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

by Donald B. Mackay

The object of this investigetion was to determine and
compare the flow characteristics of both saturated water
and of cold water while wvassing through a valve. The
importance of this problem may be judged by the difficul-
ties that have been encountered in the vroper sizing of
velves and orifices in processes where ssturated liguids
must e handled.

A simnle thouzh effective svpnaratus was constructed
in which a certain guantity 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
fluld passing through the valve in a given veriod of time.
The valve had an orifice diameter of 0.707 inch and was
especlally designed so that pressure and temperature
meéasurements could be taken at the inlet section and at
several stations in the discharge end. The valve body and
rlug were designed so that the velve 1ift could be changed,
yet accurately »n. ‘itioned and measured for esch test. Tests
were conducted at several valve inlet pressures ranging up
to 132 psia (348 F). Svpecial thermocouples with an outside
diameter of only 0.034 inch were develored and inserted into
the water stream to measure its temperature.

The water was found to be in a metastable state while
rassing 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 eritical section. If 1little change
had taken place, the flow rate anproached 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 ildentlcal pressures. The reduction devended
upon the valve 1ift and the head. The volume rate for the
fluid passing through the valve was found to be indevendent
of the initial pressure. It varied only with the pressure
drop effected in the valve when this pressure drop was
expressed in an equivalént head measured in feet of inlet
fluid. An eppreciable recovery of the pressure drop across
the valve restriction was observed for cold water but a
negligible amount was found for saturated water.

As 2 result of this investigation the performance of
actual valves can now be more accurately predicted. How-
ever 1t 1is exvected that the flow characteristics of
saturated water through 2 given valve 1s iInfluenced both by
thé 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

The object of this investigation was to establish a proce=-
dure by which the flow characteristics of liquids rassing through
valve components 1in combination could be studied. Also, the
analysis as applied to the data suggests an approcach to a theore-
tical explanation of the characteristics of flow through valves.
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SUMMARY

The volume of saturated water passing through the tesf
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 1in
an unstable state in that the computed value of the density and
1ts 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 measuremenﬁs were made
by using specially developed thermocouples which were extremely
small and unique in construction, as shown in Fig. 34, page 68.
(A1l 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
preasure drop across the valve when thils pressure drop was ex-
pressed iIn an equivalent head measured in feet of inlet fluid.
An aprreciable 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 apprarently
consistent and rellable. As a result of this study it 1s 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 rielq.




INTRODUCTION

Little research has been done on the flow of saturated
water through valves, in spite of the fact that considerable 4if-
flculty has been encountered in predetermining suitable ﬁalve
sizes for power plant applications and for processes where hot
liquids must flow through valves. Information available on flow
through nozzles is likewise limited. 1In 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
Aprlications Committee.of the ASME to sponsor at this Unlversity
a2 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 conflgurations and plug de-
signs. The problem could be extended to the study of any liquid
which undergoces some change of phase while rassing through a
valve or orifice. The valve was designed to be used at pressures
considerably higher than those currently available in the labora-
torye.

When laying ocut the valve it was considered important to
construct the inlet and exit sections so that accurate pressure
and temperatureAmeaaurements could be taken. It was therefore
important that the water immediately up stream and immedlately

down stream from the preésure 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 bhe accur-
ately posltlioned.

The measurement of the water temperature presented a 4iffi-
cult probleme It was anticipated that the water would not be in
a state of equilibriume. PFor 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 obtailn accurate measure-
mentas the thermocouple wires had to be electrically insulated
from each other, except at the Jjunctlon, from the walls of the
thermocouple well and from the water. This phase presented
difficultlies, since the temperatures involved in this investiga-
tion were to be in excess of 300°F., at which point most
commercial enamel coatlngs 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 conatant terms of these
equations. In thls way subsequent flow data were predicted with
a minimum of testing. The data were finally analyzed and equa-
tions determined for predicting the volume flow rate and the

density of the mixture flowing through the valve.




FLOW THEORY

The flow of 1liquids through an orifice can be analyzed by
using the general energy equation applied tc the flow between the

section a,upstream, and the hection b, downstream, from the re-

striction (as shown above). The mechanlical-energy balance between
the two sectlons (neglecting friction'losses) appears in a simpli-

fied theoretical form as,

2 2

Ub Ua
- = 1l
e An + 5 (1)

where Uy 1is the root-mean-square velocity of the fluid, ft./sec.,
in sectlion a, the tipstream section at the point where the
pressure and other properties of the fluid are determineqd,
Uy is the 1deal velocity of the fluid, ft./sec., in the
central part, 1.e., the jet portion of section b.
Ah 1s the static pressure drop between sections a and b
expreased 1h feet of fluld determined from the proprer-
tlies of the fluid in the jet in section b.
By a similar reasoning velocity Ug can be converted to an equiva-

lent head, hygs known as inlet velocity head, or

hyja - Ja (2)
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This substitution in equation (1) ylelds
Up2/2¢ = Ah + h,,

or

° - An) (3)
%8
where Ah/ 1s the sum of Ah + h,, which 1s the total head avail-
avallable toc cause flow.

The 1deal velocity of fluid at the down stream section then be-

cones:

Uy = ng/\hé (£t /sec) (4)

The volume of fluld Q (cu.ft./min.) that would theoretically pass

through down stream section may be exrressed as
Q = 60 UpA (5)

where A is the area in sq. ft. through which the fluid 1s flow-
ing with the velocity Uy.

The above equations can also be used for analyzing the flow
through venturi meters, valves and other obstructions. In the
case of well designed venturl meters 1t 1s theoretically poasible
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
thia Jjet is considered to be a fraction of the size of the
amallest area, Ar’ of the restriction through which the water
must pass. In the case of the valves 1llustrated in Fig. 25 to
30, the area A, can be elther the area of the orifice or the

minimum annulus area between the plug and the seat, depending
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upon which 1s samaller. In the valve configuration used 4in these
tests the minimum area'under the plug is ,xz/144, where x indi-
cates the dlameter of fhe orifice measured in inches and z is
the valve lift in inches.

The actual rate of flow of liquid through the valve 1is
obtained by (1) substituting A, 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 betwsen A
and A, and also takes into account\the effeet of fluid friction.

Equation (S) may then be rewritten as follows,

Q =60 C' Uy Ay, = 60 C' A, 2gAh . (8)

" The temperature of water passing through the valve remains
bonstant 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 is
usually not sufficiently low to produce the vapror phase. The
effect of pressure on density without phase change 1is negligible,
8o 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 = 60C' A, /2gAh, (cu. ft./min.) . (7)

Aht is the sum Ah + h,g» 1., the head measured in feet of
inlet fluld at station a. This equation can be used to study
the 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 = 6® (Ah )™ (cu.ft./min.) (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 logzsht + b) (cuefte/min.). (9)

It 1s evident from this equation that if the volume flow Q
1s plotted against Aﬁht on logarithmic coordinates a stralght
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 wvalues of zﬁht. However, the actual value of
m 18 not 0.5 as one might expect from comparing Equations (7)
and (8)e This means that the value of C' is also a function of
Ahge The value of C!' can be obtained if Q is eliminated by suvb-
stituting i1ts value obtained from Equation (7) into Equation (8)

or

60 C' A, /2g Ah,_ = o IN R

from which

80 A, /78

The actual value of C' can then be computed after the values of

. (10)

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




number of testse.

The flow of saturated liquids presents problems which are
not found in a study of the flow of cold ligquids. The pressure
drop across a restriction creates a }ow pressure region in which
part of the fluid might flash into vapor. The change of phase,
theoretically accomplished in a short periocd 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 1liquid through the restriction, the separation of vapor
from the liquid 1s only partially completed by the time the fluid
reaches the throat section. The exact extent of this transforma-
tion 1s little underastood, but 1t has been found to vary with the
shape of the orifice, the inlet conditions, the head, and proba-
bly with other faptors 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 1s confined in a passageway so that it cannot expand laterale
ly it would have to expand in the direction of flow. In doing
this the flow 1In the upstream section 1s 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
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regarding the flow and then by analyzing the test data. In
other words, the Qtate of the mixture 1s predicted by the effect
which is observed in the flow and may be somewhat in error.

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

valve or,

W e Qsds = Q4 (11)
v o 144 APy
also Aht —_— (12)
144 APy
and .Aht - ___a;__ (13)
where AP, = P_ - P + hua ds (14)
t a b 131
where W = the flow rate in pounds per minute

Q = the volume rate of flow at the point of minimum
cross-gsection - cu.ft./min.
d = the fluld density at the corresponding section in
pounds per cubic feet
AP, = total pressure drop from point a to point b, and
includes a pressure drop equlivalent 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),

We=60C' A, V288 g 4 AP (18)




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
1ts value. This was done by computing a value of Ahy in
Equation (13) for the desired total pressure drop APi, then the
value of C' from Bquation (10) for cold water was determined at
this head and used for the value of C!' in Equation (15). The
value of 4 can then be computed since all the other items 1n
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), 1t appeared impossible to establish the relationship
existing between the varlables when test results were used direct-
ly in Equation (15). It was therefore decided toc analyze the
flow data using the general equations applicable for cold water
conditions. For this analysls, the properties of the saturated
water at the inlet section were used and the appropriate flow
coefficients determined. After analyzing the data 1t 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,
1t 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,

Qa - eb’ (ASht)m’ cu.ft./min. (16)
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and Equation (10) as,
Do ch (Aht)(mc - 005)
¢ 50 &, V25 (17)

L3

where the subscripts ¢ and s refer to cold and saturated liquid

respectivelye.
If the value of W from Equation (1ll) is substituted into

Equation (15) one obtains,

dg Qg = 60 C'A, V/288g 4 AP (18)

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

(m =-0e5)

b
a, o8 (Ahg )78 = o C (Ahy) /144 A4 AP, (19)

Subatituting the value of A&ht from Equation (13),

d /144 A AP,

o (Pa=be [144 Ap, | (mg-mg + 0.5)
8

After squaring each side of thls equation and simplying, the
effective density d 1is focund to be equal to

(1+2(m,-m,) ]
a4 = ez(bs - be) . dg Yo s
(144) 2 (B -Tg) AsPtz(mc'ms)
or 4d =K 32_? (20)
(ar)f
where Qz(bﬂ = bc)

= (144)2 (B¢ - Mg) (21)

ne=13114+2 (mc - m') (22)
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£ = 2(mh - ms)' ' (23)
Equation @0) 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 follows:
b, m,
Qc = g (Aht)c Cu.fto/mino (24)

or

b
Q, = 8 (Aht)!:’ cu.ft./min. | (25)

Dividing Equation (25) by (24)

' m
Q . (Ps~Pc) (Ahy) B

(Ang)Te

If the flow rates are compared at the same head (zsht) then

Q - e (b!-bc )

(m -m_) =
g Qc (Zlht) c s

(26)
which 18 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 pumpe. Instead an inter-
mittent process was selected in which a certain quantity of water
was heated to saturated condlitions at a rate possible with the
existing pumping equipment in the laborafory. This supply of h
water was then used 1n the relatlively 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 ™ to 77.

Saturated water was formed by spraying relatively cold water
into a tank in which high pressure was maintalned 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 topr of the tank to utilize
effectively the space avallable for intimate contact between
steam and water. The style of nozzle shown has large passageways
for the Qater and was selected because 1t was less apt to clog
with piéces of loose scale than other available nozzles. After
trying several configurations 1t 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 dur%pg 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 ps!l 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 possiblé‘to reduce the line pressure drop to a mini-
mum. While tests were being conducted with a valve 1ift of
0e035 Inches, 1t was necessary to install a fine mesh screen into
the 1ine in front of the valve to prevent scale from clogging the
narrow pagsagewaye.

The design of the valve tested 1s shown in Fig. 35 to 40.
The dlscharge 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 1t 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. AdJjustments on the valve plug were made by using
spacers of different thickneasses. Tt was necessary to unscrew
the union in the liné ahead of the valve in order to reach the
retaliner which held the valve Plug in position. While this
method of changing the valve 11ft 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 maine

talned in place while under test. The valve 1lift 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 exlsting either on the outside or inside the valve as in-
dicated by the wall temperature measurerentse.

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, 1t was essentlal that while being handled they be
kept 1n 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 fiied 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 surfaceé were kept 1in proper
orientation with fespect to each other. The'upper wire was lifted
and the lower wire was filed by stroking i1t toward its end with
a dead flat file, until the desired amount of metal was removed.
The upper wire was stralghtened, the assembly turned cver and the
process repeated. After this operation the two flat sides of
the wires were easily arranged opprosite each other to form a
virtually round sectlon of the thermocouple cable. The sllicone-
rubber insulation was applied and cured as indlcated cn Fig. 34.
The wires were then carefuvlly inserted Into a tube aimilar to
A-2-2%, Flge. 34, except that both ends of the tube were left opene.
# Hereafter, parts will be designated by drawing number first

and then the item number; for example, the part referred to here
1s found on drawling 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 circult between the wires, or
between the wlres 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 1t completely cleared the inner walls of the tube when withe
drawne The end of the couple was then coated with silicone,
cured and inserted either into tube A-2-1 or A-2-2 in Fig. 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, thelr
respective positions were ascertained by carefully removing and
examining the wires. .The coatling 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. copprer tubes A-2-3 or A-2-4 were slipped into pesition from
the opposite ends. The final assembly and curing were then com-
pleted as called for on Filg. 34. After this final assembly a
further short-circuit chetk was made.

