temnerature "F 317.A 317-0 310.8 310.8 511.5 311-0 311.8 312.4
Water Temp.Measured *F.___ _316.6 316.6 314.0 312.0 311.5 311.5 211^ 511-5
Jail Temperature F. 311.0 311.5 311.0 311.0 312 X 312.0 2.12^0 31Q4
Computed Résulta» Tank calibration Correction Factor - F -------— .Specific volune of inlet water cu.ft./lb. -------  .
Water flow Lbe./aec. —-—-—----------- ------ - .Water flow ou.ft./mln.(measured at inlet) - - .Pressure drop - F;). 1be./eq.in. -----------­Static head between ata. 2 & 3, ft. of inlet fluid Head due to Inlet velocity (ft. of inlet fluid) - . 
Total head available (ata. 2 to 3), ft. of fluid

»

Test Number 30 Date 4-13-51
Valve Opening (lift)— 9*^416 Inches.
Duration of teat-----Minutes.Water Level Difference  Inches.

Stations
/ 2 3 4 6 S

Absolute 46.9 46.3 37.3 37.7 37.4 37.9 38.2
Saturation 277.1 276.2 263-3 263-6 263.4 264.0 264.5 264.9
Water Temp. Measured F-____ 276.2 276.5 270.3 265.5 264.5 264.2 263.926M

Temperature "F 274.7 275-8 265-5 265.5 266.8 267.2 266.2 264.Q

Computed Results. _Tank Calibration Correction Factor - >.-------- .Specific volume of Inlet water cu.ft./lb. .
Water flow lb* •/sec. —-------- ----- 7*T**rWater flow cu.ft./mln. (measured at inlet)   Pressure drop (Pg - Fj). lbs./eq. in. - 77%
Static head between ata. 2 & 3, ft. of inlet fluid Head due to inlet velocity (ft. of inlet fluid)—_ Total bead available (ata. 2 to 3)• ft- °F fluid

u.f-—22. ÿ----
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Taat Number 31
Valve Opening (lift,)-- 0« 1465 Inches.Duration of Test----- ^«450 " Minutes.
Water Level Difference * Inches.

Date 4-13-51

Data at Stations
—........

/ '2 3 5 6 7 a fAbsolute
Pressure, psia. 116. C 114.9 88.7 89.3 90.4 89.4 89.5

----
^8.6Saturation Temperature *F. 338.7 337.9 519.2 319.7 320.5 319.7 319.7 519.1Water temp.

Measured . 338.6 338.6 526.7 322.6 319.7 319-1 319.7 519.7Sall 
Temperature *F. 332.6 338.5 520.4 320.4 32?.C 319.7 517^4

Computed Results.
TankCailbratlon Correction Factor - F. - Specific volume of inlet water cu.ft./lb. Water flow lbs ./sec.------ —---------- -- 
Water flow cu.ft./mln.(measured at Inlet)
Static head between sta. 2 & 3 oHead due to inlet velocity (ft. of inlet fluid) Total head available (sta. 2 to 3), ft. of fluid

0.9 
0.0

Test Number Date 4-13-51
Valve Opening (lift)-- 0* 1465 inches.
Duration of test-----2.619 Minutes.Water Level Difference &É Inches.

Data at 
Stations / 2 3 6 7 s
Absolute
Pressure, psia. 116.0 114.8 92.6 93.0 92.6 92.5 93 y . 90-g
saturation 
Temperature "F. 338.7 537.8 322.= 322.4 322.4 322^ 321^6Water Tear: 
Measured S . 338.0 537.5 32Q.= 323.4 323.4 323.4 323.^ 323 .4
Wall 
Temperature "F 334.6 537.0 323.7 323.4 323/ 323^1 3222 321.=

Tank Calibration Correction. Factor - F. —------- Specific volume of inlet water cu.ft./lb. ------- n.oiTRA 
Water flow lbs ./sec. ------------ -----—---- -- - 3.12
Water flow cu.ft./mln. (measured at Inlet) ------ ' 3.34', 
Pressure drop (Fa - Fj). lbs./eq. in.-- ----- --- 22.0
Static head between sta. 2 & 3, ft. of inlet fluid 50.9 Head due to Inlet velocity (ft. of inlet fluid ) - - jL.o 
Total head available (sta. 2 to 3), ft. of fluid
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Test Humber 33 Date _Jt.-J3.T5A.
Valve Openins (lift)— 0.1465 Inohem.Duration of Test -—-- 2.023 Minutes.Water Level Difference 20 ~ Inchee•

Data at Stations / 2 3 5 6 7 a
Absolute
Pressure. nsla. 116.0 115.0 97.5 97.5 97.8 97.4 98.1 97.5Saturation 
Temperature *F 3?8.< 326 JO 326.0 326.2 326 JO 326.4 326^dater Temp.
Measured *F. 337.8 337.8 331.0 326.5 326.0 326.5 326.0 326. fTail 
Temperature "F. 334.5 537-0 526-5 325.5 32^ ,5. 327,8 326.5 3254
Computed Résulta. Tank Calibration Correction Factor - F. ------ Specific volume of Inlet water cu.ft./lb. -------Water flow lbs./sec.----------——----
Water flow cu.ft./mln. (measured at inlet) -—- Pressure drop (^ - P3). Iba./sq.ln.--- ------—
Static head between ata. 2 & 3» ft. of Inlet fluid"44,9 Head due to inlet velocity (ft. of inlet fluid) - 1.4
Total head available (sta. 2 to 3), ft. of fluid 46.3

Teat Number 34 Date 4-13-51
Valve Opening (lift)— 0.1465 Inches.
Duration of test ----- 2.48s Minutes.Water Level* Difference is Inches.
data at 
Stations / 2 3 4 5 6 7 &
AbsolutePressure, psia. 114.0113.8 102.7 102.4 102.2 102 .2 102.8 103 Dsaturation 
Temperature F. 337.2 337.2 329. £ 329.5 329.3 329.5 529.7 33ûujQWater Temp. 
Measured *F. 336.8 336.8 333.5 330.0 329.7 330.0 330.0^all 
Temperature *F. 334.5 536,9 339.5 329.5 329.= 329.7 329.5
Computed Results, Tank Calibration Correction Factor - F. --------- Q.903Specific volume of Inlet water cu^ft./lb. ------- 0-01783
Water flow lbs «/sec. -------- - —-------------- --- 2.24
Water flow ou.ft./min. (measured at Inlet) ------ 2.40
Pressure drop (Pg - Px). lbs./sq. in.-----—■- 11*1Static head between eta. 2 & 3, ft. of inlet fluid 26.5 
Head due to inlet velocity (ft. of inlet fluid)-- 0.6Total head available (sta. 2 to 3), ft. of fluid 29.3..
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Test Number 35 Date 4-13-51
Valve Opening (lift)-- 0.1465 Inches.Duration of Test -- - 2.6^5 Minutes.
Water Level Di fference 10 Inches.

Data at Stations / a 3 A 5 6 7 a
Absolute 
Pressure, psia. 114.0113.8 109.7 110.3110.2 110.9 110.4Saturation Temperature "F. 337.2337.2 334,7 335.0535.0 335.3 3354gWater temp.
Measured *F. 336.2335.7 334.5333.5«3.0 333-0333.0 333 JOWall
Temperature * F. 332.0 335.3 333 5 333,5 S33.r 5 33^5 333 ,5 _333^=
Computed; Results.Tank Calibration Correction Factor - ? --------------------- . .susvsSpecific volume of inlet water ou.ft./lb. ------- 001701Water flow lbs./sec . ------------ -------- - — -- — - 1.38"Water flow cu.f t./mln. (measured at inlet) ------- 1.476 ^Fressure drop (F^ - Pj). Ibs./sq.ln. ----------- - 4.1
Static head between -sta. 2 & 3» ft. of inlet fluid 10.5 Head due to inlet velocity (ft. of inlet fluid) - 0.3Total head available (sta. 2 to 3)» ft. of fluid 10.5

Test Number 36 Date 4-14-51
Valve Opening (lift)-- 0.1465 Inches.Duration of test---- 2.615 ~ Minutes.Water Level Difference 24 Inches.

Data atStations i 2. 3 A 5 6 7 e
AbsolutePressure, psia. 110.1108.9 85.6 82.5 82.5 81.5 82.6 81.5
saturation
Temperature * F. 555.1554.0 515.2514.2 314.3 313.3514.3 313.2
Water Temp.
Measured *F. 350.0530.0 322.J 315.O315.O515.O 315.0
Wall Temperature F. 527.5529.5 515.8515.0 315.5 315.0 515.0.314^
Computed Results, Tank Calibration Correction Factor - F. --------- --Qt901 ySpecific volume of inlet water cu.ft./lb. ------- 0.01776
Water flow lbs ./sec . ----------------- ------------ 3*2?
Water flow cu.ft./oin. (measured at inlet) ------ 3 » 64
Pressure drop (Pg - Pj). lbs./sq. in. ----- ----- «3Static head between sta. 2 & 3» ft. of inlet fluid 64.7
Head due to inlet velocity (ft. of inlet fluid)-- _Total head avallable (sta. 2 to 3), ft. of fluid 66.6 ,
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Test Number 37
Valve Opening (lift)-- 0.0745Duration of Teat-- - .$60
Water Level Difference "

Date 4-16-51
Inches.Minutes.Inches.

Data at Stations / Z 3 5 6 7 a
Absolute"
Pressure. pels. 66.7 66.4 45 a 44.9 44.8 44.4 45.3 44.fiSaturation 
Temperature "F. 299.7 299.3 275 JO 274.3 274.2 273.5 274.8 274.2Water Temp.
Measured *F. 301.2 301.3 277.5 276.2 275.5 275.5 275.5 274.5Wall 
Temperature *F. 299*4 301*3 277.8 277.0 276.6 276.2 §7513 274^
Computed Results.Tank Calibration Correction Factor - F. --------- 0.921
Specific volume of inlet water cu.ft./lb. ------- 0.017^5
Water flow lbs./sec. ----------------------------- 1.92Water flow cu.ft./min. (measured at inlet) ----- - 6 01Pressure drop (>2 - Fj). lbs ./eq.in. ------------ 21.1
Static nead between sta. 2 & 3, ft. of Inlet fluid $2,9
Head due to Inlet velocity (ft. of inlet fluid) - _Q.6Total head available (sta. 2 to 3), ft. of fluid 53.5 "

Test Number 38 Date 4-16-51
Valve Opening (lift)— O.O74S Inches. 
Duration of test —--  3.018 Minutes.Water Level Difference 14 ~ Inches.
Data at 
stations / 2 3 A 6 a
Absolute
Pressure, psia. 66.7 66.4 49.1 49.4 48.9 48.5 49.3 49.6saturation Temperature *F. 299.7 299.3 280 X) 280.2 279.8 279.3 280.1 880-5Water temp.
Measured "F. 302.0 502.0 285-3 281.8 281.fi 282.0 281.8 281.8rfall 
Temperature *F. 298.5 501.3 282.0 282.0 281.fi 281.2 281.2 280.6
Computed Results, Tank Calibration Correction Factor - F. --------- 0*921specific volume of inlet water cu.ft./lb. ------ 0*01745
Water flow lbs ./sec . ----------- ----- ------------ 1*76
Water flow cu.ft./mln. (measured at inlet) ------ 1-84*
Pressure drop (Pg - Pj). Ibs./sq. in. ----------- 17.^
Static head be tween eta. 2 & 3. ft. of Inlet fluid 4^-6 Head due to inlet velocity (ft. of inlet fluid)-- O.A 
Total head available (sta. 2 to 3)• ft. of fluid 44.1
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Teat Number 39 Date 4-16,5J--
Valve Opening (Ilft)-- Duration of Teat ----- Water Level Difference

Inchea. 
Minutes. Inchea.