The thermocouple assembly be;ng still very delicate had to
be carefully installed into the valve as shown in Fig. 39, anﬁ
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 short=
circuits after each time the plug position was 6hanged.

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

The other parts of the apparatus are i1llustrated in Pigs. 40,




METHOD OF TEST

The testing process for the flow of saturated water was as

follows:

l.

2e

The callbrated tank was emptied, the discharge velves were
closed, the vent valve opened and steam slowly admitted into
the tank until the pressure was considerably 1in excess ofr
teat requirements.

The pump was started and the water contained in the full
lower tank was pumped into the upper ﬁank at such a rate
that the pressure in the upper tank did not fall below test
pressure., The lower tank was emptied, the pump stoppredi,
and the discharge valve on the pump was closed.

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
Fige. 40, and tests were not conducted if a variation of more
than 2°F. was observed.

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 ad Justed to produce the
particular discharge pressure sought, and the time for a
desired change Iin 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 tho
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Speedomax was limited to 8 thermocouples, it was necegsary
to change the thermocouple switches during the test 1in
order to obtaln all of the temperature readings.

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:

l.

2e

The callbrated tank and the storage tank were filled with
city water. Compressed air was admitted into the tank until
trhe deslred prressure was reached; for most tests g rressure
of 70 psig was used.

The pressure at station 1 was held constant throughout the
test by manvally controlling the by-pass valve on the air
line. The gate valve upstream from the test valve was
opened, the discharge control valve ad justed to produce the
partlcular dlscharge rressure 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.

The computations of test results were made as explained in
Appendix I.

The water temperature readings were examined after each

teast to make sure that no apparent discrepancy had arisen. If

any irregularities were noted the couples were checked with the

ochmmeter to see if a short-circuit had developeds 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 wilth volume flow rates as ordinate and total head

Ahy as abscissa. From the curves plotted on logarithmic co-

ordinates the values of m and e® for Equation (8) were determined

for each valve 1lift. Curves showing the value of these constants

were plotted as a Tunction of valve l1lift. The coefficient C! 1n'

Equation (10) was determined for each valve 1ift and for both

saturated and cold water. These were plotted and presented on

ea (bg-be)

graphs. Values of (m,-mg), e n and £ 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 II. 1In addition, the results which appeared to be most

1mﬁ:rtant are presented in the following enumerated Figures:

Flg. 1 shows the welight rate of flow of cold water and saturated
water at different inlet pressures for a valve 1ift of
0.1465". .

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

Fige. 9 1llustrates how the flow rate of saturated water changes
with different valve lifts.

Fige 10 1llustrates how the flow raté of cold water changes with
different valve lifts.

Fige 11 shows a comparison of the data, Fig. 9 and 10.

Fig. 12 indicates the volume flow rate of saturated water plot ted
against valve opening area in percent of orifice area.

Fige. 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 Fig. 12 and 13.

Flg. 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 eP for saturated and cold
water. |

Fige. 18 supplies the vglue of the coefficient C' for saturated

water.
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19 furnishes the value of the coefficient C' for cold water.
20 glves the value of the exponent (mc-ms) used in Equation
(26) . |

21 showa the value of e(bs-qg used in Equation (26).

22 1llustrates how the flow of saturated water 1s reduced
in comparison with the flow of cold water, which is used

as a standard.

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

24 presents the value of K for Equation (20).

25 to 31 show the comparison between flow characteristics
under the test conditions of maximum pressure drop for

each valve 1lift for saturated water and for cold water with
as nearly ldentical pressure drop conditions as possible.
In addltion the temperatures of the water as measured are
compared to saturation temperatures.

52 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. 1, that the weight rate of flow
of initlally saturated water varlied with inlet presaure. The
near ldentity of these curves suggested that a flow comparison
should be made on a volume basis. This proved to be the case in
all teasts made 1n 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 thelr
data and for the test data obtained in this investligation. As
can be seen in Fig. 32, the correlation 1s excellent in spite of
the fact that the conditions of the tests were widely different
and the orifice used 1in this invesatigation 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 theilr data.

In all cases presented here, the flow of cold water was
greater than that of the saturated water. Thils 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 obtalned. 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 1ift decreased.
The results of thils investigation proved very definitely that the
flow agreement could only be expected when the analysis was made
on a volume baslis.

The most 1mportant finding in this investigation is pre-
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sented in Fig. 15« This graph shows clearly that the v¥lume

rate of flow of saturated and cold water 1s 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 1s possible to write Equation (10) which evalu-
ates the flow coefficient C'. After further iInvestigation 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 -- 1f not Impossible ~- to determine the nature

of the flow. If a similar relationship should be found for
fluids other than water, 1t may be possible to determine the
propertlies which govern thelr behavior. If a correlation based
on fluid pfoperties such as surface tension or viscosity can be
made it should be possible to predict thelr behavior in a valve
wlthout the necessity of performing elaborate tests on each indi-
vidual liquide. 1In other words, from the test results of a few
liquids it would be possible to predict the behavior of all
liquidse.

The flow characteristics for cold water did not seem regular
in the reglon extending from apprroximately 30 to 80 percent as
shown 1n Fig. 13. The discrepancy 1s 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
1i1ft of 0.1465 inches, which corresponds to 82.8 percent valve.

orening, 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 1s a discrepancy of 8.6 percent in the
slope but 1t amounts to a dlserepancy of only 3 percent of the
flow (calculated at 70' head). The other irregularity appears

in Fige 17. At a valve 1lift 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 amcunts to
only 3.3 percent in the volume of flow. There are two possible
reasons for these differences. At the valve 1ift of 0.0675 1inches
conaiderable trouble due to scale was encountered. It 1s possil-
ble that small pieces lodged between the plug and the seat, thus
reducing the flowe. At the valve opening of 82.8 percent it 1s
possible that there was a change in the flow pattern of the

water as 1t 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 1s the smaller. Actually, it 1is
poasible 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 ;neffected by this condition.
This can be accounted for by the fact that the vapor liberated

1s less dense ﬁhan the water and it is able toc change direction
much better than water when 1t'1s 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 valuves of C' and o?.

The values of m for saturated water are scattered but the
scale used for plotting the points 1s highly magnified. The
tested range of pressure head Ah; was not large and the measure-
ments of srall pressure differentials by the use of Bourden
gauges 1s somewhat uncertaln, in spite of the fact that very
accurate gauges were used on this investigation. These two facts
could easlly 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 falled. Using a new aprroach 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 (1l0)
could be written for the evaluation of C'. Using this data 1t
was found that the computed values of the density were conaistent
but 1t appearedvthat 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 fairli simple procedure explained under flow theory and pre-
sented in Equation (20).

After determining the density fror Equation (20), it was pos-
sible tc analyze the temperature measurements taken from the test
data. The temperatures taken from the test data are illustrated
in Fig. 25 to 31l 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 1s 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
rlug opening or 1iift. When the plug was close to the seat,
equilibrium was practically complete at statlion 3, as shown in
Fig. 25, by the fact that the satvration temperatures and the
nmeasured temperatures coinéido from stations :3 to 8 inclusive.

As the 1lift increased the difference between the temperature as
measured and that determined for the saturation pressure ;ncreaaed
progressively and extended to station 4 at a plug 1lift of 0.1465
inches. PFocr some reason at a valve 1ift of 0.307 inches and

when the plug was remcved the instablility at station ¢ vanished,

possibly due to an increase in turbulence assoclated with the
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higher rates of flow at these conditloﬁa. Beyond station 4 no
instabllity waaAdetected in any of the tests.

The pressure characteristics for saturated and cold water
were found to be gquite different in the discharge tube, and can
be studlied by referring to Fig. 25 to 31. In the case of cold
water a recovery of part of the pressure drop was made by & 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 indlcate
that by the time the mixture reached section 3, the flow was
quite uniformly distributed over the cross-section of the tube
and not cpnfined 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 l1lifts
0.035 to 0.1825 inches became smaller as the valve lifts in-
creased, but beyond 0.185 inches the value of C' became larger.
The reduction.in C!' with increasing valve opening for the lower
values of 1ift 1is probadbly due to the increase in turbulence
brought about by the flow increase. With large valve orenings
the value of C! aﬁproaches 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 va1v§ can be calculated for any desired
valve 1lift and for any assumed inlet and exit pressure, provid-
ing the assumed conditlions are reascnably close tc the tested
ranges Extending the data to predlict the flow in pressure
regions beyond the tested range aprears reasonably safe since no
evidence has been observed eilther during the test work or from
analyzing the test data which would indicate a change in the
behavior of the flowe. The volume rate of flow of cold water can
Be determined in two ways.
l. The flow can be computed by using Equation (7), wherein
the valﬁe of C' can be obtained from Fig. 19.
2« The flow can be computed from Equation (8), in which the
values of m and e° can be obtalned for ccld water from
Fig. 16 and 17.
The flow rate of saturated water can be computed in three‘ways.
l. The volume rate of flow measured at inlet conditions
can‘be obtained from Equation (7) in which the value C!
can be taken for saturated water from Flg. 12.
2. The volume rate of flow measured at inlet conditions
can be obtained from Equation (8). The value of m and
e can be obtalned for saturated water from Fig. 16 and

17.

3. The welght rate of flow of saturated water e¢an be com-
puted from Equation (16)e In this equation the value
of Ct from Plg. 19, for cold water must be used. The
effective density 4 can be computed from Equation (20)

wherein the values of f and n are obtalned from Fig. 23,
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and the value of K is obtalned from FPlg. 24. The
welght rate computed by this method can readily be
converted to an inlet volume rate hy multiplying the
weight rate by the specifle volume of the water at the
inlet.
The flow rates for saturated water compared te that of cold
water can be made by referring toc Equation (26), where the proper

(b,-b
values of (mg-mg) and e s~Pc)

are selected from Fig. 20 and 21.
An easler method of comparison pertaining to the test data can
be obtained from Fig. 22. From this graph 1t 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
1lift and the head. In general, 1t aprears that the reduction
depends upon the shape of the passageway through which the
saturated 1liquid 1s flowing. If the passageway is such that the
prressure drop 1s progressive for a considerable distance and, at
the same time, the flow 1s completely confined by the walls of
the passageway, the reduction 1n flow willl be appreciable. On
the other hand, if the formation of vapor takes place in a jet

of flowing fluild 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 varlation will have to be
determined by further test work. In this 1nvestigation.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
pehave 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 1in Fig. 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 46° eibows. The vent line from the storage tank which
allowed the steam to escape was only 23 inches longe. Under the
conditions shown in test £9, in which the plug was removed, the
inlet pressure was 132.5 psia and the pressure at station B was
113.S5 psia. This shows that the pressure drop across the orifice
was only 18.6 psl. All of the remaining pressure head was con-
sumed elther 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 easlly be greater than that of the valve unless

the discharge line 1a exceptionally large and free from bends or

obatructions.




RECOMMENDATIONS

Future test work should be directed toward a study of the
behavior of saturated water in different configurations and 4if-
ferent types of plugs and valve seats. For example, data on
conical plugs and seats with varylng angles of taper would be
extremely valuable. The investigation of the exact nature of
the flow in the metastable state should he more carefully
analyzed. This study could be made by installing a number of
thermocouples, 8imilar to those described above, but located as
close to the restriction as possible. These thermocouples are
recommended because their thermal capacity 1s small and the time
lag in establishing equilibrium is short. In addition they
create little dlsturbance in the flowe. The expansion of saturated
water through an orifice or tube could also be investigated in
this manner.

The behavior of ligquids other than water should be tested
and the work correlated to determine, 1f possible,the role which
the normal fluid properties play in causing the variation in flow
rate.

The type of apparatus used in thils research for producing
hot water i1s recommended for future use. It was found that a
large quantity of saturated water could be quickly and easlly
produced. The apparatuas 1s 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
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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
valvee This alteration will increase the range of study ard
yield a more complete set of data. If more pressure drop 1is
effected the flow will increase and a tank as large as the one
calibrated should be provided for storage purposes. In the tests
discvssed in thls report the length ¢f 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 oreration
and necessltated a re-run of a number of tests, it 1s recommended
that a device be Iinstalled to prevent the scale from reaching the

valve.