Data at ; .Stations ; ' a 3 A 5 6 7 a
AbsolutePressure, paia. 66.7 66.4 54.7 55.0 54.8 55.7 55.3 55.9Saturation 
Temperature *F. 299.7 299.3 287.7 287.3 287.7 288.C 287.9 ^88^.Water Temp.
Measured *F. 301.8 301.3 292.8 288.5 288.5 288.5 288.5 588-5Wall Temperature *F. 289.C 301.3 289.^289.5 289.5
Computed Résulta. Tank Calibration Correction Factor - F. -------- n.Q2iSpecific volume of Inlet water cu.ft./lb.-- ---- n.m?
Water flow Ibe./eec .-- --------------------------- 1-487Water flow cu. ft./min. (measured at inlet) ------- 1-^88
Pressure drop (Pg * P3) ♦ lbs./aq.in. ------------ 11.7Static nead between ata. 2 & 3, ft. of inlet fluid 2Q.^_ Head due to inlet velocity (ft. of inlet fluid) - 0.4Total head available (ata. 2 to 3)» ft. of fluid 27.7

Test Number 40
Valve Jpenlng (lift)-- 0.0745
Duration of teat ----- 4.156Water Level Difference 14

Date 4-18-51
Inchea.Minutes. 
Inches.

Data at Stations / 2 3 A- S 6 7 a
AbsoluteFressure, pela. 66.7 66.7 58.3 59.1 . 59.2 58.^
Saturation
Temperature "F. 299.7 299-8 290.9 291.7 291.8 291.3 291^1 292.3
Water Temp.Measured *F. 300.2 500.2 296.0 292.8 291.6 291.6 291.6 291JQ'Jail * " ' '
Tempe ra ture * F. 297.6 298.5 292.C 291.6 291J0 292.0 291^ _2_9Qx5

Tank Calibration Correction Factor - F. --------- —0.921._Specific volume of inlet water cu.ft./lb. ----------Q&0174A
water flow Iba ./aec. ---------------- ------------Water flow cu. f t ./mln. ( meaaured at inlet) ------
Presaure drop (Pg - Px) . lbs./eq. in. ---- ------ _
Static head between sta. 2 & 3, ft. of Inlet fluidHead due to inlet velocity (ft. of Inlet fluid)-- 0.3
Total head available (sta. 2 to 3)» ft. of fluid 21.5
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Test Number 41 Dat* 4-1^-Sl

Valve Opening (lift)-- 0.0745 Inchee.Duration of Teat----  6.427 Minute».Water Level Difference 16 Inohee.
Data at ,Statione / 2 3 5 6 7 s
Absolute
Pressure, psia. 66.7 66.4 62.4 63.5 63.7 63.1 63.6 63.9Saturation 
Temperature *F. 299.7 299.3 295.3 296.3 296.5 296.2 296^ 296.7^ater Temp.
Measured °F. 296.0 296.0 295^) 294.0 295.5 295.5 295J 295.5mi......... .
Temperature "F. 294.3 295.Q 834-1 29&J 294.3 294.2 294.C
Computed Result». Tank Calibration Correction Factor - F.---- 0.021 Specific volume of inlet water cu.ft./lb.------ 0.01740
Water flow lb»./eec. -------- —■------------------ 0.945Water flow cu.ft./min.<measured at inlet)------- Q.Q87Pressure drop (fg - Pj). lbs./eq.in. —-- ------- . 4.0 __Static head between ata. 2 & 3, ft. of inlet fluid in.o Head due to inlet velocity (ft. of inlet fluid) - 0.1 ...Total head available (ata. 2 to )), ft. of fluid 10.1

Test Number 42
Valve Opening (lift)-- 0.0745Duration of teat ----  3.471Water Level Difference 14

Date 4-18r51..
Inches.Minutes. Inches.

Data at 
Stations / 2 J 4 6 7 S
AbsolutePressure, pela. 47.2 46.7 33,2 33.5 33/) 32.5—3X2 . 32^Saturation Temperature *F. 277.5 276.7 256.1 256.7 255.S 255.2 856.1 255^
water Temp.Measured *F. 276.2 576.2 257,3 254,5 253. « 254.2 254.5 ^53 J5
Wall Temperature “F. 274,7 276.2 2^2 856,1 856 fl 254.5 253.8

Computed Results. Tank Calibration Correction Factor - F.---- ------- 0.935.—Specific volume of inlet water cu.ft./lb. ------- 0-01722
Water flow Iba ./aec. ---------------- ------------ 1>55^—Water flow cu.ft./min. (meaaured at inlet) ----- 1.605
Freaaure drop (Pg - Px). lbs./eq. in.-- -------- 13*5Static head between eta. 2 & 3, ft. of inlet fluid 33*5 
Head due to inlet velocity (ft. of Inlet fluid)-- O*2 
Total head available (ata. 2 to J), ft. of fluid 33.9
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Teat Number 43
Valve Opening (lift.)-- 0.0745Duration of Teet ----  2.627 ~Water Level Difference 1^.5 '

D&w 4-17-51
Inches.Minutes.Inches »

Data at ;Stations i ’ a 3 5 6 7 a
AbsolutePressure, psia. 86.3 86.2 56.7 56.0 56.2 56.1 56.5 56.6Saturation 
Temperature "F. 317.4 317.4 288. £ 288.3 288.7 288.5 288.0 288.1water Temp.
Measured *F. 316.7 316.7 2 91.0 289.5 289.8 289 £) 287.5 287^Wall 
Temperature "F. 508.6 315.8 291.C 289,5 288 X 287.5 2.87 ^5. -256^
Computed Results.Tank Calibration Correction Factor - F.--- - 0.917Specific volume of inlet water ou.ft./lb. ------- 0.01761
Water flow lbs./seo.  ----------------- ---------—2.^^ ..Water flow cu. ft ./min. (measured at inlet) ------- 2.35Pressure drop (£3 - P3) . lbs./sq.in.--- -------- 29.5Static head between sta. 2 & 3, ft. of inlet fluid 74.0 ""
Head due to inlet velocity (ft. of inlet fluid) - Q.8____ Total head available (sta. 2 to 3), ft. of fluid 75.6

Test Number 44 Date 4-17-51
Valve Opening (lift)-- 0.0745 Inches.Duration of test ----- 2 367 Minutes.Water Level Difference 13 ~ Inches.

Data at Stations / 2 3 A 25 6 a
absolute Pressure, pela. 86.3 86.2 61.7 62.7 63.3 62.0 61^ 62.6saturation Temperature "F. 317.4 317/1 294.5 295.4 296.C 294.4 294.4 255^1water Ÿemp.
Measured *F. 314.0 314.0 298.5 296.0 295^6 295.2 2955 224^2Wall Temperature *F. 312.0 312.6 304.8 305.5 306^ 309.5 308.7 307.7
Computed Results. Tank Calibration Correction Factor - F. --------- 0.917Specific volume of inlet water cu.ft./lb. ------- 0.01758
Water flow lbs ./sec . ------------ *--------------- 2.075Water flow cu.ft./min. (measured at inlet) ------ É.loB
Pressure drop (P3 - Pi) . lbs./eq. in. ---- ------ 24.5..
Static head between eta. 2 & 3, ft. of inlet fluid 61.9 Head due to inlet velocity (ft. of inlet fluid)-- 0.7 Total head available (sta. 2 to 3)• ft. of fluid 62.6
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leet Number Da ce 4-17-51
Valve Opening (lift)-- 0.0745 Indies.Duration of Test ----  3.700 Minutes.Water Level Difference 18 ~ Inches.

Data at Stations ; / 2 3 4 6 —7
—

a ;
AbsolutePressure, psia. ! 86.3 86.6 68.4 68.8 69.$ 68.8Hi 69.4SaturationTemperature °F. 1317.4 317 £ 301.3301.8 302.6 301.8 302.2 302.^Water Temp.Measured *V. ;316.7 316.7 305.5 302.5 302 jQ 30.1^5 -301-3

301.3
301^
299.6

Wall Temperature °F. hu.o. 3.titO 302.0 504.3 302.0 3Q2,jQ

Computed Results, lank Calibration Correction Factor - F. ------ -- 0.917Specific volume of Inlet water cu.ft./lb. ------- 0.01761
Water flow lbs ./sec . ----------------------------- 1.79Water flow cu.ft./mln.(measured at Inlet) ------- 1.89
Pressure drop (Pg - Pj). lbs ./sq .in.---- ------- 18.2Static head between sta. 2 & J, ft. of inlet fluid 46.3Head due to Inlet velocity (ft. of Inlet fluid) - 0.5
Total head available (sta. 2 to 5), ft. of fluid 46.8____

Test Number 46 bate .4-17-51

Inches.
Minutes.
Inches.

Valve opening (lift)--
Duration of test —Water Level Difference
Data at
Stations / 2 4 5 6 a
AbsoluteI res sure. osia. 86.3 86.5LT^.o 73 JO TiU,_73^4._a Curation Temperature “F. 517.4 317-4 305.9 305.7 306.3 506.3 307-C 306.8
water Temp..-.ensured °F. 515.8 315. E 310.2 307.0 306 jO 506.0 306.0 306.0
WallTemperature °F. 314.0 315.5 307.0 306.5 306.5 506.5 306.5 306.0
Computed Results.Tajik Calibration Correction Factor - F. ----------- 0.917__specific volume of inlet water cu.ft./1o.-------  ,.Q.01798
Water flow lbs ./sec . ----------------------------- 1»5§2 .Water flow cu.ft./min. (measured at inlet) ------ 1.685
Treasure drop ( - P?). lbs. /uq . in.-- --------  13.2Static head between :ita. 2 &- 3r ft. of inlet fluid 34.1
Lead due to inlet velocity (ft. of inlet fluid)-- °Total head available (sta. 2 to 3)> ft. of fluid 34.5
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Test Number ^7 Date 4-17-51
Valve Opening (lift)-- 0.0745 Inches.Duration of Test ----  4.8o3 Minutes.
Water Level Difference 15.5 Inches.
Data at Stations ' / 2 3 A 5 6 7 a
Absolute
Pressure, psia. 86.3 86.8 80.7 80.7 81.9 81.6 82.3 81.3Saturation Temperature "F. 317.4 317.7 312.5 512.5 313.6 312.4 314.2 313.2
Water Temp.
Measured °F. 313.5 313.5 312.7 513.0 313.0 313.0 313.0 313.9Wall 
Temperature *F. 310.3 312.6 312.0 511.0 311.0 310.3 311.0 310.3
Computed. Results, tank Calibration Correction Factor - F. ----- --- 0.917
Specific volume of inlet water cu.ft./ib.-------Water flow lbs ./sec. ------------ ---------------- 1.197Water flow cu.ft./mln. (measured at inlet) ------- 1.263
Pressure drop (^2 - P5). lbs./eq.in.     6«S * 
Static head between sta. 2 & J, ft. of inlet fluld"15.5 """ Head due to inlet velocity (ft. of inlet fluid) - 0.2 "
Total head available (sta. 2 to 3), ft. of fluid 15.7____

Teat Number 48 Dat# 4-17-51
Valve Opening (lift)-- 0.0745 Inches.Duration of test-- - 2.682 Minutes.Water Level Difference 18.5 Inches.
Data at Stations / 2 3 A 5 6 a
AbsolutePressure, pela. 114.3 114.2 73.9 72.9 72.9 72.3 72.6 72.3
Saturation----
Temperature *7. 537.6 337.5 306.5 305.5 305.5 3050 305.3 305.1
Water Temp. Measured *F. 536.5 336.= 307.0 306.2 305.5 505.2 306.1 305.2
Wall Temperature *F. 533.6 336.2 307.8 306.2 306.2 505.5 304.0 303.Q
Computed Results, Tank Calibration Correction Factor - F. --------- Specific volume of inlet water cu.ft./lb. ------- O.017^3
Water flow lbs ./sec . ---------------- ------------ 2.56Water flow cu.ft./mln. (measured at Inlet) ------ 2.735
Pressure drop (Pg - P^) . lbs./aq. In. ---- ------ 40.3
Static head between sta. 2 & 3, ft. of Inlet fluid 103.7Head due to inlet velocity (ft. of Inlet fluid)-- 1.1Total head available (sta., 2 to 3) • ft. of fluid 104.8
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Test Number 49 Date 4-17-51
Valve Opening (lift)-- 0.0745 Inches.
Duration of Teat-----6,233. Minute».Water Level Difference 16 Inches.