SIHONT S§9¥/°0

YFLAA TTIOD % TITLYYLYS SO MO 7y
TO FLAY LMNOI/TAN FHNL SO

JO LA FATVAN
Yoy

NOSI Y W WO

o T I8
- T
4 =g
BRS » ey 8 L It
- i RERGNRNY ERENE
i 0 I T I
: - U t T
Ian e 3 I *, . T
BIN T 1 { 1 T
L e J :
’ 4
b u L
SEe L T i
| . S EURNE pu 4 e -1 g
: ; i oy .
_h i 4L L o + : M : ‘Tm‘l;
NRN - [§aagsagas : i I ; RRNE
PR ] L : PROUND S GRS RENE t ; + 12
4} L L R NG + L £ -4
i AR RSN ISAEE 2080 RS R i 140K
B h O L
: 4t P T 4
- r%ﬁ 1t ,ﬂ, le l..J—-l.. «r
ST ! i 4
" [ : : I
b B Ji L] -+ + .
i yRas i |5 LU [ 13 o s H
T haldugi ; asadsd agedd sdul 4 Andhp babid 4n n s _p 1
+ : ek = GARnsad H _, i -
T - - RSN BRARS RNETE ARERY 58 i [- k RENRE B H
o 5 | s mu g SEI M -+ I H
" AT P RuY ARty uawnl M 1 : 11
(1] . il L : i i —
M I ' Bl 1 e
1 INRuY REEY 51 b B~ iu pAgN: I
3 ! 3 : 1
- 4. + 3 T a8
: T N e
. 1T 8o, g o bognn § 1
B -] -t 1 oy 1 ” AN B 1 11
b 25 v : T -+
t
B = } -1 1 ' i
3 b e 1988 r~ : T
. et + 4L
: R e it e I3 : - i
: . iR e iuaat daa 1 H
” ; i HE siannnl : i us
Giaka [HERESS Ruse _ 1 ; , o
+ 1 + L +i T 1 1 H {14
+ S siyuy e peniE ! ] I uE
o T { h e ' H
T ] avungyEnt_} ; o8
1 ) 5 148 '
M ML Pl 1 N g :
v H i I ] 4 aeEe
1 T v
: T nu T y
+ -i4 144 11 + 1
i Ly
re i fr . b ﬁJ M + e
- -4 = —— 44
1 i : .y Y RREEE PN uf 4] .
L4 1 1 ; +re ERa 1]
; } Bt e 1] O : : =
: + BEEE pueh > et ! RES KFRRE s
i ina puune S wug Sang: it litey b i a1
+ Y 113 I » L ; + i
1 1]
Tig. I e
11117 w 1 t )
T T H
oo e gll : : 5
) oa T 1 ]
(1
.l ] I r ey
: T s b " ¥ puARA R 1]
h -
[ ape i 58 T
| L
l
+ ™ n SEAN
) [, i I I
- - RN o Tr
i
:

1SS BENEE
b 0 O I

T

| BN G B

Lo id

ot

T RPN epans B , oy Qe pepns gpEaE megwy yo.a g g .

{ SHPUL b unE BN R UG SONAS MY BNGR]) SESRE NS £ i T

snaud Fadgssgy Inn B . I ! t

SAMNE QUNSE SRR FUTHE RGN FROR 1 T T T am
- FHpert Enttug nRRe 1 1 HAATH ] . 171
U |suk punty pRny 1 - SRR NN B ) wa
it t i Enat Sesdd B e I T ja BEREEEaNSN S 6Re) 1




HHH HAHH- - B T ,c.mL_:_:__:._: +H :_.u;i: _-Wﬁwm.wmtwm. -
L g Uﬁulxﬂm A L 5 i i dis aii
T n Y . N . N R i " : T e}
T 4 +t " H 1 T ) T
aE3 H p HH r ] } T
g TH ]
; Toh : B ; 4 ; : i
; - : 1 + :
‘ T —H .
o “ : g , _ :
< o is - f NSNS NN BN 1 1 3
: ey T
H . I ; g
it SFIHINT SE€O'C SO LT FATY/ i f
&0y i 1 4
. L ;
- ~ TLVAN TT0D P AFLVELVS YO MOTS - T i = n s &
: R 40 FLVY FWNTO/ FTMHL FSO NOSIHVSWVOD B il
: s : =
Z2 2 ; ~
1
. t T L_
: + ] - auk
H o y e 1
: L T 1
] : T i
: ¥ = o & H
il i
w : M
i T H
" 1 | e N 1 :
, i ; ; «, ]
! ' + ! T
: R e ; 1 ! S _
: s I o 1 - : HH
. | ! _ T S
EEN Saaws ki ; L A
. i = = - 4 1 H ! I i "
i . R .h 4;_ __
; : i . = »
t : -+t ah o LM i
: j + t
i 3 “
1
1
!
1
i
Lol
1
) {
i 1
: :
I “
i T
- !
; HRAR
1 1 s
: ; “ m ! 1
T »
!
it




I _ ! 1 -
1
"y a anm >
] 13 I P BEd - w o 4
i 1]
. 1
T | T ! ¥ T
ot ) i . T &+
sass TV I PN - 1H T8 sug amEN
J | 3
).
L .
1 - 4=+ &t B
- 1
)i
[ERgguan
iies ; Enpieens
L RE . ] T !
T I 3
gan : T T N
1 ],4 T - f 4, 4 ¢t - b~ 4 $id
5 -t - | HH T i Y
] ; W e vg HoH Li.d\? ’
5 Tt . i -
. : I + _T *v 1] ke RGsaANENY RS ar.v_an it 7
| w“ T i EEmeReE 1‘
8 [ ! t T
H jag nuuan sa 1 §o* -
! - i ne BEE ke » : I
: HHHTE . _
H i ,W.H{ i +
_ 3 T4
SRERE RS BE ; -t " o i 111 17
A+ x,w.f» + T ] RN ; H ’ III«.‘ -
Ipau - J25 0 4 L rw
T W 1 4 bu BN ipd glens ST ,
4 t I 1] s i 1
: L S . : : jSs e T -
; " NAEEY gy 0 T e
I { by 11 M T,Y 3 . T H -
BEBA & P T usy : .
: : i - - _ +17 H
T e i il aans
sungd ey i 1H AM } *A + 1 + :
i na g _ PREnauy 1
Ehe . L.—l 4
FH T | i IHiseet IiaBeakangsay e Eegee!
= ‘Lll 1 sERss ENDps B 44 i 1 e B NN
myY +j2 .AAl T - bt T 1
K Hror il T AiY pEg Y nxus
: SEGE “ et e i sl
IBE SN Sy ESE AAYSH ERSREABURE PRRSEFET At b 4 N R EUERSOOT SR SRA SEERE S .
]
}
M .
ps: - STHOINT SWLO'O FO LT FATYAN
E >0y 4 : _
a5 bee e HITLYM QTI0O 75 aFLONNLYS JO MOTSH R
1 - . .
e . Ul O FLYY FWNTON FHL IO NOSIMYSWOD
{ H .
R -+~ o
= e 57 ;
HH
35 o I s e T
e f sashs gt
j LR it
i E2%y SE8 1 223kl




38

.
t
L
+
+=
T
}

¥
1
T

Ty Tt
INSS EENEE SERA

H
18
R
I

RN

r
B By
1
)

P
i

L

INEEY SN ENI
S S E i -

ams

T

1
[l |
DAL L L]

HHH

1

1 H - | |

i
t
T
1
T
I
T
1

1A

r
1
s |

[ M A )

IS W

L1

ng!

1S |
AN |

-+

i
T
1
T
i
)

NS SRS B

IS ENEES W

L+4

b

§
pungas

T

;

A WO
X
M
1
[]
I
3

1

}

L
:

n THsne
F
I
X
[ ¥

TIrril

IN¥NN ui

-4

B uiins
.t

-

-

INRENaABNE
it

it
jutt ShaE:

[N ENEEN GERES RN
yi O AR RS 2 ¢

W a.

-+

Lf+1

SIMINT IO HC LAIT FATSN
oy

N YRLVM @700 T TFLYENILYS SO MOTS
#O FLVY TWNTO/ FHL JO NOS/IWYIWOD

H--=-

At

b+ -1
L+

&




39

; IR B BERRNE &) e AN IARES E8UR !
15 S it -+ -4 e IEE SRAND FNRUR RAN A
I 4 ! T EiC. i 1t >
FRA 6 i _1 [ ] i u
L r I8 e 1 |
1 t
s i T 1
- | g F S -+ 4L \“
e : Easpa: maEn . s " pas
f - | : 1 ; i i ] jw i
4 pan b u
1 M 0 44 |
I s
_ : T iuwa | | omy
1 i 8
] k {9}
] i N N , b T T
- : : , i -
i . : T ; : HHNT
I 1T T - H 1]
4 44 iy ! e e i b 1]
+ ~ E : H -
. ] g ; I ; 13
] ! ' - , i ¢ A M H - : i +H
; t : 4 j el SR Ao 1 f i f i : ne
: . 7 i AN IR ERENRA t my T it N
i f 1 A i ! ; 1
* e R t T 5 ARgRESHN ! s - o T it 5
i HHH ! 1 1 ST ~ N ]
T T * : ! ny e
I i + L1
; ; ny
* ; I n
- Pyt
i A : . R A i Aus
T I T T ; " (]
; INE EAARNNS : 1 H
L ;
: T - ) _ﬁ . - l .uu
i T, # T ¥
T T I )i H 4 i
, WS , :
! By - i 1 H 1 [ 1]
M i1 I | 1 T 1] ) i ')
u puhal u / u pud ! i ’ i
+ - 5 SuBAD SAPEd BEBEE R H 1 T + Y 1 .nnn
I o §- . L i ! - 1]
h for | } 4 i 1
T ! | SN | T i ! il =) | i : gun
W . : m auds GA RN R _ _ ui i I ]
T T | T v BN APEEE K AN PREA < i H i 4 1 1.3
T : +
- ﬁ 1 1 ol A A Red LS aun: E {Sudzn
T r T t 1 H 13 i 1l
T t 1 ) ! T am
J It 1 1 i n i -3
17 4 T T 1 N 1 1
T . ™ ,, } RRAY-5Y _auz I . , : RS puNY 1
i " ! = ! > 1 1
T ] T T ESUEY~ ! ne rt
" ! , W , 1
-t f i un P L T : SN RPN B H
t t i , T Hh i g sqRnd shusy o ] ne
T T ) H A 1 HFEY It ! pmpend
ﬂ y . kw ! T EEEEY Sngup mwn b : - ﬂ
: : Lt VoL Aea (3§ 1 45
et rH o dYoot T
; __, o t Y DENTE SRS + $aen as
Nt. d L 1]
W - asiu ; H - . -
1-ig T | T 1]
1 1 11 i ! -
T e T 4 -1
1 Tt o ; I L
: sy 1 ] RO 1 i C 1
! * ! 58, - __ = e
f ' aaR na
T e : ] xSy
; : 11 , [
o Eamad od - T i I M
1
- 1 iR aan ; ” L Ra _
w_‘ U FRSES AN anEm M REESE . L ny LpL it ofd -
Y.H % e
i
: SYHINT SO/’ FO LIIT FATVA ; i
| Yo i
UTLYM TT00 @ OFLVYNILYS JO MOTS ;
; i
W FO FLVM FNNTO/) FMHL JO NOSINVIWNOD BT
i {4+
i T
' !
1t 1
RN 1
1 »m —A_ *
' i J Vg b
T : T
ISR RN T 1 it BESSEDES!
JREEN NN i o
TTLLL Vi T L H
ITT R) H : 5
. § THITETE:
vt T 1 RS Iaeasanasn




-
»
o

11

i=

i
]
as
-]

LELTIELL | REREESuNRE R

IREENREANS 111
1 11

Nl sunei

Ll

L

. TEL

T
I

L g - i
4
FRREES =

]
0
i
11
]
1
i

4t

T

T
)
il

IR NN SEAN]
|6 WE N W

= &

i
1
-
1
i
T

1
i

b

I AW

. 8l

H-H -
25
T
I
I
-
g
o

;
1
b
[N
.
:
:
T
!
ca
2
,
b
-y
+
&
A3
i

jorN PEN
I 5% Wil )

-

=

i§
-

H

i

:
Y

T3t

T+t

-
1
‘
1
Exg
:
;
-1 j

4

IR RREEY N
' 0 5RW WS W]

1

!

¥
H- 1

¥

T

L

T
| WREEE BN
| I Y

i
-1
Rpas

AN NE S
(G

.1:;“ s
L

—

b

}

} Wi

Beas:

M HE

|
N NENEE BN
A1 S

SIHONT £2€/°0C FO LIIT FATVA T :
oY L |

RN et
1 & W

YTLONM aTOD  AIFLYYNLYS SO MOTS T :

IO FLVY FWNNTO/] TFHL FJO NOSIHYAWOD




41

G JEEmTSoens CmamsSama e eSS B B IR RS e BREst e
N - . oL o + o Ta T 1
_QJHI v L ; 1] ; : LN X
T T + s g eRake MR
: - ; WES RN t I RN :
e + . i - + : - 4
Aannkiin m 5 aE= : r
1 B . i ' ! it
: HiH-H TTH ] ; N i
: t - - - ;
+ RS Eanca andy H Ea it e gt
: 1 1 Wil = RN ; it L ANRNE KRN
L e i ruan axs ! ;
i : : ; ] 1
: _ e E :
I
T, L Lk L] -
} il ! 4 | -
L} i N T ERS It . -
TR} BRSE RN i - e A
o = —- w
o 1
T ; : i
; : B A -4
lw‘,. i T } ” NS
= T B
r ; , e - w8
_« i w\. Al ~ : -
T : = H a L
T i 1 n -
] ; by ; 5 ]
i ._ﬁ'ml.l .Lin ! I “ 1 B SN
r- < - : » lam
! “ B d sanis ]
! H e _, -
1] o i :
: ! bbby ] +
_ Tk o - % : : Y
[ R i " | N
T I S ETsa r T
T[L } T ] it i SR
g : iSiE e in: 1 4
] : T - A L
J ; ! -
| Iﬁ L + | m 4
i 13 L | I 1 RN
fit } Lt f ,_ | i u
7ll] ! ! ; 1 _r Y
+va 4 » | H 1
i I =T
| | -] b-r - 4 I f 1
s -
‘rll. ! : +
v 1
1T
-f e a3
4]
| L
: F
i W
I | T
R B :
1T ! L
] } .
_ : i&h
” L M.. - 4-. SR8 ._ aan
T 4 - byt
sk
: = STNONT LOE 'O YO LIAIT FATVA B
tw : Tt + ; ,_ wOo.y +
} gom
m XWIFTLOAMN TTOO ' TIFLOVUNLYS 4O MOTS RE
FO FLVX TFWNTO/) INL JO NOSIHVINOD
I
i
i
- H
paon T
I TR i
n g I
4+ [ e
J RO SEER.
1. RN o
E i ;,T_L




11 | BUNEE | 1§ BRG] P ARNSEEEN | S |HNA PRE
11 1] 11 |SEEARERED kS IRRN RS
4 +H H un S aanmaanE +HH
e
] T
. . .
sye8
2 A o
T ns i
§ Lo e anm
: | T R
! n t& L inas
' 4 aam
- - (P
X . in . vann
HE VY Y r_n1~
T + ] ultm__r £E5 usa up R T
jN EEENE N il 11 4 &
IR FREEE 8B 1
0N 1 = T T tHH A
< T i mi
ATAOWTY Swm Srvg IATYAN ‘
NINM q +
B wFsLoM TTOO 78 CFLAVMNLYS SO MOTS
W SO FLVR TFNNTO/) TNL SO NOSI YVINO D i
_ | g 5.7
I ; H i
o T
5
1 Ty L AR
H it
4 o )
)1
: 5P RS
1 3!
T .
A N B ! i =i T
} - * -+
- 4+ 444
efSyels gut
g gUNEN )
1 i Ras il B M“ H -
1 ¥ H + L
T ) M Y -+ w “ Swge wan T
I 1 #v M M ! -
i i sEeei i 5
i SEny T e Aua g shaus Snan ! I iy
il R e R P




T T T T TrITIT
L ! 1L [ i} R
H I " e 1 “ A GN
‘1 - ! ! aN :
RN
T
44
nE
I
+
s
|
|
4

L0 Yk W1

“ B
p M pAIvJ et
i} sty s i1 et i i 1
g sam i suagaas:
] e 1t 1
FATOA LSTL HOnOwNL wILYMET T e e
e ; TILOMNLYS SO TLOY MOTS Rk HE e

LN

e i b 1044




I R S AN AR AR I | T T 13 RS ¥NE]
17 {8 M { Ingl REN NS SEUNSENANA U
"4 _Hl -l
1 5o e +1}
j! I
]
. L
i _ T ;
:
" ] :
1 T
! |
t .
- -
__ T
T ] w -
w . o e
T T T : ! » 1N ¥
+ t : H
+ W _, _
1 * i g ﬁ
i |
¥
T 1
i 3 43
t
] [T L | |
T - 1}
T
1 ! “ o 1 1 W i
= ; . ‘ﬁ - + :
i sand i aphL : g i . 11
! e + T +
7 " - T T . t dxn i
i I t H T T I i y ; P ! ; C
T |\ « - 4 ] 1 s = t - t e »
+ ot} - - - -
L L : |8 ] f! Ll it
1} | I B 1
: L ! ! 1 - b
At . sunp : 1] N - } 1+
I i I} BEHEE H 11
t y m 1 T \ﬁi ,,
- _k i _ i + + BRW X *
! i T £ e -
r ann i
- NN } e i _ :
fodei & L
: _ 4 - 1 s
— N
! N RN 8
. ; n o YRR
; H
5 T ol T
4 T v
1 I It
- , 1
! : )
1 1
T !
2 : ! Y & nuRy 18
TTT L
AT ! | i
i : i - i ; T
1T L I
v + T ; g 1
n I | 1 T 8
- ) h. 5 T
I g | J
NURNR pENS P w _
; HHH _ o
" i I
1 an n o :
RSN T
agl W nagRsl u % O | o
Y 1N T Tt 1 T
TE Eos) EapERans: sSeagls : 4
p ; in
I i 8 ]
I
: T
FATVA  LSIL MONOXNL Ens. ! i
AFTLYMN TTOD IO TLVY MOTS . T puens ;
Il I 13
o7/ o/ i 4 it
T + = T
g ]
B
:
T




45

] Hi._::m“r-:»::: TR N REENERE SR EUS ENEEE W UEAE ANNSY SUNASEANGN BEUAEEINEE RARRE RERTE BN T
i > e S HHE 1
B, l.uﬂ el ..T.. + -4
- i 1 - - L)
. 1B US BN ¢ 1 pN i HEBEY Fu)
ot -4 - e H
4 i 1] auE
-
v
anw B -
(10 . - 4
i
-
“T1
L ] v
|
gasE e st taneese : +
! H Bl - T
1
t gt
4 ¥
pot=t v
! i + v nuW»Ll ¥
= 4
=1 - )]
t : » 2 :
: 1 H “ yan BE Bt
1
B ; LT 2 t unn
, = T
|
t : 1 pored =H [ .
T T T 1 RS
1J I 1 t o
i ; : . Vs
: L st i
; T et ! asaann v o8 "euans T ¥ , ! ;
T T 1 BN A | -4 - 1
. 1] - 1 L]
1 |8 SuN f 1 ) P
L oae
. H 1 1 14 bt ! s = -
a 1 X ; ; ¥ y - T e
i Ty (i ’ A 1
{ '
[t ] ; - g
55 ” : 2% geEsva
1 H up ]
1
; S ! o2 PHHTAT
, : +-= ¢ ”~. T L g o } . |
s s ! 3 .wl ML ¥
; + 1 wapd o T
: 1 ERS
- _ 1 i
.H‘,l»l + T
. 1 ) 1
H _ | o ) :
t 1 oL I : e . T g 4 . 1 ,
A " T f J
v : 11 Y N0 B! ! ! T
i ; n 3 t u et “ 1 i f I
- -+
-+ H + LT H [ -
[ ] i .
pgn) ! 1 by H i =
FSgs SRass sxnsanng he . Hit
WILVA TTOD 8 CILVUNLYS SO MOTS
HO FLVY FWNTO/ IHL FO NOSIYYIWOD ;
,1..
b
1L




oS

46

T
HHHHHHHH Hd
T uy ) t T
347 REp R 4 -1 T H
il - et =ds == : - i
Hr + I . 11
uasngdug s Enp ey ;
b N LT 2 BE& Tt A
iR aus . [ T L H . AN
i T
+ N
» + i
} 3 1 i
> - o in
H ‘* n B
‘;Ihnn T H /
. : 1
A T ; e
) - ! RERN + H
"= .auy iy u, cognudinnss - Jusy) v
NESy AgY SSphsaps 2a9e ! Lr.
A4 1 » 11
“ I 2 1
a: 2 aakl ! Fup
ueus Sy t ! r.* ’ "
! ] T !
a niy SRR I T inng
pt T A 1
o : !
i - liﬁﬂlv 4 -
s , o E +
e + H T §v ah
- s 13- - ” !
e njay i -
PEES 5 ¥
2 . of in 1 pas
3 : snii il I i
< anay ¥R = 1 vv.,Lv"L » ‘ 1
A ; - 3 cauit 4 L
s [ 1 ) y
e > 5 Ageass
-8 Il i : p L 1 " I o
. - . r-
Il! ﬁ‘ ‘ wﬁ ’ -
L * :
b4 ‘ AN
l*ltu " $ i ARgnpes
o aa . 5 "gs ass
e i b
o » T !
"
- - 1+
» I
i
: 11
.
” BEaNgN B
ApRasymas i ] TH
‘B ATV LSTL NONOWNL NILOUM
T n TIFLYWNLVYE IO FLVY \Soaﬂl :
'
v
W ¥
TTITY >y mang pewns
| L1 +
il L 1
e, ; :
5 R
H i BERESSS SaEAgoesasEsRsisafd SRES




47

{ BN ¥ SN HANNCENSRASRERA EDENE BRI |IRMEASENA BRATE N 1A SUBEBANANE B INDANBE ENNEY A
4 1] | IS NEBEE NS NRAAY RUNI " 1
L . +
1 Suns e 1L ] : .
+ e I HT o F .
aen :
} i _ H
HHT - 2
N 1 ANEN a
Y To -4 +-1-1 441+ || 2 |
Auui 3
T N nndsd ndgng » WURP” o
Ly REYNE SRR 08
. g
$4obgr pepoteget y
-4 V - -
1 Y
i 4 s
ARguNw RN N g .
p -+ -4 + f
3 > = w 4” " 49
g 50 T : v i
NN » . ; 4 1
H o ¥ 139 aigh s i HiTH
T a8 i H [+ !
as Tt susn s RRRskE
- : -
. 4 RENEA S I 174 "
+ 1 —4 4444 4~ H +
- - t +
1 - g iy o . sn i I
VIl ] » §
v i 1§31 YJJ 1 111 ‘T “
T T T = !
gans inas eets vion ‘LT- . ARRupSRas fuay !
L Lv.fwiﬂ T i e +
. Tflx.l au - 1 W M
Lll,u*lw‘ - RN L
bt " 4 ] FREE EeRRR 4 ENE NN d
: : ~+
T T T T 7 1 jEpr.ans 1 :
i ROENRY Ses SERY I s T T A u{m . 1H +HH :
M H b 4 e
- i : -1 1g 4 »
I - " au + . -+H e | - !
B T T ] b . L{r .,.mx .lL‘?. er 5 -
- }- .4 { 4 » »TJTY RN Y rtpatt } - +
jES EEDRE Ras I : 1 RS B! o> 1 ot e f ; +
i * t 7 " pr =TT - AFW ny T
» 1 ol Ty 113 > o Iy is i\
Hd et + It s o
he- o 1 ANNGE BRRND~ NN NN FOUEY " _pRu il .
- > .
T e ! s g 1 28! 2jaagmape” yapm: Epes
2 e i I o (dablrar iasage snins
+ i H Tt +
3 4 bbb ol L Lt L i < Ll g
} i = s mEyrr  wha
T T 4 pii e AT
H a ! SRS NN 4»+ g agune ing 10N by o §
a ™ guunpus T
1 - 1 ! fui HJJH
11 B RN R Ea s
i o 1 | 4B = ) 144
e, eiinen - 1 Tt A A BREDE Faat !
<nii = 1 - w» 1 s ,ﬂ«r_v 5
. T bt ! . SENGRRARY + =B .._& -
i EERgaN aupalh SESESSan
- ot 4 + e yey REEREW
ettt e 1 s 3§ i dnagd Shiun iye !
; i LT ] P R e T ey g1k
" aw T T AU EEEET R RO R
T 1 SEd BRevs ARy Fealbi SR80 SRRER L 801 ENTAS KB T T
: LR SAERRNRER, SIBN: MEEENCISR) ERRERCNRE L
RS SPRBY ERTNY § PR FEANE PUNRESASES RUSSEORRN RRNE NG T
o \J,\ hu iy gl ERal g aSaka bensvaipt nd il ot nnk Sniea SN -
Wi 1Y N AR .q FUN pask 4 ]
: » ] e as
g 1 . BREERSFayNENEs S
ERss deas ST R FATYA L8FL HONO¥HL :H N
snl REY SN EURGR gun gl
4] o Jd O SR A0 N N O R 4 b +4
e it THUL N > TLOM  TTOO SO TLYY MOTAS T + H
f} 41—
: .ﬁn ~ 4+ H 11
L1 L :
17 1
B FERE EERER 23 13T -
s 1 4T il TWL § gy i
ies : :" uww N 14
B 4 boba b+
Egaal : b 1S 17
it a HASS N1 it 2l i




| IS SREFENRE RGNS IRANNVNEQENE AGERADN

IR INEETNENOREANE NENRE FERAY ANENAURARHR NS NRANGAN ERUSNERERA IRARANEENNEREN]
tow INEENa B 1B NS eSE RSB A -
e - == -
{ a7 o o anw e . ue
. o L T g 1 b n s
. H HH : H HHEA - H H HH + s HH
=== - m - SemsesmsSues . ssesw
> =t
1.
} I A
re 1 4
x et
am ﬂ jxl‘ 1
T
J REmERse-ace H o i
L] T 1 "
e g - AL g . i
o p i I .1r &
i - ] L <88 v -
: 1 » -+ ne "1 F *
i ) 1 19
sEdg158diso g ,
bl
o . t = i ml r (¥
1 1 ; H
et + -hum + 1|
o - pfpod
e ol = et } Hh 31
¢ i
8 T T -:. - . 1 L HH i
« - ediiacs i :
1
H T f !
sliis B paken - g
Sl e : 2 ot
! = 1 : e 1
_ll H L -, 1 '
. e IR WD -8 » £
HE : . :
i = H and S 3 11
P o p n
BE 11 p r . wﬂ | BI -:
il > [ -
m_ - ’ p T4 [ _“ .
+ :
. ¥
S aniBi o H .
3 g
B ut
ot . Aﬂ = *1 ‘ ..h. +
- H e : {
; g
L tEHHY ¢ 4 Ftyanann w
o H p 1 BB T B + 1
| R '
"L .ani 0 HK kn H r +
r
i T 170 WH.
] FANTCA  LSTL HONOYHL
it : TR oTLOM TTOD " TFLAVHNINLYS SO
I [
‘N ysiv MOTS O NOoSt¥vadwoD F :
: 57577 :
; L I T
. T
I i
: S — :
}
m - H
M - 0 . i :H 131
1 L. 111 13T b 13T i 117
b e 1L 3 1 L] JEEEN Rl W By 11