Data at Stations Absolute Pressure, psla. Saturation Temperature 
Water Temp. Measured Wa'll 
Temperature *f.

/ 2 3 A 5 6 7 a

114.3114.2 109^110.2110.1 Ki UCUl-lQSLa
337.6337.5 334.= 334.9535.3 ____ _336.4 .334,^
335.£535.8 334.£335.4535.3 335^ 335^2 33543

. 332x0 a4x5.333.5l333..5l532. fl 1332^

Computed Results. oTank Calibration Correction Factor - F ------- __Specific volume of inlet water cu.ft./lb.-------
Water flow lbs./sec.    ——— ------- —£1^553—Water flow cu.ft./mln. (measured at Inlet) —-- — __ laQlQ.._
Pressure drop (^g - P3) . lbs./eq .in. —------ —- . .4*6 ■ —Static head between ata. 2 & 3* ft. of inlet fluid ,„„ Head due to inlet velocity (ft. of Inlet fluid) - __— 
Total head available (ata. 2 to 3) , ft. of fluid 12&Q .. —

Test Number 50 Date 4-17-51
Valve Opening (lift)-- 0*0745 Inches.
Duration of test ----- 2.941 Minutes.Water Level Difference 17«5 Inches•

Data at Stations / 2 3 A 5 6 7 S
AbsolutePressure, pela. 114.3 114.264.1 84.2 84^6 84.2 85X) 84.3
Saturation 537.6 337.5315.5515.5 313.8515.5 316.: 315.6
Water Temp. 535.8 335.8319.0517.0 316.7 516.6 315.*315,5
ym— —
Temperature *F, 53I.O 334.5 315.8 515.4 315^1 514.4 314.0 313.4
Computed Results. Tank Calibration Correction Factor - F. -------Specific volume of Inlet water cu.ft./lb. -----—
Water flow lbs./see. ----------- -—- -Water flow cu.ft./mln. (measured at Inlet) ------ Pressure drop (Pg - P3). lbs./eq. in.---- —---r 
Static head between sta. 2 & 3» ft. of Inlet flul Head due to inlet velocity (ft. of inlet fluid)-* Total head available (sta. 2 to 3)» ft. df fluid

57ST
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Teet Number 51
V a Ive Opening (lift) 0.0745 Duration of Teet-- - ).524Water Level Difference 15 ~

Date 4-17-51
Inches.Minutes.Inches.

Data atStations 2 3 4 5 G 7 â
Absolute
Pressure, psia. J114.3 114.2 101.1 100.5 101.3 101.6 JLQ2_a 102.3Saturation Temperature "F 537.6 337.5 328.8 328.3 328.7 529.1 329.1 322.6Water Temp.
Measured *F. 535.3 335.3 331.0 328.4 328a 528.4 328.4 3,28.4Wall 
Temperature "F. 531.0 335.3 328.4 328,0 328-Q 528.4 328.4 328.0
Computed Results. Tank Calibration Correction Factor - F. ----- —- n.qn?Specific volume of Inlet water cu.ft./lb. ------- n_oi
Water flow lbs./seo. ----------------------------- 1 -RRWater flow cu.ft./mln.(measured at inlet) ------- l_7oPressure drop - Pj). Ibs./sq.in. ------------ 13-1Static need between sta. 2 & 5, ft. of inlet fluid 33-4 Head due to inlet velocity (ft. of inlet fluid) - 0-4Total head available (sta. 2 to 3), ft. of fluid 33-8

Test Numter 52
Valve Opening (11ft)-- 
Duratlon of teat ----  Water Level Difference

Date
Inches.Minutes.Inches.

Data at Stations 1 2 3 4 5 6 a
AbsolutePressure, psia. 112 2 112.4 100.0 99.5 100.2 100.7 101.4 LOI. 2Saturation 
Temperature "F. 336.4 336.4 227.8 227.5 228.2 228.1 228.8 >28. aWater temp.
Measured *F. 334. C 334.0 531.0 329.5 529.5 329.= 329.R 529.6-Wall 
Temperature "F. 332. £ 231x2 ?2gdL 326..7. 528.7. 328.7 328,Z 52a-CL
Computed Results.Tank Calibration Correction Factor - F. —-------- .Specific volume of inlet water cu.ft./lb. -------
Water flow lbs./sec. ---------------------------­
Water flow cu.ft./mln. (measured at Inlet) -----­Pressure drop (Pj - Pxj. lbs./sq. In. ----------­
Static head between sta. 2 & % ft. of inlet fluid Head due to inlet velocity (ft. of inlet fluid) 
Total head available (sta. 2 to 3), ft. of fluid 32TZ
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Teat Nunber 53 Date 4.18.5a---
Valve Opening (lift)—0.0745 Inches.
Duration of feet ----- 3.244 Minutes.Water Level Difference 17 Inches.

Data at 
Stations / a 3 5 6 7 a !
Absolute
Pressure, pela. 112.2 112.1 88.5 89.2 89.8 Rp^c! Rp-R 89.4Saturation 
Temperature *F. 336.4 536.3 319.3 319.5 520.0 319.8 320.0 -319JÊWater Temp.
Measured F. 334.5 334.5 325.2 321.5 521.5 321.5 321.5 321.=Well 
T.np.ratur. *F. 331-5 533,5 322,3 321.5 521,5 322 D 521.5 320 3

Computed Results. Tank Calibration Correction Factor - F. --------- 0.917
Specific volume of inlet water cu.ft./lb. ------- 0.01781
Water flow lbs./sec.------------ ---------------- j..975Water flow cu.ft./min.(measured at inlet) ------- 2.11Pressure drop (^ - Fj). lbs./eq.in. ,— --------- 23.2_
Static head between sta. 2 & 3, ft. of inlet fluid 59.5 ■
Head due to inlet velocity (ft. of inlet fluid) - 0.6
Total head available (sta. 2 to )), ft. of fluid 60.1

Teat Number 54 Date 4-19-51

Valve Opening (lift)-- 0.035 Inches.
Duration of test ----  7.467 Minutes.Water Level Difference 14 Inches.
15a ta at 
Statlone / 2 4 5 6 7 a
AbsolutePressure, psia. 37.3 36/» 26.6 26.6 27.7 27 <7. 28.3
Saturation
Temperature "F. 263.2 261J 1243.5 243.5 245.= 245.6 247P SATL-jQ^ater Temp.
Measured *F. 258.0 257.3 249.1 246.5 245.8 245.8 245.8 245.8
Wall
Temperature "F.j256.5 .^57^ 245^. 245. ( 245.8 240X1
Computed Results. .Tank Calibration Correction Factor - F. ---- ---- - 0*g4gSpecific volume of inlet water cu.ft./lb. ------- 0-0^705Water flow lbs./sec.  --------------- ------------ ^*729
Water flow cu.ft./mln. (measured at in-et) ------ ~
Fressure drop (Fg - Fj). lbs./sq. In. ---- ------Static head between eta. 2 & 3, ft. of Inlet fluid 24.1 
Head due to inlet velocity (ft. of inlet fluid)-- ^0.1 
Total head available (sta. 2 to 3)» ft. of fluid 24.2
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Teat Number 55
Valve Opening (lift)-- 0.035Duration of Test ----- Water Level Difference

Date 4-19-51
Inches. 
Minutes 
Inches.15

Data at Stations / 2 345e 7 a

Absolute
Pressure, pela. 66.8 66.8 33.2 33.9 33.9 33.5 34.2 33.7Saturation 
Temperature ®F. 299.7299.7 256.3257.2 257.5256.?258.1 25Z.2Water Temp. 
Measured *r. 299.0299.0 259.0257.3 257.Z257.0256.5 255.9Wall
Temperature °F. 296.0 297.6 259.7258.0 257.^256.5>56.5 256.5
Computed Results. Tank Calibration Correction Factor - F. ------- o_Q2i
Specific volume of inlet water cu.ft./lb. ------- 0.01747
Water flow lbs./sec.------------ ----------------- 1.240Water flow cu.ft./mln.(measured at inlet) ------- 1.705
Pressure drop (Pg - Pj). lbs./eq.in. —--------- - 37.6
Static head between sta. 2 & 3, ft. of inlet fluid 84.2 
Head due to inlet velocity (ft. of inlet fluid) - 0.2
Total head available (sta. 2 to 3), ft. of fluid 84.4

Test Number 56 Date 4-19-51
Valve Opening (lift)-- 0.035 Inches.Duration of test----  4,763~~ Minutes.
Water Level Difference 13 Inches.

Data at 
Stations 2 3 4 5 6 7 6

Absolute Pressure, pela. 66.8 66.£ 45.7 45.5 46.0
275.!276.6276,5Saturation Temperature *F. -99.7 299.7 275.3 275.5275.6Water temp.

Measured °F. 298.5 298.5 277.8 276.6 276.2 275.(275.8275.6
Wall Temperature *F. -97.3 298.5 277.0 276.2275.8 275.^275.9275.6

Computed Results.Tank Calibration Correction Factor - F. --------- 0.921 _Specific volume of inlet water cu.ft./lb. ------- 0.01743
Water flow lbs «/see .------- --------- ------------ 1*035
Water flow cu.ft./mln. (measured at Inlet) ------ l*0^2Pressure drop (Pg - P3). lbs./eq. In.------—--- ^1*1
Static head between sta. 2 & 3, ft. of inlet fluid 53.1 
Head due to inlet velocity (ft. of inlet fluid)--
Total head available (sta. 2 to 3)» ft. of fluid 53.3
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Test Number 57 Date 4-19-51
Valve Opening (lift)— 0.035 Inchee.
Duration of Teat -- - 6.018 Minutai.Water Level Difference 11.5 Inches.

Data at ;Stations / 2 3 A 5 6 7 a
Absolute
Pressure, psia. 66.8 66.9 56.6 57-0 57-2 56.7 57. 57-5Saturation 
Temperature *F 299.7 299.7 288.8 289.3 289.6 288.9 28?.? 290.0
Water Temp.
Measured *F. 299.0 298.5 293.3 291.0 289.8 289.4 28? f 288.59all 
Temperature F. 296.0 296.5 290.3 289*4 250.5 W..7

Computed Results. Tank Calibration Correction Factor - F.---- -*•- 0.921Specific volume of inlet water cu.ft./lb. ------  0.01743
Water flow lbs./sec.  -- -------------*---------- 0-.726Water flow cu.ft./min.(measured at inlet) ------- 0.758Pressure drop (fg - Pj). Iba./sq.ln.--------—- 10.3
Static head between ata. 2 & 3, ft. of inlet fluid 25*7Head due to inlet velocity (ft. of inlet fluid) - 0.1
Total head available (ata. 2 to 3), ft. of fluid 25.8

Test Number 58 Date 4-19-51
Valve Opening (lift)-- 0.035 Inchee.
Duration of teat ----  3.152 Mlnutea.Water Level Difference 12 Inchea.