FNTeN LSTL  HONONHL RER GI3I ERS) IETSE EEVRE FRERE BESIS BUTSI NOPURe e Rl
WITLOM CT0O ® OILEXALYS SO R Ll gy ot o
FLEX MOTS SO NOSIYVIWOD 2 S SR RS P e IR R TR B3R

R




[ RO

_‘ H
1 } 1 Lming dag
SeREan Ly i T ienkanking
4 . e - A L1l
! H m \m s 1 i
1 44 Al pbrdad s N
& : : T T
; : N H A ] : T
T : 3By [Eaa FRAEY Snns Facns this T ERSREsyEs
I 4 T i i rr : +
| P .1[_& t i ERRS
by § + i + 1 T
NS NN B N 4 ‘l : : ; |
 wyky nusy =oti b T i gl id i
; fisgspst Ead s Speuntel slyeuyein
T ﬂ * guaguasi g
I‘ -1 ‘T R -+ :
+ -1 - H -
! Thr BRNGY BN P r 144
g 1 .mr FRER J.[Jr 4 +
bty . g pa-b - L 43
il i Hi
1
i
t 4
T
BN ERES ana
it
PO N 14 {

oy pnmh e
ey
| 1
: SRR
oplpe
s
" Bl it s e A i
T ol ~<dfsh JERARNRESNSAARUERRuSS naun pnO a8 Y
[ & . RS ANAPR ApNRY SEANE I ANRN T
; e P NEURE uRREERESE TR 4 fa _
H ; w ‘ 2 e
+ 1A al 1T Tt p . i
A 1
b4 4 i i iakas “ T
MAW.vnm H ATR. i e
T M. | T
YT LOAT TT0D T TALYNLEG
WOS UL FAOTS A0 SIATE ]




od

T Iy + T w “
i FEHHH -
_+-
[N 1
aus AR "
: EERimsn
ﬂ
1 A_ “—
T -
F Hb
8 E_ - . i
‘ 31
= ; /
’ T
1T
NEENN : ! N
[ H i aais _m L
! gpeafuaky of i aunan coReh ARRRRRS
‘ ) M
VFLEM TTOO ® AFLVHILYS Lo
- H0S ¢ LNTIOISSTOT MO TS
= H
T
o [ N -
! S
b5 S F
..,_A_w.uﬂw% g ! ‘W
tH sl HH - I3 9
i T LT H fitj




52

T 1 T T T I ToT T T T T
! H i N HE N1 1+ “. o i R FI4 L
T ; : v i o : ; : 1 T e
T T IRE SRR 3 - dinsninl 1 i
T ] ; { i ! paR NN
BANRRNE Unpaw AR AR & H guanE dnmn u BERENd EnaiygN
+ - M i v«f . )
Hi -+ 1 ma ; ;
o - = o SEEzast -
B - 1 11 1T h
' ¥ inan : (s Bhod -1 - 1 i : z a8
== = * s ¥ S, nay !
H FRPRN suag
-+
pn g
s
[ ) WA
;
Tt HH- !
g ;
—
¥ 1 = e -4 g
N i + !
1 1
314 bty T
1 +-4 -1 - -t I
: 1
- Ersad T ! ju BN .
+ . RER NpuS: T i
- Skt 1 L, !
HH ] 1 + B i ] + !
» 1 ! . -
ng guas T ,
n i 4 a8 h
mam 1 E=a i i
" b . ' _
oL T i -_'# 151
. Ry n; ~
! 4
aan syn. = :
L 111 ¥
730 74 Huﬂ - LEELEH
1
am 17
Ll
. iy
p : ot
: i
T
[ bt ot
ANGAnE FRUNRSN
T8 + !
e " } usd RuN :
m g o :
t puy B!
= - X
I
T : B “ g e -
§
_ o ANTI OIS A70D H
)0 :
f i
re 4N
1 ~ SRR 7
i T T +
. : M 1 T 1 .
A s f t HH i
; o R e P ]




Ll 1 5 3 : 4 1 e + 1 4 e e - -t + -+
M pEan T ‘ILY o 1T 8
iEbe : - o
L ! Tt pupan ubnagunsyy T
wvﬁ.L 4‘ o - - .~— w ! (11
et LT ek : i
ERY BRERS 1 SASRANSRY BIS
{ 44 A i
» T I ! o (g ] T
1Ty nys 4 ) T
T . T ———— e
r H I -+ - T
i
3 BN -
M -+
1
T
; - Fa 1+ H i
Bl m 1
1 )
s 1 i 14
u : 4 1 = i
i 4 : : : 12, BSEaES HEH
. 8 I
[T " - :
e R T X
1 " ) 11
H _
. 1 y
s , 11
1 " 1] uy 1 T :
1 1 i -
i
o4 &3 +
pSY g :
3 ﬁ
. I
T
"
bt
i
-
] iy +
! i) N N A
. "
1 - -
1
1L 2 1 T
i
b4 - N ]
YIFILOM TT0O HOS T
pp—
O ANTIONSITOY s : ans
[
ki t [RRR 4 SENnA N4 »
1 T JRANY i1 e ongNEER
4 AN SNUKE quuSY FESEY BS
s T .
#
s 4
.un_w| 1 + + 8 1
1 a8 . |
BN i } “
» gARN : ) |
3 T SERBS EARNRA BqNaRS
1 W - i e g sean %
ma 2 PERE FRNNR RN
TR %r [ f
Wupu pg s : i . RS dunswuniEy SRSNEES
rit : g8 RIRARRRRES AaRaR 168
BhEinGaE S S i
i { bR T T aadans ISaags 1
RS M TS T 1
il i BEasEREs sEaaSEaRn cpaRncass s sEunnan]




1L

T
Lid[4¢ )|
N Tt T B A
; i v [
- - e -4y + -~
I A}
T
e
NS SNENY A 1
L T } 1
+ .w HHHEH 4 “ r.‘ i ~
g - o H =
; 1 f
HI R 1 S
HERERS 4L SEQEEN
—n Rman a-n 1
H Freya A jRan
-+ REavga rAus fasn hollag ans Eysiantd
1 1 aans g : ,,
RN SN L 38 :
aaEa s g gEmD agun T yun _
- RESE ANE l..l:l'M
B n
fl!l&. . b4 ERNA - l!lT J.u |
: I ah : v L I
4 bt MRS BaRua T 1 T
H 4 ¢ + HA 4 T
LE 1L 1 +
"
. od g R
l g
i ] ags : :
- ey !
P

F |
11

54

R
{ e
1 1 44 :
A4 ottt
: T L {141 -+ " b t
L 4
I 1 :
4ol 4 11 ey ] , NN L It
{ ] ‘, g | FT T u ot afRnRunn. ﬁL. .‘.W-ln Eunpany 58
N i RN O IOy 1 i 1+ T 1]
— — +F- 8
w ' : 1 1 ! « ~uy .m T g
1 + T T RE B V_\( i _ ] -
1 i 1 - 1 4 !
REBH 1 2 1
| - 1 it
L f I F] T I
I¥] T 1 EEEE
7 B 117 I3
RERE R
NERR -t - .l
s NENEsEN
1
+
th ] fevinapy
b uns
i
]
T " h }
_ | ¢ : T
: ] ] 1 ;
;

WY RS S

gt

TR
HTT

‘“_+——— =

,j i

T

ABNER B




1<}

1 i EUEYE THEEE RES] [N R
(L 1 SHEAPY RAE
1] 4 oy
LEIT e | «_H__
-} B
== = mses - = y
T ]
L ..
4 a8
w !
T
=t
13t -
1 1
g
) | ) |
f 4
¥
) |
|
| |
) |
}
| {
¥
s'.‘“ e
o 0 INTVA ,
o
I
i T I
1 L L
¥
1 3. 3 -
i P SRR
L,v [ .l . ]
Fuey T 1 Y
14 HEHE i i
SRR O - Jl#




R N I 2

»

QWVYTNYLS & 8V YWILYM TT00
SIS ST LV QTLVENLYS YOI
MOTY FJWNTOA NI MOILONCTY TN/

Lle » e
T
I .W LI
T ne -
3
T
1 !
\ ] 1
= 8]
el .
anEs _
i
I 4
_ru “ ppere
R atEi i ;
- a= ! T
EREN AN din !
t ;
1
4 1 _A.vll
: f
frer
i ]
i o
g
= caa |
- HLT T T
b -
rr
; R
!
}
!
T I
1=
3 "
L
H 4
" T N »
' : HH mdgas b : ,Anx._x.”i
11 1 i SH e B el kil 1N}
P SRR SEARY SSSTE NS ANY ENWN 58 EEEEA B S NN

-4 Lo

. L

jRass

-1

Ly

-

- T




57

) i ) NS ENNEENENRE XS 1R RE B JENS I SEERA RN | 1 i 1
] 1 KN b ] : I8 R
3 { p— - 1 ; l M
1 ! }
; ny i § ) : }
1 | Bi T T i
I 1]
1 1]
1 11 a
- - - {0
| ] ]
)
; 1 + I 1
1 T I ]
: r
L £~ T 3
I i 1
K ™ Th }
m
L
i |
EEEN yu ‘
1 T U FERRYRNE
! 1
- + =y
[ 5
I ]
" i
]
.
1
!
]
[ 1
|
[
o ]
[l RENE N 1
T pad
I
1 ,
x|
I
} - 1 1
* N »
[ NER) ] n
I - ] T "
» 3 al
4
]
E *
i
i '
v [
[ Anpas ; - i
+
[l
=
1
=t o4
+ 1 h ~7 ) 1 Ehe
IS ) ]
ri- i ! ' . ﬂ I
1 " ;
| T
SO U SLNINOAXT _
Iy -t
- ]
B sms o nrvn  RIF
;
o 1]
plaws 1 -1 - :
1
_, - ; |
T a1l 1 I
t - S4E8 pEEEs 3




IS NRANE ARUREAS!

I8

REER

l R

11

18

1 4

o1

i H iy
it
M UNTIOIAATOD
FNL 0 INTYN

v2-Vd

b -

EauN

[




59

FHNLAATNTL NOUYHNLYS — M&N
% THALIYTASNIL| YT LM Y4 ve mqu
7
L29 ON157L .ut\vwdutmﬂ \\J«ﬂ\ - o9 ﬁn ™
8 - — - Y oo
Li2z ON LSTL - T7SST M Iy D
0% N
b (C
dﬁ._m
ov
3 OF q
0 ‘9 Wy
N uuwﬂ
D YALISNTT FALOTFTT THL L widﬂ m._
WQ\Q\.\QQ.QQQQQ FILTTTINT [ Y oFE >
o7 0
oeE B
0o ..m

Fzrs £-7708

-

: ? <—SNOILVLS

w

Z22 w29 SHIGWIN S£LSFL
| 0 yodHEwWoo TZ-9 |

(L7 FATHA)

—>eC¥0"




60

oo¢ g
FHALSATINTL NOILYYNLYVS— y|
T X W Y KX X - ——— N d W
Av z- w

A ;
FHOLYHTINTL LT LA ) A
. 1 P [§
2 ON 1572 .uthww.wta — I R m

- _ - _ \

o e mauw

@t ON LSTL FH1SSTHd lr/ oF |y
_ / | g

ook
| N el
N
4 R
P ALISNFZT .W\"\k..v.w‘.u\h\».w. FHL Qs \*ﬂﬂulﬂl 0

NI TNOS S THYOD %v.ﬁntu\w&.m\&j\ 7
0%
= . o s#e¢ 2 ~<—SWOLLLS
Fzr5 £-7 7008 —=—Mo77 w
M - - - - T = 4 - w -
£ 5 J

A
'
.i._ (LAT FATH)

In.h. | <70}

V28 SHTFUWIN SLSTL

JO NOSIMHGHRDO - 92 - D/




61

ory g
-.m
_FUNLIHTLWTL NOLGHI LIS~ oc %
Ee===Yr=.8 N dMN« Wﬂ
\ \ 02 m iﬂ
T .3 a
| - _ﬂ
N&katm.&\.\wk .w..uk A\s , _ mqwu
\u “rswear .ma\_ 1LOFILT FHL Of ++— g w W
WIGNOLSTXNYCD) FTUSHToIWTf— | | il
S/ION LSTFL IJHNSSTHL N NN
== . —
\ﬁ\ == == e o ' OFE /-
L10Z oN LSTL -F>MSSTHA i M
, o A
oSt
8 ) o o+¢ 2 <—GNO/LLLILS
F2ZI5 £- 77008 L7077
- - + -1 : (R - -
[
‘ .
a7 31704)
10C % &1 SHIGWIN SLSTL| ~%s""

FO NOSTHENOD -L2 -5/S |




ore’

‘FUAS TN IL M LYHILSS*

S T 7 LFMTANTL

62

#l A - = li /K —“ Sﬂ
\
NI m
TFHOLYATMNTL _HIT LMY 1 ™
\ “ 10“... I
> Usrsvog FMLOTSS T THL QL /._. » GET|y
ONICNOLSTANOD /7L DIINT.L, /m 4 w w
. N
76 ON LSFL FHNSSTod TN N
L , ,_ (o4 Dy
802 ON LS T L -~ THNSSTHA _ 8
o7 S
PAJYY

0
-
A
by
‘-
™m

7 <«—SNOILYLS
{

s - - . - ,..ﬂ\ ‘Ilw.\sqk w

. -A L ~-\

(17 71764)

g 4

OC?’2 IE SoIFGNMIN SUSTL
| T AOTTNOD -T2 -D/




ozt
0T N
3
FHILVHTSNTL NOUYHALYS— % m 3
g —— < V

\ o ¥
- 4\ < N

\ \
| ; w
L |
PAULYAIINZL HFLEM | - wqu
| |
» of\%&, FALLATS T THL O /L 35 0 7
ool 720D .wu‘\ktkwo\:\.ﬂ-ll,k_ : q_ m
&L ON LSTL THNSSTHS =—==-==f |y N

? X ' . oF muwnu_w
LE2 ON LSTL IFHNSSITYd oz W

ﬁ oot

7 <—cNOILHLS

-
Y
)}
‘—
™-

m L 4
FzIs F-7700¢ = B
. L | - - 4 - 1 -t - = - \
.Wkl A7)
ZEC B SHIFGWIN SLSTL| —m|[.c%er
AT NOSIHOD - 62T




64

oet
2 M
2\
FHNLS S TdWTL Skttﬂktm,q M OF¥ w
e e B “ N
e 3
Il TAtWT L LA T i \ o
i 3 OFEYy,
P ALISNIT TFNILOT ST THL QL L _.w w
vanorsTERO0D Tt ¥Tawzsi+A ——1 Iy |y
— # ! o7 i\
. ] e et \ R
E6TON LSTL N»\QW%MMRIW \ | 0
OB ON LSTL F&SSTHA— o/ m
/ o9t
J _ R B .ﬂ.q
= L 9 <ore 2 ~—SNOILKLS
7zi5 -3 7008 - DT
ﬁ .- - - iy - w
| X
\lrr1 217600)
w08 SYFEWIN SLSTL| > [€ 49¢

FO NOSIHAANDD _OE D/d




!

S

8 3 3
CHIANTL

) O LS 7L - F&H/ISSTHS

PCON LSETL - TE7SSTY Ao

P -ALISMTIT FALLOTAAT FHL OL

DNVGNOSSTSIOD NiMQkTNNO_AQWNI
| 1

Fzrs f-77008

3
Nzer
fo] 2
-
SEEN
aﬁm m
i Q
7T

2 -—GSNOILYLS

g

]

<— MO \\

|




IS

gy I

Saieney
I

g

¥

SRS SENery irs

EEwY S

\FINOW TS SOUM 9NTa TN
NIHNM CLYT LSTL HLIM CTHYANOO

IoI1NO TIOAT T
uFL

oA

OMHS MNOYMOYNHL

UM TFLVANLYS SO FLVY MOTY

EURRE FRBg

P S . . : ﬁ‘lv,r...r




67

UPPER END OF P/PLE
MUST BE THREADED
WITH ST P/RE 7HDS.

4 HOLES F DIA. DRILL THRU.
COUNTER BORE WITH LARGE
DRILL. 7O COND?!TION SHOWN
THIS MmuST BE DONVE BEFORE | -
ASSEMBLY OF PART NO L L

3
Iz
' x \_\: N Y
I B N !
EERW:] N . N 4D -
NG R | DN L —MILL 4 SLOTS ‘:;Roufc#
11y ISP BN AS SHOWN. P
Moo ) — B-HOLES 3% /A, DRILL /)
| 2 / | A 77re wA AS SHOWN.
e s 2 1 -2
| 527 F/ 2% r
| — L. 3| 1| ASSEMBLY OF ITEMS /&2
’ . . —_— L 1 ”
3 I 2l 11t srp. prPE-10"LonG
~ — " p -
1|1 IgD_IA x3LG | COLD ROLLED STEEL
774 NO Y DESCRIPT JON
; Lo INAT EI AL,

|DEPT. OF MECHANICAL ENGINEERING
UNIVERSITY OF MICHIGAN.

WA 7’£7-? SFRAY /VOZZLE

DT £ - 4-2- 5/ SCALE~ FULL SI2ZE)| DWG NO
AN By- DomadBmackAaYy | A~/




68

GLASS INSULATION
FHEMOV LD ONLY
e PHAS EDGE 7O HBE
REANM ED B POL 1SH.ED
ARPRPIEHOX  AS SHOWN

APFROX. HALF OF
EACH WIRE 70 BE
CAREFULLY REMOVED
WiTH DEAD FLAT
FILE R BU/IRAS
REMOVELD FROM LTGES. 3

g
? / A
L
S/LASTIC X | x
BYRR TO BE a NO 128 COATING ~—— i
MOV E, 7 o
ﬁﬁ“o%‘/ INSIDE | SECTION X-X
o OF TU/BE. 7 (GREATLY ENLAFRG £D)
A g NOTE: COBTING OF SiLASTIC | nol )
- 7 PIIE T BE APPLIED VER Y THIN Atz
- OUTSIDE TO BT MUST COVEIR EACH WIRE | AFFROX
P BE POLISHED § BS MIRES MUST B.5 INSLL 5 7LD
L AFTER WELDING FRRON) EACH OTHER EXCERT
| < AT INVELDED END. Si£.ASTIC 70 |
| EE CORED AT Foo - 4000k Y
? A AP KON, ’//’}j’ s s e
Co WELDED /N
BESRE _ (l TAPERED STEEL 255
\i \ (42\} PN 1S TO BE DRIVEN f;:fgjwé?f};g £
Lo ! IN TO LDEFTH SHIVYNM NEDL OST 7O
; 4 A S,.AS7/C NOJ2S é_quwai‘p‘Dé”rL’Z—i LERY SWMALL SIZE.
H <
| COARTING CUREL TESTED WiTH AIR[100Ps)) THEFRVOCHILE
i A7 352-F00 47 ON IMSIDE AND r/ﬁé HELD )
| e UNDER WATER., TUBE
| MUIST BE REJECTEL IF
s P BUBELES ARE EVIDENT.
- # Thr E770ve O COURY & WEL L,
- 6 TIMES FULL SCALE)
;2 RESISTANCE 718 | ASSEMBLY OF I7TEMS 2, 485
Ny, BETWEEN TH/S . . —
(. / ) ToRE R CUTER |2 | ASSENELY OF Z7£E/S 1,3&S
\ . ENDS f~ THEFRNV O = 7 A/ RON - COMSTANTAN WIRE
‘ COURLE WiRE O | 1 NO3B2G/18 LG Lisss CovEaRER
MUST BE IV WITE N4V ) | B=3” & o copram TUSE
| 31/ | B3=/% EOD COPPER 7Li3E
" - 7 MIBKE EROM NO-20%EB7¢ .
2‘ / "3 ) /% MY RPODERMIC A/[Svlé— ?
YR MARKE FROM NO
/|7 A-/# HYIPODERNVIIC NEEDLE.
1TEM} NO o/ ZE DES CRIPT I1ON
& NO | REQ AT ERIAZ
DEPT. OF MECHANI/CAL. ENGINEERING
THERMO COURLE, ~ = UNIVERS/T Y OF
. £ / WY/ICHIGAN.
(FLLL S/ZE R
~ ) THERMOCOUPLE ASSEMBLY
bore-a-2-5/Seace-NOTED | PWG VO
TR AVVN XYy ~ D ONALD 8B MACK AY

F1G 34




69

4-HOLES & DAoL § perw
TO POWT. "ﬁ/-ls NC3 TAP

S oF 1
— 1187 7;0 Vil THLS.

| @
_,% i (j

< fore

I a o
ID/A” iw” onm
/7

A NRAY v
C‘ I( hliheityp e
N ,."J'l',‘ﬂuq_

145‘720 \

N R B

t

T @sm‘r‘. T

lksez ;e:zﬂ'

| o5

L2 HOLES £ DRILL THRY
§16 NC3 TAP FART 2 Ony

12 HOLES NOW DRILL

. MAdnAY
@”5&“;«_ -
X AU §
i THRU PART | ONLY

@ oI5 45°
CHWFER—

i\\\ ‘
e ‘7"\‘;:: 514 [0 4+ /K15 STANDARD TAPER PIN
@sm / }N 4112{ % L OCKWASHER (REGULAR)
7N b\\q 3 /Q}-/sm&ALg.socm HED CAP SCREW(STY)
W 211 |11 2% 120 BRASS - SAE
U 1|1 [ 122%2128] BRASS - SAE L
- hﬂ, | no| g2k ] DESCRIPTION
NO [RZ4) MaTER AL e
DEPT OF MECHANICAL  ENGINEERING
UNIVERSITY OF WICHIGAN
SECTION A-A, SECTION B-B VER b —
, / i
DISCHARGE TUBE ASSY
DATE- 147-50 DRAWING N(/be‘ﬂ‘;
DRAWN EYy- DONALD B MACKAY B iJ
' 2

Fig. 3



10

« - 4 - —— s 257D, PIFE THI,
‘ /
! E /
<fx 4 >
<' . 22’ T ) 3 !_fu‘ 1 : l% I . )
. 42 o > . ; \5600.‘?02 ~ .
" ' ~ DRUL. & THP FOR
/5"-8 THLS,
W
¥
RN RN
/i X
DA 1375 Ih,

—/ L8530 VA S0°

‘ COUNTERBORE i |
' — THIS DIBMETER 70

Ne By
dHoles Wow BE A SLIP AT
IRUL THRU WiTh PART NO £-3-4

L SEE NCTE )

s BARSTOCK MAY RF ||| {2502k 716 | ERASS: S 4
b3 DA oo THE TEn 40 |__JI2E __Q@@

SUBSTITUTED FUOR THE
25*2/% MATERIAL. mﬂf/ — TN .
DEPT OF MECHANICAL  ENGINEERING

UNIVEESITY OF MICHIGAN

INET TUEE
(AT Bk RanNG 1NBER,

i TRAYN BY- :-'C’"’.'-"li' 3 11604547, B

3

Fig. ¥




A

R

L EIGE NUST BE | 63
SHARE ETPREE
FEO BURR e

Lool

e e 5000 -

il LRI i TEAM
"/ For a0 00

'&%/ [AEER FING
- |

— &R

'\VCO

TERSORE

B wED TWICE A5 SHON

. o o u;lg;,h‘l*l i
| R
— !
{ ‘crtp | S e A T S S I
-7 : ; \ g Ty Rk
s Afggg | BREAK ComMER - pim sk v B3
N / _ ~ B-I6-NC3 ThIS,
/ \/ 3 VALVE_RLVG ASSENE.
=L DBWETER MUST EF TOVCENTRIC
ATy C':/W'ATL//VF OF PLUG,
C AT
g l"\l"‘/"V |
i e
b e 4,
- WY +.00{ | J ;4-7
Y e
‘ 2 ‘45 ' v ] ‘[ _>—/\ q N - n
. . i R : - @ /»EE Noffd /v"-
.. a5 o
. ‘ |7/A k/
‘ y B B
1 s
4 ' ___,/ ;
T N g b
T CHAMFER
(4) PLug SLCPORT 57012 SPACER
NCTL~ BREAK AL SHARP EDGES NOTE. BREAK ALL SHARP E0GES
. tool THBULATICH OF VALUES FOR'T" ARE:
‘ M <8 ITEM KO T
: } ! \5 _——12\505
S 5 o-—.18%5
vgor i a 7 — 1325
J, it . L 8 —. /245
LR \ b 1 9 — 0625
+ L L 7 1 0 0200
‘ \\ ﬁiﬂ 3 ’L‘ Toscs R f-- oo
‘ " DL § SF R b 12~ 0050
i |oEr NOTES
' / '\ I= ITEM 7 TORE CENTER