Data atStations / 2 3 4 5 6 7 a
Absolute
Pressure, psia. 86.3 86.4 41.3 41,5 41.1 40,9 41.4 ,4USaturation
Temperature "F, 317 J 317.5264-3 2^r5 2Ç?.Ç 268,7 269.5 260 J
Water Temp.
Measured F. 317 J 317.4 871.2 269.6 269*0. 269.C 269.0 268^
tfail..
Temperature eF. 315^ 315.8 271.Q. 269.6 269.4 25&Û 268.0 267 J

Computed Result!» n 017Tank Calibration Correction Factor - F. --------- . gtglZgaSpecific volume of inlet water cu.ft./lb. —------ O<O*7o»
Water flow lbs •/sec. ---------------------Water flow cu.ft./min. (measured at inlet) —-- 1.518
Pressure drop (Pg - Px) • lbs./eq. In. 45.0Static head between ata. 2 & 3, ft. of inlet fluid 114.3 ...... 
Head due to inlet velocity (ft. of inlet fluid)-- 0,3 
Total head available (ata. 2 to 3), ft. of fluid 114.6 --
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Teet Number 59 Date
Valve Opening (lift)— 0.0^5 Inches.
Duration of Teat ----  4.4Q7 Minutes.Water Level Difference 14.5 Inches.
Data at 
Stations / 2 3 4 6 7 a
Absolute
PreMure. psla. 86.3 §6.7 56.0 56.6 56.6 56.1 56-Q 57.nSaturation 
Temperature ®F. 317.3 317-8 268.2 288.8 288. £ 288.3 289.2 289.3Water Temp. 
Measured ®F. 315.8 315.8 290.3 289.4 289 A 286.6 288.5 288.5Wall "
Temperature ®F. 313.3 315 D =£7^. 287.9 287.5 .2875 286.5
Computed Results.
Tank Calibration Correction Factor - F. ---- p,917 
Specific volume of inlet water ou.ft./lb. -----— __0.017597Water flow lbs./ay. 1--------------—------- 1:216
Water flow cu.ft./min. (measured at inlet) -—----- 1.2%Pressure drop (2% 1 Py). Ibs./sq• in. ——————————— a
Static head between sta. 2 & 3, ft. of inlet fluid 77.7 Head due to inlet velocity (ft. of inlet fluid) 1 p.g 
Total head available (ata. 2 to 3), ft. of fluid 77.9

Test Number 60 Date 4-19-51___

Valve Opening (lift)— 0.035
Duration of test----  5.533Water Level Difference 12.5

Inches.Minutes. 
Inches.

Data at 
Stations / 2 3 4 5 6 7 a
Absolute
Pressure, psla. 86.3 865 72.3 72.8 72. £ 72.5 72 . ’ 73.1Saturation 
Temperature •p. 317-3 317.< 305.2 505.2 305.4 305.2 305 J 305.6Water Temp.
Measured "F. ?i?.o ?15i9 307.7 506.3 305.5 305.5 305.5 3O5.ÇWall 
Temperature *F. ^5-5 596.3 >0515 305^ 304. a 305.5 304. a

Computed Results. Tank Calibration Correction Factor - F. ------- - - 0.017Specific volume of inlet water cu.ft./lb.---- — - o.ni7Water flow Ibs./aec. ----------------------- ;----  0.852Water flow cu.ft./min. (measured at inlet) —   oLo96 
Pressure drop (Pg - Px). Iba./eq. in. -----——- 14.3 'Static head between sta. 2 & 3, ft. of inlet fluid 3^.2 
Head due to inlet velocity (ft. of inlet fluid)—Ô>1
Total head available (sta. 2 to 3), ft. of fluid 3b.) ~
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Teat Number 61
Valve Opening (lift)-- Duration of Teat ----- Water Level Difference

Date 4-19-51
Inches.Minutes.Inches.

Data at : ,Stations | ' a 3 5 6 7 e
Absolute I
Pressure, psia. 114.4 113.7 52.9 52.1 52.2 51.2 52.7 52.2Saturation [
Temperature *F 337.7 337.1 884.5 283 Z 283.7 282.7 284.328^7Water temp. f
Measured 535.3 335.3 283.5 283.5 282.8 282 D 282.0 281.7v?all r
Temperature "F d31.5 334.4 285,3 283,5 282.8 282 £1 282.0 2^1.2.
Computed Results. Tank Calibration Correction Factor - F.----- - 0.903
Specific volume of inlet water cu.ft./lb. ------- 0.01781Water flow lbs./sec. — ---------------- 1.57Water flow cu.ft.'/min. (measured at inlet)------- 1.68^^
Fressure drop (fg - P;) . lbs,/sq.ln. —---------- 60.8
Static head between sta. 2 & 3, ft. of inlet fluid 156.1 Head due to inlet velocity (ft. of inlet fluid) - 0.4Total head available (ata. 2 to 3), ft. of fluid 156.5

Teat Number 62 Date 4-20-51
Valve Opening (lift)-- 0.035 Inches.Duration of teat ----- 4.326 Minutea.Water Level Difference 1$ ~ Inches.

Data at Stations / 2 3 A 5 6 7 a
AbsolutePressure, psia. .18.5 118.0 54.2 54.1 54.2 53,5 53.7 a 3
SaturationTemperature "F. 540.4 340.0 286.3 286.3 286.3 285.3 285.6 285.2
Water Temp.
Measured *F. 540.1 340.0 286.8 286.0 285.7 2853 ,2,85.3
Wall ......Temperature *F. 537.0 339.4 287.5 286.0 285,7. 2 85 J @84.5
Computed Results. •Tank Calibration Correction Factor - F.  ----------- Q,9Q3Specific volume of inlet water cu.ft./lb. —------ 0.01787
Water flow lbs ./sec . ---------- :-------—--------- 1*633Water flow cu.ft./mln. (measured at inlet)-- --- : 1*757
Pressure drop (Pg - Px). Iba./sq. in. ----------- 63.b _ _Static head between eta. 2 & 3» ft. of inlet fluid 164.2 
Head due to inlet velocity (ft. of inlet fluid)—^*4 
Total head available (eta. 2 to 3)» ft. of fluid 164.6
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T»at Number 63 Date 4-19-51
Valve Opening (lift)-- O.Q35 Inchee.Duration of Test ----- "4.569 Minutes.Water Level Difference ~ Ï7 ’ Inches.

Data atStatlone
—
I ' 2 3 4 6 7

———i 
aAbsolute

Pressure, pels. 114.4 114^ 74.1 74^ 74.3 74.01 74.8Saturation Temperature "F. 5?7.7 337-5 306.8 307.0 307.0 506.7 307.4 307.1Water temp.
Measured . 536.3 335.7 308.5 306.7 306.3 506.3 306.1Wall
Temperature ®F. 554.5 335-2 332a 307,( 307.0 106.3 306.2 305,5
Computed Results.
Tank Calibration Correction Factor - F --------- o Qn,
Specific volume of inlet water cu.ft./lb.---------- O 0178 Water flow lbs./sec. ----------- *________________—"1'382 '
Water flow cu.f t./min. (measured at inlet)------- 1 477
Pressure drop - P5). Ibs./sq.in. ------------ 4o‘l 'Static head between sta. 2 & ), ft. of inlet fluld"ÎO2^7 ‘ Head due to inlet velocity (ft. of Inlet fluid) - 0*3---Total head available (sta. 2 to 3), ft. of fluid 103*0 "

Teat Number 64 Date 4-19-51
Valve Opening (lift)-- 0.035 Inches.Duration of test ----  5.315 Minutes.
Water Level Difference 15 inches.
Data at 
Stations ' / 2 J 4 5 6 7 a
Absolute
Pressure, psia. L14.4 114.^ 92.1 92.2 92.6 92.6 93.3 92. 1saturation
Temperature eF. 337.7 337.5 522.0 322.1 522.3 322.3 322.8 522.QWater temp.
Measured eF. 335.3 335.3 534.9 321.ç 521.5 321.5 321.5 521.5Wall 
Temperature ®F. 335.1 334.5 3^.6 .3^3 522.3 322.3 521.1

Computed Results.
Tank Calibration Correction Factor - F. --------- 0.Q03Specific volume of inlet water ou.ft./lb. ------- n.ni7AiWater flow lbs ./sec. -----------------------------—l'o5
Water flow cu.ft./mln. (measured at Inlet) ------ 1,123Pressure drop (Pg - Pj). Ibs./aq. In. -------”51J V "
Static head between sta. 2 & 3, ft. of inlet fluid 56.7
Head due to inlet velocity (ft. of inlet fluid)— **~Ü72 " Total head available (sta. 2 to 3), ft. of fluid 58T9 "
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Test Number 65 Date 4-20-51
Valve Opening (lift)-- 0*035 Inches. Duration of Test -- - 4.199 Minutes.Water Level Difference 1Ÿ ~ Inches.

Data at /Stations i 2 3 6 7 a
Absolute
Pressure, pels. 118.5 118.2 67*1 67.4 68.1 67*1 67.4 _67^Saturation Temperature *F. 340.4 340.2 300.1 300.3 501.0 300.2 300.4 poo.s
dilater Temp.
Measured *F. 341.0 341.0 302.2 301.3 500.8 300*3 300.3^all 
Temperature 9F. 337*0341.0 303.0 301.3 sassâ. 3.09^3 2S9A
Computed Results. Tank Calibration Correction Factor - F. -------- O.903
Specific volume of inlet water cu.ft./lb. ------- 0.01788
Water flow lbs./sec . ----------------------------- 1*507Water flow ou.ft./mln. (measured at inlet) ------- 1.615
Pressure drop (Pg - P;). Ibs./sq.in. ------------ 51.1Static head between ata. 2 & 3, ft. of Inlet fluid 131.5 Head due to inlet velocity (ft. of inlet fluid) - 0.4
Total head available (ata. 2 to 3)» ft• of fluid 131.9

Test Number 66 Date 4-21-51
Valve Opening (lift)-- ° * 18^5 inches.
Duration of teat---- 3* 158 Minutes.Water Level Difference 23 inches.

Data at Stations_______  Absolute Treasure, pela. ^aturern^onL^**”
Water Temp. Measured *F. _ .
Temperature *g

/ 2 . 3 £ 6 7 a . ------*
66.8 66.3 54.8 55.1 ^-3 54.7. 55 si 55 -Û
299*7 299.2 287.0 287.3 287.5 287.0 2872 287.1
298.5 298.5 292.8 2,87.2 286.5 286.8 286.8&S6.8
297.6 298.; 288.6 288.6 290.3 2.87^5

Computed Results* _Tank Calibration Correction Factor - a. ---------—Specific volume of inlet water cu.ft./lb. ------ —Q,0.1142.
Water flow lbs ./sec. -----------------------------——Water flow cu.ft./min. (measured al inlet) ----- 2.055__Fressure drop (Pg - Pv) . lbs./eq. in. ------ ----- ^="2----
Static head between eta. 2 & 3, ft. of inlet fluld y*L Head due to Inlet velocity (ft. of inlet fluld)-- 1*2 
Total head available (s ta. 2 to 3)♦ ft. of fluid 29.9
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Teat Number 67 Date 4-21-5J___
Valve Opening (lift)-- 0« 1825 Inches.Duration of Test ----- 3*64? ' Minutes.Water Level Difference 17 ~ Inches.