RIS

(4 vaLve_scar

L )TER 8 T g SE CENTER
PUNCHEL  ONCE,

Mg. 37

s M o 60&
ChAMAER Ca‘/ VTERBCR!
(9) RET4MER
4] 1 |[Bweg T, |STAINLESS STEEL
3|1 08Dk 4 G| BRASS
ANV BRASS SHIM .s'rocw
e n’ BRASS SHIM STOCK
A BRASS  SHIM STOCK
RN D/A',IL.q FRASS
8|1 |1 Dikges | BRASS
711 1DiA LG | BRASS
6 |1 {IDiAraLs. | BRASS
5|1 [ion %6 | BRASS
a1 Vw6 | ERass
3 VALVE FLi/G A.sszmu"
24 [w- oo-im ERASS TAPER PIN
|11 [10m 6i5] BRASS-SAE
1TEM No SIZE DESCRIPTION
NC |REQ NATERIS),

DEPT OF MECHANICAL £NG/N££P//VG
UNIVERSITY  OF MICHIGAN

DETAILS-MISC. PARTS

.
DATE 111080 DRAWING NUMEER

B-3

DRAWN EY- DONALD B MACKAY




T

3 2
3 | ) 9
\ A.‘_’ , §
—>5
o
\\‘ | /”
O - x_ |~ :
—— L g
Lo o R v I
T AR i1/
U ISR ¢ SOt A S T DL
o0 | T g
. | 3
Aa -»3 e
62| 83-12 | SPACER
512 | 831 SPACER
Ml 1| B30 |cracik
13111 83-53 | SPACER
12| 1 [Ye-16-NC3 | HEX NUT (BRASS)
01| B39 | RETAINER
10{1 | B-35 SFACER
ol1 1534 | Awg supporT
El/ | B3-8 | SPACER
— 71/ 537 SPACER
€l1|B36 |SPacer
GEEE VALVE PLUG ASSENBLY
411182 INET  TUBE
31/ | B30 VALVE SEAT
2 |4 Y16 ne3HGlSockiT HED CAPSCREW[STY)
“ | B DISCHARGE TUBE ASS'),
. ' ITEM] NO $i28 ___DESCRiPTION
SECTION AA. SECTION B-B SECTION C-C. 20 MATEAL
, DEPT (F MECHANICAL - ENGINEERING
UNMIVERSITY  OF MICHIGAN
TEST VALVE -ASSEMBLY
DATE /}-#-30 TRAWING NOMBER
e Drawy BY- LONALD B MACKAY B4
;7

Fig. 3




[

@

-}{ ' NO-28 DRILL THRU. 4 -+ - K

i | \ . | \\
#m \ !“\‘

\—G-HO/_Es

SCALE TWICE FULL SIZE [peics |

3
S '| ) '
6-HALLS ' !
NO-65 DL S IR L
TWRY 6-HOLES
NOS! DRILL
20 Nor
DRILL THRU. € /i o
h "/'/Z; g /'/" ., /// :‘/ / // 4 ,I,,I”/), o
- L "] ——C
yrSmTIoN 8 i pE—r starion ! T ~STATION-3 0
I : N\ N : /’/ :L v B
K = 7
EENENENTT I
< SS131EE g
| ) 8
EDGE OF HOLES iHa.es-/;o 2 IRILL PR A
NUST BE SHARP DRILL § DEEP TOROINT DO NOT )
BUr FREE rrom DAL THRU. FINSH WITH VERY 2 HoLLs Woge D LLATER 7O |
BUARS, BUNT END DRILL. § ST FIPE 536 TAP-USE BOTTOMNGIR.  ~2-HOLES NO-38 DRILL
AR FINSH WiTH BOTOm; TAR J n DEEP T PONT: DO
€ 3. 4 NOT DRUL THRY, 5%
TAR USE BOTTOMING TR
I . ~— |HOLE T ,
§1 . NO-60 ZRILL THRu. [N/ W oLE
i - @ vl V) MO 53 DRILL
&HOLES '/,

“ : CTION-4-4 MO S3DRUL
*‘ FHOLE- MO 65 !
/ RiLL THRY.
PACKING QLAND. SECTION B -5

|TEST VALVE ~ASSEMBLY

8l/1B-4
7 [STRING PACIING (ASBESTOS & GRAPHITE)
6 |14 |53 %16 |BRASS SCROAS
517 [Je7a L x| BRASS
47 L06S Dikrjial COPPER WIRE.
DRILL 4 TAP FOR
§ommpe Fsh 45|13 (6 |A-2-2 THERMOCOUPLE ASSEMBLY.
Q¥ OTHER FITTINGS. X
BE Ty AsZePTH | | | 7 1N0326n ASS COVERE.
FOR MAKNG TIHT [ Wol__ SIZE DESCRIPTION
JONT 1S UMITED, |¥OJR T T

DEPT OF HECHANICAL ENGNEERNG)
UNIVERSITY OF MICHIGAN

INSTRUMENTATION - VALV
LAAWING NUVEER

B-9

DATE|-6-5/
RAWN BY- DONALD B MACKAY

Fig. 3




Th

M0 32 GAKE QUASS COVERED | { cneen e 3
IRON CONSTANTAN THERMOCOUPLE, WATER Frow WC}—»\ {siome mure -CONPRESSED AR+100RS
o,
WATER DISCHARGED IN HORIZONTAL T BYRASS VALVE f GLORE

} 1
FLAT SPRAY SEE DRAWING N0 f-1-§— | ] ;
. o PRESSURE GAGE— ‘ » BYPASS VALVE- }IN GLOBE
dovsmmess Vi 220010 AC. TRANSFORMER Y] A j '
"ERL TUSE - Louprrssoy g ‘ . R = -
_smeL WPE TO THERMOCORLE 1CE BATH, [ | | . ,
BEAR, W e e s B | Lowms e
W D ' THROTTLE WALVE -
b i | e
YANK THZRIMOCOUPLE 7" 5
WERE PRES!/VT.: “ CONNECTION SWITCHES A P CALIBRATED 1 :
DETAL A ‘ WK |
- WATER THERMOCOURLES L ‘
COMNECTIONS SALE > | AR VENT -
TE: 0.1 T
MOTE, | e [T 70 UTSIDE
1. THERMOCOURLE AT STATION il b s |
WAS MADE SINILAR TO e <= > 7 ' Guome e
ABOVE EXCEPT IT WAS  WALL THERWOCORLE g7 6/ 5'\ l\ i 2'\‘ ./ 4
BENT SO THAT IT FACD  CONNECTIONS :7 \,/ ’ }/ s SAFTY GLASS | >~ TANK THERMOCOUPLES -
UP STREAM AND IN THE Ny \% | T i winoow = SEE DETAIL 4"
APPROX CINTER OF PIPE, PRESSURE GAUGE: (" ) — .&L
, STEAM SEAL—— { g N . h—namsms INSULATION 3",
QD COPPER TUBE ' 24l 0
TWEEN STEAM SEAL & VALVE ~» [
DISCHARGE CONTROL ]
VALVE I AMGLE — ~BIPASS VA - -l ALE
/5 DRAIN LINE— —GATE aLvE-2"

/p AT, —TERMINAL STRIPS F
wﬁ&s%ﬁ»f}:‘wﬁa‘wm\ THEamoCh R RS, WolNAeD

CBTAINED AT EACH STATIO \’” TEST VALVE
SEENOTES - .

PROTECTION BOX

FOR THERMO COURLES, \‘TEST VALIE o

SEE DRAWING NO, B8

#
I§VENT TO OUTSIDE

WATER TO |
UPPER TANK-7 .

/ K-—.Sf:nm T .

STORAGE '
TANK . rjx DEPT OF MECHANICAL ENGNEERING

| UNVERSITY OF MICHIGAN:
I e SCHEMATIC  LAYOUT

\/r——"m - o |_OF TEST EQUIPHENT
(SIMI%EX ggUEU:' ACTING)  [BATE-4-2-51 ' DAAWING MBER|

DRAWN BY- DONALL B MACKAY B‘ 6 ‘

Fg. 40




$
=
Q
g
Q,
o
]
o'
(<5
~
1]
2 e
=
A
P
3
®
[+
$
(o}
-y
«©
=




Plate 2
Instrumentation Details




(0]
>
o
|
w B
0

©
.MT
Q

=
PO
=
=
]
(1]
/]
0
i
o




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:

l. Corrections shown in FPige. 41 to 46, which were obtalned
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).

3e 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 dimemsions toc 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 0.050".
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 fluld were taken from the steam
tables in reference 8, TIn 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 tabdles,

of Leeds and Northrup Company (reference
brated by f1lling it with water at 65°F.
before and after a quantity of water was
drawn off was weighed. This process was

and it was found that lowering the level

14). The tank was cali-
and reading the level
removed. The amount
repeated several times

of the tank by one foot

removed an average of 296.3 lbs. of water. This value was cor-

rected to test conditions by multiplylng

was derived and applied as follows:

1t by a factor F which

l. The sapecific volume of water varles with temperature, and an

approximate factor F! taking thils fact into account would be,

v
685
F'-
Veo

where Voo is the specific volume of saturated water at station

2 and Vegg is the specific volume at

55°F.

2. Due to presaure the dlameter of the tank increases. TUsing

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 psi was found to be

equal to 0.0176 percent.

For other pressures the factor F'! would be,

|
Py

F'' = 0.000176
115

where P' 1s the gauge pressure psi in the tank under test

2
conditions.
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Z, The thermal expansion of the metal would increase the dia-
meter of the tank. TUsing a coefficient of expansion of
Ee3 X 10"6 and a temperature increase of SOOOF. the weight
increase was found to be 0.378 percent. A factor F''' due

to thermal expansion would be

-5
Frvy = 0,00378 £oo2
where t 1s 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 factorse.

Calling the over-all factor F, its value may be written,
F-Fl +F|' *F'I!

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 applled.

The computatlion of the water flow, W, through the valve 1n

lbs./sec. would therefore be,

- 966.3 X F x difference in water level
w I35 x 60 x duration of test In minutes

or

difference in water level
W = 0.412 F x duration ol test In minutes

The volume flow was computed by converting the welght flow to

a volume flowe.
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The static head between the stations 2 and 3 in feet of

inlet fluild was computed by using the following formula:
HAh = (P2 - PS) X v, X 144

where P_ 1s the absclute pressure at station 2, psia.
= is the absclute pressure at station 3, psia.
is the specific volume of water at station 2, cu.ft./1b.

The inlet velocity head was determined by the use of Fig.
47. This figure was plotted by using Equation (2), page 5.
The 1n1et velocity was computed from the physical dimensions of
the valve at station 2 and the volume of the fluld flowing past
this point.

The slope m for Equationg (8) and (9) were determined for
each line shown Fig. 15, by arbitrarlly 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 me.

The flow coefficient eb

was determined for each set of data
by first selecting an approximate mid-point on each of the lines
shown Fige 15. At this point the values of Q and Aﬁht were read
on the graph. These values along with the value of m obtaineqd -
above were substituted into Equation (8) and the value of eb
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
A, 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
Fige. 48 to 51. 1In using these graphs the flow through the valve
restriction was considered to be isentroplc. The 1lnlet condition
was located on the saturated liquid line and then by following
down the line of constant entropy tc the discharge presaure, the
jdeal density was read directly from the graph. By a somewhat
similar process thé temperature corresponding to the effectlve
density was determined. The effective density for any glven teat
was determined from Equation (20). By starting from the inlet
condition located on the saturated liquid line and followilng

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 saturatlion curve the
temperaturé of the mixture was read. These temperatures were

plotted on Fig. 25 to 31 for the iIndlcated tests.
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APFENDIX II

The data taken during the tests as well as the major part
of ¢omputed 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.
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96
. Test Number 1 Date 3.6.51

Valve Opening (1lift)-- + 30 Inches.
Duration of Test ----- e e _ Minutes.
Water Level Difference 5 Inches.

Data at
Stations
Absclute ‘
P Q. sla.
aturation
Temperature °F.
Water Temp.