Data at Stations i ' 2 3 5 6 7 a
Absolute
Pressure, psla. I 66.8 66A 61.5 62.3 62.6 61.5 61.8 62.5Saturation 
Temperature *F. P99.7 299.7 294.4 295.2 295.4 294.4 2945 295.3'Vater Temp. 
Measured *F. 1299.4 299 J 297.0 294.3 294.3 294.3 294.; 294.3Wall 
Temperature °F. P97.5 298. ( 295^ 295.2 296.0 297-0 295.2 295^2
Computed Results. ïîïnkCaïîbrâîtrôn Correction Factor - F.-- --- --  0.921
Specific volume of inlet water cu.ft./lb. -- ---- P.O1743Water flow Ibe./aec . ------------ ---------------- 1. o^2Water flow cu. ft./mln. (measured at inlet) ----- - 1.9OTT~Fressure drop - 1*3) • lbs,/sq.in.  -- -------- , $.3
Static head between ata. 2 & 3, ft. of inlet fluid 13.3 "" Head due to inlet velocity (ft. of inlet fluid) - 0.5 "Total head available (ata. 2 to 3)» ft. of fluid l^.o

Teat Number 68 Date 4-21-51
Valve Opening (lift)-- Q»1825 Inches.Duration of teat----- 2.591“*" Minutes.
Water Level Difference 17 Inches.
Data at Stations________ / 2 3 A 5 6 7 a
AbsolutePressure, psla. 54.9 54.7 45.6 45.9 45.7 452 45 .s 45.4
saturation Temperature *F. 286.8 286.7 275.3 275.5 275.4 274 a 275. €
Water Temp.
Measured *F. 285.3 285.2 280.4 275* 275.2 2747 274.7 274.7'Vail 
Temperature *F. 284.5 285.3 276.3 2763 277.8 @78^ 276J2ZU
Computed Results, Tank Calibration Correction Factor - F. -- ------ 0.9275Specific volume of inlet water cu.ft./lb. ------- 0.01730
Water flow lbs ./sec. ------------- --- *----------- 2.505Water flow cu.ft./min. (measured at inlet) ------ 2.6Pressure drop (Pg - Px). lbs./eq. in.--- ------- 9*1Static head between sta. 2 & 3, ft. of inlet fluid 22.7 
Head due to inlet velocity (ft. of inlet fluid)--Total head available (sta. 2 to 3)» ft. of fluid *^«7 1 _
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Test Number 69 Date 4-22-5]__
Valve Opening (lift)-- 0.1825 Inches.Duration of Test -- - 3.5Ô6 ' Minutes.
Water Level Difference 30 Inches.
Data at Stations / 2 J A 5 6 7 â

Absolute
Pressure, psla. 86.3 86.0 68.9 69.7 69.7 69.1 69.7 69.7Saturation Temperature *F. 317.4 317.0 301.8 502.5 302.5 302.2 302.E 302.5Water temp.
Measured eF. 314.0 314.0 307.7 502.2 301.3 301.3 301.3 301.3Wall 
Temperature *F 312.6 314.0 311.0 511,0 ,304.8 304.0 302.2 311.0
Computed Results. Tank Calibration Correction Factor - F. -- -—--- 0.017Specific volume of inlet water ou.ft./lb. ------- o.ni75RWater flow lbs./sec.---------------------------- 3.23Water flow cu.ft./mln.(measured at inlet) ---- - 3.405Pressure drop (^g - Pj). Ibs./sq.in. ---- - 17.0
Static head between ata. 2 & 3, ft. of inlet fluid 43.1 ‘
Head due to inlet velocity (ft. of inlet fluid) - 1.7Total head available (sta. 2 to 3), ft. of fluid 44.8

Teat Number 70 Date 4-22-51
Valve Opening (lift)-- 0.1825 Inches.Duration of test ----- 2.965 " Minutes.
Water Level Difference &Ô " Inches.

Data at 
Stations / 2 3 A 5 6 a
AbsolutePressure, psla. 86.3 86.5 76.2 76.2 76.4 . 76 .C 76.3 76.7
Saturation Temperature *F. 517.3 317.5 308.8 308.8 308.9 308.2 308.7 309.1Water Temp. 
Measured *F. 524.0 324.C 320.0 307.7 307.2 JQS.£ 307.0 307.aWall " .......
Temperature *F. 513.5 315.C 308.5 508.5 309-4 31 Qd 309,4 307. Z
Computed Results. Tank Calibration Correction Factor - F. —- - --- 0.917Specific volume of inlet water cu.ft./lb. ------- 0.01769Water flow lbs ./sec.--- ------------ --------—-- 2.545
Water flow cu.ft./mln. (measured at inlet) ------ 2,70Pressure drop (Pg - Pj)- lbs./eq. in. ---- ------ 10*5
Static head between sta. 2 & 3, ft. of Inlet fluid 26.1 
Head due to inlet velocity (ft. of iplet fluid)—1.1 Total head available (sta. 2 to 3), ft. of fluid 27.2
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Teet Number 71 Date 4-22-51
Valve Opening (lift)-- 0.1825 Inches.Duration of Test -- - 1.979 Minutes.Walter Level Difference 20 Inches.

Data atStations / 2 3 A 5 6 7 B
Absolute
Pressure, psia. 118.5 117.2 94.^ 94.7 95.1 94.5 94.7 93^Saturation 
Temperature * F. 340.2 339.4 323.4 323.8 324.3 323.7 323.8 3234)Water Temp.Measured *F. 337.4 337.7 327.5 322.3 521.8 321.5 321.5 320.4Wall
Temperature *F 335.3 337.Q 323.3 323.3 524.9 323.7 322,3. J22^
Computed Results.Tank Calibration Correction Factor - F.  —- o.go?Specific volume of inlet water ou.ft./lb. ------- 0.01784
Water flow lbs./sec. ----------------------------- 3.76water flow cu.ft./min.(measured at inlet) ------- 4.02 ~
Pressure drop (£2 - P3) . Iba./sq.ln. ------------ 23.1
Static nead between sta. 2 & 3, ft. of inlet fluid 59.3 Head due to inlet velocity (ft. of inlet fluid) - 2.3
Total head available (sta. 2 to 3)> ft. of fluid 61 6

Teat Number 72 Date 4-22-51
Valve Opening (lift)-- 0.1825 Inches.Duration of teat —--  2.009 Minutes.Water Level Difference 18 Inches.

Data at Stations / 2 3 A 5 6 7 e
Absolute Pressure, psia. 118.2 117.2 99.0 98.8 99.9 102.2 100.5 QQ -7
Saturation
Temperature "F 340.3 339.5 327.2 327.0 327.8 328.2 528,5 52Z_.A
Water Temp.Measured *F. 337.6 337.8 331.0 326.7 326.7 526,7 326.7 226x5.Wall 
Temperature eF. 337.0 JJ8Z 328.2 327.4 328.7 328.7 327.4 52$.,A
Computed Results. Tank Calibration Correction Factor - F. --------- Q,903 -Specific volume of inlet water ou.ft./Lb.     0.01784Water flow lbs ./sec. ---------------- *------------ 3.318
Water flow cu.ft./min. (measured at inlet) ------ 3.55
Pressure drop (Pg * P3). lbs./eq. in.-- --------
Static head between eta. 2 & 3» ft. of inlet fluid 46.8 
Head due to inlet velocity (ft. of inlet fluid)--
Total head available (sta. 2 to 3). ft. of fluid 48.6
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Teet Number 73 Date 4-22-51
Valve Opening (lift)-- 0.1825 Inches.Duration of Test -- - È.560 ~ Minutes.
Water Level Difference 19 Inches.

Data at
Stations / 2 3 s5 6 7 a
Absolute
Pressure, psla. 86.3 86 jO 73.9 75.9 74. J 73,1 74.7 74.2Saturation 
Temperature *F. 317.3 306.5 506.5 306.6 306.8 307.3 307.0water Temp.
Measured *F. >18.Ç 318j0 >12.0 507.0 307. c 307.0 307 n 307.0toll 
Temperature *F. 314.0 315.6 307.7 507,0 308.6 303.4 J5Q&5 305..2
Computed Results. -Tank Calibration Correction Factor - F. -------
Specific volume of inlet water cu.ft./lb. -------  
Water flow lbs./sec.--------------------- -----Water flow çu.ft./mln.(measured at Inlet) ------Pressure drop (^ - P5). lbs,/sq.ln.-- ---—-—-
Static head between eta. 2 & 3, ft. of inlet fluid 
Head due to inlet velocity (ft. of Inlet fluid) - 
Total head available (ata. 2 to 3), ft. of fluid

2.13.17

Test Number 74 Date 4-22-51
Valve Opening (lift)— 0« 1825 Inches.Duration of test ----  1*823 ~ Minutes.
Water Level Difference 20 Inches.

Data at 
Stations / 2 3 4 6 7 a
Absolute Pressure, psla. 132.3 130.3 103.0 102.9 103.6 103.5 103.6 102.8
Saturation
Temperature *F. 348.8 347.^ 330.0 529.8 330.5 >>0.4 329.8Water temp.
Measured *F. 347.0 347 JO 336.7 5)1.0 >>0.4 330.0 330 .C 330 ÆWali 
Iwncréture 336.3 3474 »2.0»2-0 »2.8 222 3)1^ 329.5
Computed Results. Tank Calibration Correction Factor - F. --- ----- 0.900Specific volume of inlet water cu.ft./lb. —----- 0.01794
Water flow lbs ./sec .  --------—--—---- 4.07Water flow cu. ft./mln. (measured at inlet)------ 4,^7
Pressure drop (Pg - Pj). Ibs./sq. in. -------—- 27.3 '
Static head between sta. 2 & 3, ft. of inlet fluid 70«5 Head due to inlet velocity (ft. of inlet fluid)-- S.o
Total head available (sta. 2 to 3), ft. of fluid 73.3
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Taet Number 75 Date 4-24-51
Valve Opening (Ilft)r- 0.307 Inches.Duration of Test----- 3.508 ' Minutes.
Water Level Difference 28.5 " Inches.
bate at 
Stations / Z 3 4 6 7 6
Absolute
Pressure, pels. 66.S 66.1 56.9 57.5 57.6 57.2 57.5 584Saturation Temperature “F. 299.8 299.2 269.2 290.0 290.1 289.9 290.0 290.7tea ter Temp. Measured *F. 299.4 299.4 295.2 289.4 290.3 290.3 289.8 2903wall 
Temperature °F. 297.7 299.4 29143 291.0 292.4 293.3
Computed Results. Tank Calibration Correction Factor - F. --------- q.qsi
Specific volume of inlet water cu.ft./lb. ------- 0.01744Water flow lbs./sec.--------------- ------------- 3.075
Water flow cu.ft./min.(measured at inlet) ------- 3.22
Pressure drop (Pg - Pj). Ibs./sq.ln.------------ _g«gStatic head between sta. 2 & 3, ft. of inlet fluid ^3.1 "
Head due to inlet velocity (ft. of inlet fluid) - 1.5Total head available (sta. 2 to 3), ft. of fluid 24.6

Test Number 76 Date 4-24,51
Valve Opening (lift)-- 0.307 Inches.Duration of test ----  5.091Minutes.
Water Level Difference 2$ " Inches.

Data at Stations / 2 3 4 5 6 7 a
AbsolutePressure, psia. 86.4 85.7 73.4 73.5 73 A 73.8 74.3 74.0saturation Temperature "F 317.5 317.0 306.2 306.3 306.2 306.5 507.0 306.1Water Temp.
Measured *F. 317.4 317.4 313.3 306.5 307 .C 307.3 507.3 307.6Wail 
Temperature *F. 315.6 ?17.4 308^ 308.6 310 X 310.3 309,4 306 a
Computed Results.Tank Calibration Correction Factor - F. --------- 0.917Specific volume of inlet water cu.ft./lb. ------- 0.01762
Water flow lbs ./sec.------------- ----------- ---- 3.54Water flow cu.ft./mln. (measured at inlet) ------ 5.74 '
Pressure drop (Pg - Px). lbs./eq. in. ---- - ik.)
Static head between sta. 2 & 3, ft. of inlet fluid ^1 
Head due to Inlet velocity (ft. of inlet fluid)--Total head available (sta. 2 to 3). ft. of fluid 33.2
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Teet, Number 77
Valve Opening (lift)-- 0.307 Duration of Test----- 2,569 *
Water Level Difference 20

Date 4-24-51
Inches. Minutes. Inches.

beta at 
Stations / 2 . 6 7 a
Absolute
Pressure, psia. . 86.4 85.8 77-6 77.4 77.7 77.8 78.1 78.3Saturation Temperature F 317.4 317.0 509.9 309.8 310.0 310.0 310.3 510.6water Temp.
Measured "F. 317.4 317.4 514.0 310.3 510.3 310.2 310.3 511.0Wall 
Temperature °F. 315.0 317.4 511.0 311.0 312.7 J14.Ç 313.4 51^.0
Computed Results.
Tank Calibration Correction Factor - F. ------- 0.917
Specific volume of inlet water cu.ft./lb. ------- 0.01732Water flow lbs./sec.  ------------------------- 2.94^~
Water flow cu.ft./min.(measured at inlet) ------ 3.11Pressure drop (P2 - P5). Ibs./aq.ln. ---------- 872
Static head between sta. 2 & 3, ft. of inlet fluid ^0,9 Head due to inlet velocity (ft. of Inlet fluid) - 1741Total head available (ata. 2 to 3) , ft. of fluid .3

Test Number 78 Date 4-24-51
Valve Opening (lift)-- 0.307 Inches.Duration of teat----  2.5^4 ~ Minutes.
Water Level Difference 2$ ' Inches.
Data at 
Stations / .2 3 A 5 6 7 e
Absolute 
Pressure, psia. 118.4116.3 98.1 98.3 99.1 99.5 99.0 983saturation
Temperature *F. 340.3 339.0 326.5 326.7 528.3 327.5 327.2 326.7Water Temp.Measured *F. 339.0 33-9.5 333.5 326.6 526.6 327.5 527.0 327.'rfail 
Temperature *F. 336.2 >27.5 527-5 528.4 328.$ 325.1 .32.7,2
Computed Results, Tank CaliVratlon Correctlon Factor - F. --------- 0.903.
Specific volume of inlet water cu.ft./lb. ------- 0.01786Water flow lbs ./see.--- ---------------- -------- 4.27
Water flow cU.ft./min. (measured at inlet) ------ 4.57
Pressure drop (P2 - Pj). Iba./eq. in. ----------- 18.2Static head between sta. 2 & 3, ft. of inlet fluid 46.B 
Head due to inlet velocity (ft. of inlet fluid)-- 3«b Total head available (sta. 2 to 3), ft. of fluid 49.8
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Teat Number 79
Valve Opening (lift)-- 0.307Duration of Teat ----- 2.2^5
Water Level Difference 22.5 ~

Date 4-24-51
Inchea.Minutes.Inchea.

Data at Stations / 2 3 5 6 7 a
Absolute
Pressure, psla. 118.4 116.5 103.1 102.5 102.4 105,6 103.2 103.4Saturation Temperature ®F. 340.2 339-0 530.1 329.6 529.6 33OJ 330.2 530. yWater temp.
Measured ®F. 339.7 340.0 536.3 329.4 329.8 330.0 330.0 530.5Wall 
Temperature *F. 337.8 341.0 531-0 331.0 552-8 332 5 331,8 530,0.
Computed Results. Tank calibration Correction Factor - F.-- ----- Q.903Specific volume of inlet water ou.ft,/lb. ------- 0.01757
Water flow lbs./sec. ------------- --------------- 3.71Water flow cu.ft./mln. (measured at inlet) ------- 3.98Pressure drop (^ - Pj). Iba./sq.in. ---------— 13.4  Static head between ata. 2 & 3, ft. of inlet fluld^4.4 * 
Head due to Inlet velocity (ft. of inlet fluid) - 2.3Total head available (ata. 2 to 3), ft. of fluid 36.7

Test Number 80 Date 4-24-51
Valve Opening (lift)-- 0.307 Inches.Duration of test----  1.822 Minutes.
Water Level Difference 22 Inches.
Data at Stations / 2 3 ■4 6 7 a

Absolute Pressure, pels. 130.4 128.3 107.7 108.1 108.1 i@l-a 108.8
533-9

.108,4
saturation .
Temperature "F. 349.4 346.4 333.6 533.5 333 6Water temp.
Measured *F. 346.1 546.5 342.1 333^5 >34.0 334 Æ 534.0 JIMWall 
Temperature *F. 335.4 546.1
Computed Results. Tank Calibration Correction Factor - F. -------- 0.900 __Specific volume of inlet water cu.ft./Id. ------- 0-1794Water flow lbs ./sec. -—-------------- ------------ 4.47
Water flow cu.ft./mln. (measured at inlet) ----- 4*82
Pressure drop (Pg - Px). Iba./aq. in. ----- ----- 20*6
Static head between eta. 2 & 3» ft. of inlet fluid 53*2 
Head due to Inlet velocity (ft. of inlet fluid)-- 3.^
Total head available (sta. 2 to 3)» ft. of fluid 56.6
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Teat Number 81 Date 4-24-51
Valve Opening (lift)-- 0.307 Inches.
Duration of Test ----  6.737 Minutes.Water Level Difference 35 Inches.

Data at Stations / a J A f5 6 7 «
Absolute
PEesjLurex^j^ala^ Saturation Temperature °F. 299.7 299.7

62 .S
295 Æ 296.5

64.0
296.8 296.3

J53U
296.2

_6A.l
29742Water Temp.

Measured **. 298.5 298.5 297.7 296.0 296.5 296.5 256.5 5964Wall 
Temperature "F. 297.6 298.5 295.7 296.0 296.5 596%) 297.3 297-d
Computed Results.
Tank Calibration Correction Factor - F. --------- 0.920
Specific volume of inlet water cu.ft./lb. ------- 0.01743Water flow lbs./sec. ----------------------------- 1.97Water flow ou.ft./min. (measured at inlet) ------- 2.06Pressure drop (Pj - P3) . lbs ./sq . in. ------------ 4.0Static head between sta. 2 & 3, ft. of Inlet f^uld 10.0 Head due to inlet velocity (ft. of inlet fluid) - 0.6
Total head available (sta. 2 to 3), ft. of fluid 10.6

Test Number 82 Date 4-24-5%. .

Valve opening (11 ft)-- 0.307 Inches.Duration of test ----  3>696 Minutes.Water Level Difference 25 Inches.
Data atStations_______  Absolute 
Pressure, psla. saturation 
Temperature *F. 
Water Temp.
Measured *F> 

Temperature *F,

/ 2 4 5 6 7 a

66.9 66.5 60S 60.8 _61J
293.3

-60.9 _6%>6L
299.7 299.5 293.c 293.5 2944 293.7 294.1
299.4 299.4 297.0 293.6 293.6 293.6 293.2 .2944
297.0 299.4 292.8 293.6 294.2 296.0 295.2 ^23.^

Computed Results. Tank Calibration Correction Factor - F. --------  Specific volume of inlet water cu.ft./lb. --- --- 0.01743
Water flow lbs ./sec . -------------------- -------- 2.57
Water flow cu.ft./min. (measured at inlet) -----  
Pressure drop (Pg - P3) • lbs ./sq. in. ----------- 6*4Static head between eta. 2^3. ft. of inlet fluid 16.0 
Head due to Inlet velocity (ft. of inlet fluid)-- 1.0 Total head available (sta. 2 to 3)• ft. of fluid *7.0 _
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lest Number
Valve Opening (lift)-- Amoved Inches.
Duration of Test-----3_iq? Minutes.Water Level Difference 2675 Inches.

Date

Bata at 
Stations_______ Absolute

P*ia. 
Saturation Temperature *f, water temp. 
Measured . Wall 
Temperature *F.

/ z 3 5 6 7 6

86.5 86.4 7?.e 79.4 80 X) 79.7 80.3 79.9
517.5 >11.7 511.6 511.S 511.8 512.2 311.9
517.4 317.4 515.8 512.6 512.6 312.6 512.6 314,0
515.8 >17.5 512fC 312.6 314.C 515.0 313^

Computed Results.
Tank Calibration Correction Factor - F. --------- 0.Q17
Specific volume of inlet water cu.ft ./lb. ------- --Q.01762Water flow lbs./sec. ----------------------------- ^‘14
Water flow cu.ft./min. (measured at inlet) ------- 3.^1Pressure drop (Pg - Pj). Ibs./sq.in. ------------ 6.8
Static head between sta. 2 & 3, ft. of inlet fluid 17.4Head due to inlet velocity (ft. of Inlet fluid) - 0.5____Total head available (sta. 2 to 3), ft. of fluid 17.Q

Test Number 84 Date 4-26-51
Valve Opening (lift)-- Removed Inches.Duration of test---- 3*^08 * Minutes.
Water Level Difference ^9 ' Inches.
Data at Stations / 2 3 4 6 7 a
Absolute Pressure, pela. 67.0 67 JO 59.0 59.7 59.9 59.3 60. C 59.7Saturation
Temperature *F. 299.9 299. S 291.6 292.3 292.6 292.0 292.8

294.3
water Temp.
Measured *F. 500.2 300.2 296.8 292.0 292.0 292.0 292.CWali 
Temperature "F. 299.4 300.2 295.5 #4,3 895^3 226.0 295.2 292^8
Computed Results.Tank Calibration Correction Factor - F. --------- n.ppiSpecific volume of inlet water cu. ft ./lb.------- - n-myAAWater flow lbs ./sec . ----------------------------- 3.43
Water flow cu.ft./min. (measured at inlet) ------ 3.59Pressure drop (Pg - Pj). Ibe./sq. in. ----------- 7.9
Static head between sta. 2 & 3, ft. of inlet fluid 19.9 Head due to inlet velocity (ft. of inlet fluid)-- Ô.7Total head available (sta. 2 to 3), ft. of fluid ^0.6
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Teat Number 85
Valve Opening (lift)— Ram§yad Inches. 
Duration of Test ----- 3.184 Minutes.Water Level Difference 51 ' Inches.

Date 4-26*53___

Data at Stations
— "" ......................r............................   —---------------------------------

/ 2 3 4 5 6 7 a
Absolute
Pressure, psia. 67# 67.0 62.8 63.3 63.7 62.6 62.9 63.7aaturatlon Temperature *F. 299.5299.9 295.(296.3296.4 295.3295.8 295.6Water Temp.
Measured %'. 297.6 298.5 297.2296.0296.0 296.0296.0 296.5Wall 
Temperature "F. 296.0597.01295.3295.2 896.0 296.5£27^01296^
Computed Results. Tank Calibration Correction Factor - F.----- - n.Qgi 
Specific volume of inlet water cu.ft./lb.  ------ n.niya?Water flow lbs./sec. -------------------- ---—--- pIqr
Water flow cu.ft./min« (measured at inlet) - —--- g.m
Pressure drop (Pg - P3) . Ibs./sq.in. ------------- 4.2Static head between sta. 2 & 3, ft. of inlet fluid in.A Head due to inlet velocity (ft. of inlet fluid) - o.^____
Total head available (ata. 2 to 3), ft. of fluid in.R

Test Number 86 Date 4-26-51
Valve Opening (lift)-- Removed Inchea.
Duration of test ----- 2io*3 Minute».
Water Level Difference 19 ~ Inchea.
station, ; | a J I < J 6 7Ta 
AbsolutePre a sure, pal a. ^9.3 48.1 42,2 43.9 43. € ,43^9. _44^S _ 44.6 
Saturation
Temperature "F. 280.3 2?8,( 271.6 ?72.9 272^6272.9 274.1274.0 Water Temp.
^ea^ured *F. 278.7 2/9^0 23^6 272^MSLâ .272.^
Temperature *F, |278»21278,1273.9^73.91274.7*277.0 277.8275

Computed Résulta.Tank Calibration Correction Factor - F. --------- 0*935 .Specific volume of inlet water cu.ft,/lb.  ----  0*01725Water flow lbs ./sec. --------------- —----------- 2.775
Water flow cu.ft./min. (measured at inlet) ------ 2.87
Pressure drop (Pg - P*). lbs./eq. in. ----------- 5.2____
Static head between eta. 2 & 3, ft. of inlet fluid 12.8 Head due to inlet velocity (ft. of inlet fluid)—8.4 
Total head available (sta. 2 to 3)» ft. of fluid 13 %
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Teit Number 87
Valve Opening (lift)— Removed Incbee.

Duration of Test ----- 1.748 Minutes.Water Level Difference 21.5 Inches.

Date 4-26-51

Data at < .Stations ! ' 2 3 4 5 6 7e
AbsolutePressure, psla. 1114.5 114.2 99*4 99fl 99*4100.2 100.2 99*4Saturation !
Temperature °F. p37*7 537*6327.7 327^327*7^28.2 328^327.7Jater Temp. 1
Measured J537*O 357.4 332.0 3276 527.5527.5 5276328.7Wall r
Temperature ®F. p33*5 337.(327-5 330.4 329.552^2 jani325.5
Computed Results. 'Tank Calibration Correction Factor - F.----- —- 0.903Specific volume of inlet water cu.ft./lb. ------- 001706
Water flow lbs./sec. ------------- ------- -------- 4.5g
Water flow èu.ft./min. (measured at inlet) -------Treasure drop (Pg - Pj) . lbs./eq.in. ------------ 14.9Static nead between ata. 2 & 3, ft. of inlet fluid 38.4 ”
Head due to inlet velocity (ft. of inlet fluid) - Total head available (sta. 2 to 3), ft. of fluid

Test Number 88 Date 4-26-51
Valve Opening (lift)-- Removed Inches.Duration of test ----  2.585 Minutes.Water Level Difference 2? Inches.

Data at 
Stations_______  Absolute Pressure, psla. Saturation 
Temperature *F. Water Tempi 
Aeaau^ed__ F.___  Jail 
Temperature "F.

1----------- ------------------------ ------------ ------------------------------------r---------
/ a s 4 5 6 7 a

114.5 113 .f 103.2 1025 102.7103.7 103.8103.5 
537-7 337.2330.3 329.1329.8)30.4 350.5330.3 
557.0 557.C554.5 5296529.5529-5 329-7331.0 
535.8 337.q33O.ol33i.d332.*33.ll332.d330.Q

Computed Results. Tank Calibration Correction Factor - F. -------- 0-903Specific volume of inlet water cu.ft./lb. ------- O.QIT^
Water flow lbs ./sec . ------ ---------- ------------ 3*88
Water flow cu.ft./min. (measured at inlet) ------ ^*45
Pressure drop (Pg - P5). lbs./eq. in. ------- 10.0
Static head between sta. 2 & 3, ft. of Inlet fluid 27*2 Head due to inlet velocity (ft. of inlet fluid)-- 0*9
Total head available (sta. 2 to 3), ft. of fluid 25*1 
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Test Number 8Q Date 4-26-51
PlugValve Opening (lift)— Removed Inches. 

Duration of Teat  -- - 1.4AQ Minutes.Water Level Difference an Inches.
Data at 
Stations / 2 

)
3 5 6 7 a

Absolute
Pressure, pels. 132.5 1?1^ 113.9 114.4 114.2 113.9 113.9Saturation 
Temperature Water Temp. 
Measured *F.

*F. 548.7 348 X 337.2 537.6 3375 >37.2 337.2
347.0 347X2 342.0 336.6 336.6 336.6 537.0Wall 

Temperature F. 346.0 W-e 558.6 342 <0 54^2 557^8
Computed Results. Tank Calibration Correction Factor - F. ----- Q.9QQ
Specific volume of inlet water cu.ft./lb. —;---- 0.017Water flow lbs ./sec. ----------------------------- £.04
Water flow ou.ft./min.(measured at inlet) ------- 5.43Pressure drop (Tg - P5). lbs./aq.ln.------------ 17 3
Static head between sta. 2 & 3, ft. of inlet fluld~?4.B 
Head due to inlet velocity (ft. of inlet fluid) - 1.5 "Total head available (sta. 2 to 3), ft. of fluid 46.3

Test Number .
Valve Opening (Ilft)-- 
Duration of test ----­Water Level Difference

Date _________
Inches.
Minutes.Inches.

Data at .
Stations ' . / 2 3 4 5 G e
Absolute
Pressure, pela.Saturation 
Temperature "F.Water Temp.
Measured F. •

Wall.. 
Twecerature P,
Computed, Rfs^U.. „Tank Calibration Correction Factor - F. --- ----- --------- -Specific volume of inlet water cu.ft./lb. ------- __________Water flow ibs ./sec. —---------------------------  '
Water flow cu.ft./mln. (measured at inlet) -----­
Pressure drop (Pg - Px). lbs./eq. in.---- ---—- _____________
Static head between sta. 2 & 3, ft. of inlet fluid Head due to inlet velocity (ft. of inlet fluid)-- Total head available (sta. 2 to 3), ft. of fluid .
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COLD WATER FLOW TESTS

Date 4-7-614-8-514-8-51 4-8—51 4-8-514-9-5; 4-9-51 4-30-63
Test Number 200 201 ; 202 203 204 205 206 207

.1115
Valve Opening (Lift), Inches .1125 .1115 .1115 .1115 .1115 .1115 .1115Duration of Test, Minutes 3.315 2. 56012^640 1.971 1.900 2.685 4.3193.375Tank Water Level 
Difference, In. 28 24 14 15 19 15

I ’ 
29 « 31Gauge Pressure, 

rai.» Sta. 1 72.1 62.5 62.5 62.5 62.5 62.5 62.^ 62.5
Gauge Pressure, 
psi., Sta. 2 72.5 62.5 '63.5 62.8 62.3 62.7 63.lj 62.3
Gauge Pressure, 
rsl., Sta. 3 46.1 30.7 52.9 41.6 26.9 50.5 45.S| 31.1
Gauge treasure, 
psi., Sta. 4 49.1 34.3 54.5 44.0 29.7 52.1 48.2 34.5Gauge Pressure, rsl., Sta. 5 Gauge Pressure, rsl., Sta. 6

50.9
51.5

36.3 55.2 
- T....37.4154.8

cui 
r-i 
i s 32.0
33.7

' 
1 
r

O* O 
•
 
! 

• 
$ 3

cm
! 

m 
id

 
■ 

r- 
eo| 

to
<0- 

to 
0) 

0>

Gauge Pressure, nsl., Sta. 7 53.2 _49.7-i8.1Gauge Pressure, r-e 1., Sta. 8 Water Temperature °F.
51.2

! 58.9
38.2
72.8

54.8
52.0

46.2
63.2

33.8
61.6

54^0
66*6

50.4
65 Z)

W
j 

C
D 

co! 
o

 
to 

<0 
1 

.1___

Specific Volume | Of Water «01604 1 :i. 016 06.0160 Q .01604 .01604 •0160E VD1605 .01604Water Flow Lbs. per Second i 3.48 ■ ‘ !3.86 ;2.18 ’ 3.13 4.12 2.30 2.77 3.79
Water FlowSu, Ft./ Minute i 3.35 3.72 ’2.10 ! 3.02 3.96 2.23 I i2.67i 3.65Press. Drop 
P2 - P^. pel. 26.4 1 31.8j10.6 : 2i.2 36.5 12.2 17.2 31.2
Head Feet of 
Fluid, (P2 - F^) 61.0 73.3 24.5 ; 49.1 84.2 28.1 39.7 72.2
Head Due to Inlet Velocity - Ft. 1.6 2.0 .6 1.3 2.3 .7

40.7 74.1Total tiead 
Available 62.6 75.3... .

;
25.1 ; 50.4 86.5 28.8

Notes :



142

GOLD WATER FLOW TESTS

Date 4-13 4-13
i
: 4-12 4-13

i
■ 4-13 ; 4-i3 4-14 4-14

Test Number 208 209 210 211 ’ 212 I 213 214 215Valve Opening 
Lift), InchesDuration ofTest, Minute»

• 146511465
5.7471.680

; .14651.1465
11.9782.465

i
• 1465
1.925

>1465i 2^455
^-0745.
2.425

•O74S
2. 4951Tank Water Level Difference ,_ In.__ 40 16 i 15 _21 .. 12 | 19 21 19Grange Pressure, 

psi., 3ta. 1 72.1 72.1 <72.1
r
72.1 72.1 72.1 72.1 272.1Gauge. Pressure, psi., 5ta. 2 70.7 71.7 Î72.7 171.7 71.7 71.7 71.8 71 .7Gauge Pressure, pal., Sta. 3 40.6 46.9 56.8 52.1 62.5 ■ 56.5 19.6 31.4&auge Pressure, psi.» Sta. 4 43.3 49.0 158.1 53.8 62.5

t
! 57.9 19.3 30.3Gauge Pressure, pal., Sta. 5_____Gauge Pressure, psi.. Sta. 6

44.9
45.6

51.1
51.3

—
- ---

—
—

S 
18
 

cn
 co

1 ।......55.3„55.5
63.0
63.5

58.9
59.5

20.3 .
21.6

JLXjA

32.7Gauge Pressure, 
_ 3ta. 7_ 46.6 52.5 Î60.0 56.5 64.3 60.3

i
22.9 33.3Gauge Pressure, Psi•y oXa* o 47.8 52.3 1'60.0 56.1 64.0 60.0

i
23.1 33.6WaterTemperature °F. 60.3 60.3 51.5 51.0 i51.oi 51.0 57.0 57.0Specific Volume Of Water .0160 1.0160 ,.0160 .0160 •0160 .0160 .0160 ‘ «0160Water Flow Lbs. rer Second 4.39 3.92 3.13 3.51!2.57 3.19 3.57 3.14Water FlowCu. Ft./ Minute 4.22 3.77 :3.05 3.38 2.47

k- -■ ।
3.06 j 3.43? 3.02Press. Drop 

12.- psi. 30.1 24.9 15.0 19.6 9.3
... . ।
15.2 | 25.0 40.3Head Feet of 1

Fluid, iFg - P?) 69.5 57.3 £4.5 45.3 21.4 35.2.120.7| 93.0Head Due to Inlet Veloci ty - Ft. 2.6 । 2.1 1.3 1.7 .9 1.4
■J

1.3Total Head Available_____ । 72.1 j 59.4
!

35.8 ; 47.0, 22.3 | 36.5 122.41J2UL
Notes :
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cold WATER flow tests

Notes :

Date
" ' "" — "T" — — " ”
4-14 4-14 4-14 4-1414-16 4-16

4-19[4-19

Test Number 216 ; 217 j213 219
i
220 p 221 

1.0745
222 1 223Valve OpeningILif t), inches .0745 .0745 .0745 .0745 .0745
---- , ....
.035'.035Duration of Test, Minutes 2. 713 J !3.5954.0525.405

r j--
4.5906.244

" 1

.4.6373.605Tank Water Level Difference. In. 18 19. 13
1

L 17 j 17 15 17 12 13Gauge Pressure, 
P31., Sta. 1 72.1

i :
72•1! 72•11 72.1 72.1 72.1

--  -p-■■■
72.1172.1Gauge Pressure, psi., Sta. 2 72.0 72.2

1
72.8 72.8 72.8 72.8 72.2;72.2Gau^e Pressure, psi•। Sta# 5 41.0 52.9;60.0 65£ 65.1 67.6 60.7149.8Gauge Pressure, 

psi., Sta. 4 40.9 tn VO • co

j- . -
60.0 ; 65.5 ’ • I65.01 67.Oi 61.0:50.4Gauge Pressure, 

pal., Sta. 5 41.2 ;53.3 60.0 65.8 65.2_ 67.8
67.4 0 r 

r
cn
 in

■ —
 —•
 U . 
..
. .

2 
e

• !• 00 itOGauge Pressure, 
psi., Sta. 6 41.8 53.1 60.0 65.5 65.3Gauge Pressure, nsl.. Sta. 7 42.7 54.0 60.5 66.4 66.1 f '68.6162.Ij52.7Gauge Pressure, 
psi., Sta. 8 43.3 53.7 61.0 66.0 66.0 68.0 62.5 : 52.8WaterTemperature °F. 53.3 :53 .3, 53.3

—
53.3 62.C 62.0 52.3 52.3Specific Volume j of Water ,10160Water Flow ‘Lbs. per Second -2.73

X)160
2.19

.0160 .0160 .0160 .0160 1^)160 .0160
1.724 1.295 1.345 1 J 1.12 1.0661.485Water FlowCu. Ft./ Minute [2.625 2.105

n
1.657 1.245 1.293 1.078 1.0 2611.429

Press. Drop 
f2 - Pel• 31.0 19.4 (12.8 7.0 7.7 J : :1

5.2 ! 11.51 22.4Head Feet of Fluid, (Fs - Ft) : •71.7 44.7 |29.5 16.1 17.8 11.9 26.5 51.6head Due to Inlet Velocity - Ft. 1.0 j 0.6 0.4 0.2 0.2 0.2 0 * 2| 0.3
Total Head AvalTable 72.7 45.3 69.9 16.3 18.0 12.1 !26.6|51.9
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TS

Du te
___ 

^aive cpenlng 
ALift) ,_ Inenes 
Dura tl on 3f-------

4-2Q 4-20 4-20
. 226 ; 227 228

4-22 4-22 4-22
229 r : 230 ^31

Zê£Li Minutes 
fank Water Level 
Difference, In.

- 0.1:06 P-<B5 c.035,0.035 .leg*.. 1825 a%6
- ^^^067^1^^136:3.9645^4912.446 k.320

jauge pressure
S ta . 1

jau. e
jau^e 1reasure 
£31. . S ta. ?
-•au 
£31 e treasure

_r S ta. 4

.- ^Ç-^6-^6 ^ IB g 17. 5 j 17 _20
7^472.l_^.ll 84.1^2.Jll72.5j_ 72.1 

aa.^0.8^0.71_83.^541172.3j72.2 jj71.7| 
38,6 27.3 15.6_ 19.2 51.8 66.6 62.5 56.8 

i ■ ■ ---- - - ---1
e

-Fie i rescure 
Lk.-_x_5 ta_.__6
-«ge 1res sure

U4 e frecoure
i • u.. V '4 i

ra lure F. 
specific" Volu.ne

♦■-ater ? low
l^Ds . ne r 
water'Pl

Ft./ 
-ress."L
42 *-J3, ead. Fee 
i.^id, r

ec ?nd
Mlnuue

of

38.8, 29.0,19.2 ,22.5, 64.8. 67.3;64.0 59.5 
- ^0i8p0,4_20,8_25.f 5^
-^.t^6^422.4 26.7j 65,3'^7,5164.8 ' 61.5 
41,8:,31,6422,5 ^6,^55,6: 67,ol64,O

- .P21L52.3^52^ 66.«' 66.9' 68.5 168.5 : 53.5
--"0160^0160.0160 ^0^4.016o{._016Ç£0160_,^60j 
F876^,1602.410 2.6254.8672.220jg.86654550; 
F80&82P7Pg;315^2.530;i.800 2.140 2.760:3^415 
O^43^55,l ^54 ,352,3: 5,r 9,7 MS J

ead'LuV Lo^lHlet 
elocity - Ft. '

‘ o ta L n'ea
3va1laoie
oteg :

L 28-2105.6:127.9 149^7^ ,75.3 13.8 23.81 _3R-?
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COLD WATER FLOW TESTS

Date____ 4-22 4-22 4-25 4-25 14-22 4-25 4-23 4-23
Test Number 232 233 234 235 1236 237 238 239Valve Opening(Lift), Inches .1825 „1825 .1825 .1825 •1825 .1825 .307 .307Duration of Test, Minutes 2.893 1.825 2.881 2.515 1.789 3.182 3.432 2.349Tank Water Level Difference, In. 25 21.06 28 28 22 39 17 21Oauge Fressure, psi., Sta. 1 72.1 72.1 72.1 72.1 72.1 72.} 72.1 72.1Gauge Pressure, pal., 3ta. 2 71.7 70.7 71.2 71.2 70.7 70.£ 72.8 71.7Gauge Pressure, ps 1., Sta. 5 57.2 45.7 52.3 46.5 41.4 41.3 69.2 60.9Gauge Pressure, 
PS_L»>._ Sta. 4 59.2 47.4 55.0 49.8 45.2 44.£ 69.5 62.5dauge Pressure, 
pal., Sta. 5 59.7 49.1 57.3 52.6 47.1 49.3 63.9Gauge Pressure, 
psi.., Sta. 6 60.1 49.9 58.8 53.9 47.7 50.3 70.1 64.7Gauge Pressure, 60.7 50.5 59.1 54.5 48.2 50.8 71.2 65.4Gauge Pressure, osl., Sta. 8 61.0 50.8 58.6 54.2 48.3. 50.8 70.2 65.0WalerTemperature °F. 50.0 51.0 55.0 51.5 49.5 63 X) 51.0 49.5Specific Volume Of Water f 0160 .0160 !.0160.0160 .0160 .0160 .0160 .0160Water Flow Lbs. per Second 3.560

। !
4. 750 =4.0004. 580 5.070 5.060 2.040 5.690Water FlowOu. Ft./ Minute 3.425 4.570 3.850: 4.420 4.880 4.870 1.963 5.550Frees. Drop

E3.i_~Lsl_. 14.6 25.0 18.9 24.7 29.3 29.6 3.6 10.8Head Feet ofFima, (pg - r?)
i

33.6157.8 43.7! 57.2j 67.6 68.4 8.3 25.1iiead Due to Inlet Velocity - Ft. 1.71 3.0 2.1 2.8 3.4 3.4 0.6 1.8
Total Head Available 35.3 60.8 45.8 60. o| 71.0 71.8 8.9 26.9
Notes :
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COLD WATZR FLOW TESTS

Date 4-23 4-23
r '! 4-23 4-25

j

4-26 4-26 4-26 4-26
Teat Number Valve Opening (Lift), Incues

240
.307

241
.307

1
j 242
L .307

243
•307

244 Plug out
245 Plug out

.246 Plug out
447 Plug outDuration of Teat, Minute» 2.012 2.779 2.652 2.323 2.647 2.175 2.822

i 1 '

5.429Tank Water Level Difference, In.__ 21.5 33 34 19 18 30 39Gauge Treasure, rsl., Sta . 1 72.1 72.1 72.1 72.1 72.1 72.1 72.1 72.1Sauge Treasure, 
pal., Sta. 2 71.3 70.8 70.4 69.7 72.8 72.9 72.6 72.4Gauge Treasure, rsl., Sta. J 56.5 52.0 47.1 41.7 67.9 —-- —J 66.4 62.0 60.1Gauge treasure, £917, Sta. 4_____ 58.7 44.3 ' 50.5

— --
46.0 68.2 66.7 63.6 61.9Gauge Pressure, pal., Sta. 5 60.5 47.1 54.4j 50.1 69.8 j 68.3 65.2 63.8Gauge Pressure, pel., Sta. 6 61.9 59.1 56.0! 52.1 69.5 68.6 66.3 64.8Gauge Treasure, 

Psi «,. Sta « 7___ __ 62.4 60.0
1

56.5; 52.8 70.4 69.2 66.4 65.4Gauge Pressure, psi., Sta. 8 62.2 59.5
I

56.61 52.7 69.5 68.7 66.0 65.0WaterTemperature °F. Specific Volume of Water
49.5 49.5

---- 4
49.5;

--- ——1
61.5 75.5 75.5 te
n j Si 51.0

•0160 .0160 .0160!•0160 .0160 .0160 .0160 ^160Water FlowLbs. per Second 4.410 i ;4.9005.440
— "■1
6.020 2.955 3.410 4.370 4.680Water ^lowC u. 1' t./_ Minute 4.240 4.720

; T
5.230; 5.800'2. 845 3.285 4.20 4.510Press. Drop

14.8 ■ 18.8 23.3; 28.01 A «0 W—1, 
1

6.5 10.6 12.3Head Feet ofFluid, (F2 - F^) 34.1 ’43.4
I 

53.8; 64.6 | 11.3 15.0 I 24.4 28.3Head Due to Inlet Velocity - Ft. 2.6 j 3.2
i

4.0; 4.9
• 110.4 j

--
0.5 | 0.9 1.0Total HeadAvailable i 36.7 146.6 57.8 69.5 11.7 । 15.5 J 25.3 29.3

Notes ;
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COLD WATER FLOW TESTS

Date 4-26 4-26
-—-I

Test NumDer 248 249Valve Opening 
(Lift), inches Plug 

out
Plug 
outDuration of 

Test, Minutes 2.816 2.578
___

Tank Water Level 
Difference, In. 38 39
Gauge Pressure, 
vsl., Sta. 1 72.1 72.1
Gauge Pressure, psi., Sta. 2 72.4 72.2Gauge Pressure, psi., Sta. ? 56.2 51.5

b .....
Gauge Pressure, 
psi., Sta. 4 57.1 53.7

1 '■ .
Gauge Pressure, pal., Sta. 5 60.2 56.6
Gauge Pressure, psi., S ta. 6 61.9 58.8Gauge Pressure, osl., Sta. 7 62.1 59.5Gauge Pressure, 
psi., Sta. 3 Water 
Temperature CF.

62.2
50.0

59.2
50.0

- — ___ ----- ——- ——— — —
Specific Volume vf Water

■
.0160 .0160water FlowLbs. per Second 6.560 6.240 !

Water FlowSu, Ft./ Minute 5.340 6.010
. , . .. ;

Press. Drop 
Pg - F), Pel. 17.1 20.7 1L .1 J

' 1
Head Feet of 
Fluid, (F2 - F^) 39.6 47.7
read Due to Inlet Velocity - Ft. 1.4 1.8
Total Head Available 40.9 , 49.6___ i

Notes :
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