271.
Measured °s'.
wall

Ieaperature °F. mj: 7.

ngpgéod Resuits. o
ank Calibration Correction Factor - F. —eccceccae-

7 a

42,9

0.932
3pecific volume of inlet water cu.ft./lb., --—--e-- 0.01728
Water flow lbe./sec. --~--- crrrece e e e —a 2.085
water flow ou.ft./min. (neasured at tnlet) ---—---- 2.16
Pressure drop (P2 - Px). 1bs./eq.in. ----- e 4.7
Static head between sta. 2 & 3, ft. of inlet fluld 11.€
Head due to inlet velocity (ft. of inlet fluid) - 0.7

Total head available (sta. 2 to 3), ft. of filuld 12.3

Test Number 2 Date 3-6-51

Valve Opening (1ift)-- O Inches.
Duration of teat ----- . Minutes.
Water [evel Difference Inches.
Data at

%3%99; FK 2 3 4 S | 6 7 8
Absolute .
Prepsure, raia. 48 44.QP_ﬁﬁgsL&5,3 44 7 42,

Saturation

s;!gggitugg *F. -127 Ezz.ﬁ 274,812
ater ong. ¥ 223
%gifgggg, F. 81.71281,72 ) 2

‘ .

ature °F.|260.20281.71278.5| 278 5l280,2]

%unE Ca%tbration Correction Factor - F. ~-ec-vae--

Specific volume of inlet water cu.ft./lb. ---ee--

Water flow 1b8./80€. --c-ccmcmcccccacana-n —em—a-

Water flow cu.ft./min. (measured at inlet) --e--- 2.31
Pressure drop (P - Pz). lbs./8q. 1n. -=-=-- ————— 4,
Static head between eta. 2 & 3, ft. of inlet fluia 11.6
Head due to inlet velocity (ft. of inlet fluld)-- 0.8

Total head available (sta. 2 to 3), ft. of fluid ~12.%
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Test Number o] Date -9-51

Valve Opening (1ift)-- 0.1115 Inches.
Duration of Test ——w--- < Finutes.

Water Level Difference Inches.

Data at

3tations / . 2 3 4 ] 6 7 8
Absolute

Pressure, psia. | 85.4 67,
aturation

Tenperature °§. 316.8 200
Water Temp.

Meaaured °i. 15.8
Wall
Temperature °*¥F. 515.1

Computed Results.

Tank Calibration Correction Factor - F. --eeea -——- 0,915
Specific volume of inlet water cu.ft./1b. --ee--- 0.01761
Water flow lbs./sec. ----- cmecm—- cmcecocmc e ————

Water flow cu.ft./min.(measured at inlet) ----- -

Pressure drop (P2 - Px). 1bs./8q.1D. -=~=-=- S |

Static head between sta. 2 & 3, ft. of inlet fluia T,

4
Head due to inlet velocity (ft. of inlet fluid) - %.Q
Total head available (sta. 2 to 3), ft. of rluld 48,7

Test Number 4 Date _3-9-53
Valve Opening (lift)-- 0.1115 Inches.

Duration of test -w~-- . Minutes.

Water Level Difference 18 Inches.

Data at :
Statiops / 2 |3 |14 |5 |16 | 7| &
Absolute

Pressure, psia.| 68 GG-Q 53.4

Laturation

Water Eomp. éE‘
A\aeaigrag .f‘o. 300 300 ° 90 .2-
a

Temperature °F, 256. 298.*86.5

Computed Resulis.

Tank Calibration Correction Factor - F, -c-cecnu-- 0,922
Specific volume Of inlet water cu.ft./lb, -==~==a {
Water flow cu.ft./min. (measured at inlet) --w--= 2,20

Pressure drop (P2 - Px). 1bs./8q. IRty -~-cmeececca- :%E;;F:::
Static head between sta. 2 & 3, ft. of inlet flud ol
Head due to inlet velocity (ft. of {nlet fluid)~-- (o
Total head aveilable (sta. 2 to 3), ft. of rluid .
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Teat Number 5 Date 3_10- 5]
Valve Opening &litt)--.Q‘lliﬁ_ Inches.
Duration of Test ----- .&%5 Minutes.
Water Level Difference 1 Inches.
Data at H ; ;
Absclute . .
Saturation .
Tenperature °F. 316.7B317.5|304.9305.3{306.0 304.5 304.6
Water Temp. ’
Measured °“r. 317-ﬂ317-7 311.4306.8B05.3 305-5505-2 BOSia
walil ‘
Temperature °F, 16 |307 307 b07 307 pO7_ 306 |
Computed Results.
Tank Calibration Correction Factor - F. ~cececcea- Q.912
Specific volume of inlet water cu.ft./lb. ~~-ce-= Q.01768
Water flow 1be./80C. ~-c-cccrmcem e ecmccmcaeae
Water flow cu.ft./min. (measured at iniet) ------- 2,2
Pressure drop (P - Px). lus./eq.in. ~--eemceuana 14,
Statlc head between ana. 2 & 3, ft. of inlet fluidz3é6,
Head due to inlet velocity (ft. of inlet fliuid) -
Total head availlable (sta. 2 to 3), ft. of fluid 37.7
Test Number 6 Date _3-10-S1
Valve Upenling (11ift)-- _0.1l1l1l5 Ilnchss.
Duration of teat -=--- . Minutes.
Water lLevel Lifference 15 Inches.
Tata at
Stations /- 2 3 <4 S & 7 8
Absclute
Pressure, prsia. | 68.2|68.0/56.8 { 57.6] 58.9 57.3% 86.9
JaturaLIon '

erature *r. 501.2]300.8289.0R90.0(290.8289.7 289,
Natcr omg !
Measgure & 30003 3010 29508 Sl, 2 90,5 290, 2%..0.
Walf
lemperature °F. 300.3290.0p91.0 ]230. 1.31290,
Computed Reaults. -
Tank Calibratlon Correctlon Factor - F. --------- —0.921
Specific volume of inlet water cu.ft./lb, —=-cec---
Water flow lbs./8€C. we-cceocmmm .. 1-932
Water flow cu.ft./min. (measured at inlet) ------ 2.0
Pressure drop (P2 - Px). lbs./#qQ. in. ----ce-e--- ll.<
Static head between sta. 2 & %, ft. of inlet fluid 8.1
Head due to inlet veloclty (ft. of inlet fluid)-- .

Total head svallable (sta. 2 to 3), ft. of fiuld <€C.7




Test Number 7 Date _ 3-9-51
Valve Opening (1ift)-- 0.1115 Inches. |
Duration of Test ----- o Minutes.

water Level Difference Inches.

Data at T - ' |

Stations / 4 3 4 35 6 7 8

Absolute
Presgure, psia. {85.5] 86.2| 77.2
Saturation

Temperature °F. |316.1317.5p095.7
water Temp.

Measured °r. 315.C315.3E12.0
wall
Temperature °F. |312.0315.0p10.0

Computed Results.
Tank Calibration Correction Factor - F. ----=ce=-
Specific volume of inlet water cu.ft./lb.
water flow 1lbs./88C. --~-=-ececccccenccccnnmomnna—
water flow cu.ft./min.(measured at inlet)
Pressure drop (P2 - P3). lbs./8g.in. ~==-= R

Statlc nead between sta. 2 & 3, ft. of inlet fluid_ 2

Head due to inlet velocity (ft. of inlet fluld) - Q.5
Total head available (sta. 2 to 3), ft. of fluid 23,2

Test Number 8 Date 35-9-51

valve opening (1ift)-- O.11l1l5 Inches.
Juration of teat -==-- 2.728 Minutes.
Water Level Difference 10 Inches.

Fratione J2]s]alslel7]e
Absolute '

Pressure, pela.| 5.5 87.2 81.4 81.4{82.8}] 82.3 81.4]
saturation :

Temgor%burc °r. |316.7318.2/213.4|313.4[314.4 314, B13.4]
vater Tenmp. |

i\iea§ured K. 314.8314.8] 314.Q313.5513.2]31 1 313.0.
a

Computed Reaults.

Tank Callbration Correction Factor - F, =-==--=-- 0.915
Specific volume of inlet water cu.ft.,/lb. -=-----= _0.0176Q
Water flow 1lb8./86C. ----c-emem-cccmcececmamnoo=~ 1.381
Water flow cu.ft./min. (measured at inlet) ------ .
Fressure drop (P2 - P3). l1bs./8q. in. =--=-- cmm—— .

Statie head between eta. 2 & 3, ft. of inlst f1u1614.§
Head due to inlet veloclity (ft. of inlet fluid)-- .
Total head available (sta. 2 to 3), ft. of fluida ~I5:0
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Test Number _ 9 Date 3.9.51
Valve Opening (1lift)-- 0.1115 Inches.

Duration of Test ----- @ Minutes.

water lLevel Difference Inches.

Data at

Stations 3 4 S 6 7 8
Absolute i ‘
Pressure, psia, : 61.9] 63.0] 64.3]| 62.5 62.4
Saturation ; ,

Temperature °F. 294.6]295. 295.
water Tenp. ,

Measured °i. 300 .3296. 5 : 22§ga
wall

Temperature °F. 296.8]296.8 298,01296 &
Computed Results.

Tank Calibration Correction Factor - F. -cee-- -~- _0,921
Specific volume of inlet water cu.ft./lb. ---e--.

water flow lbe./8@8C. -~cccccccaccccamccececcaaa %:gi%
Water flow cu.ft./min.(measured at inliet) -------

Pressure drop (P2 - Px). lbs./sq.in. ----- c——eeea gsg
Statlc head between sta. 2 & 3, ft. of inlet fluid

Head due to inlet velocity (ft. of inlet fluid) - 2‘2
Total head avallable (sta. 2 to 3), ft. of fluid 1 R

Test Number 10O Date _3-10-51
valve Jpening (ilft)-- 0.1115 1nches.

Duration of tegt ----- 3.80% Minutes.

Water Level Difference . 21 Inches.

g::‘:_l:;a / 2 | 3 4 5 e | » |
Abdclute ’

Pressure, rsia. | 68.2/ 68.1f 54.9 55-4L__§6.6 55.3 4,
saturation OJ

Temperature °F. |317.4/317.3]|287.0087.7]289.0l287.5] 286,
water Temp.

heasured EF‘. 301.5£01.8 29_3:C£88A.§ 287.&?8].012%.8 285.
W:%T——_tl‘ .
Temperature °F. 00.3 288.&88.8 288, 288.4£88.4

Computed Results.
Tank Callbration Correction Factor - F. -----=--= _  0.921

Specific volume Of inlet water cu.ft./lb. -=w-e-- 7
Water flow lbs./seC. -~--—ccemmcccaaa cwemcnmcman—— 2.0%
Water flow cu.ft./min. (measured at inlet) -e~e--- .
Pressure drop (P2 - Pz). lbs./eq. in. ----- coena .

Static head between sta. 2 & 3, ft. of inlet fluld_ 33+2.
Head due to inlet velocity (ft. of inlet fluid)-- U7
lotal nead available (sta. 2 to 3), ft. of fluid 339
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Test Number 1l Date 3-9-5]
valve Opening (lift)-- 0.1115 Inches.

Duration of Test ----- . inutes.

water Level Difference inches.

Data at T il 1 I
o sure | 85.5 87.2| 81.2| 81.4 8 8 8
Pressure, rsia. -5 87. 1.2] 81. 3% .3 2.3 l.4
Saturation

Temperature °F. 316.5@18.2 313.31314.3814.81314. 313.4
water Temr[. T
Messured °r. 313 313 {313 1 313 1% 313 {313
wali

Temperature °F. 12.0{31L7i15311.7 311J231lxﬂ3llg1“3l14ﬂ
Computed Resuiltis.

Tank Calibration cCorrection Factor - F. --==-==- -~- 0.917
Specific volume of inlet water cu.ft./ib. ------- 0.01758
water flow 1lbe./8@C., --e----ccecmcmccecennncana— 1.463
water flow cu.ft./min.(measured at inlet) ---~--- 1.54%
Fressure drop (P2 - Pz). 1lbs./8G.1ln. ---v-e=e----- 6.0
Statlc nead between sta. 2 & 3, ft. of inlet fluld_1%,2
Head due L0 inlet velocity {(ft. of inlet fluid) - 0.3

Total head available (sta. 2 to 3), ft. of fluid 15.5

Test Number 1< Date _4-21-51

Valve Jrening (lift)-- 0.1115 1Inches.
uration of tesgt ~---- §.296 Minutes.
Water Level [Afference By, idnches.

B T
mEe 1 lz(s]a]s]el-]s
~bsolute
Pressure, ~ela.| 66.9/66.8
Saturation . 299.8l299. 7
Temperature _=«. . .

vater Temd.
mesnsured °s. 299.31299.3
nall
Temrerature °r. |[296.5 257.9293.

Computed Resultis.

arik Czlibration cCorrection Factor - F. --------- 21
Specific volume of inlet water cu.ft./lo. ---=---- «Q1l
dater flow lba,/8€¢. ~c-cccemmceccccmeemc e s e - 1.501
Water flow cu.ft./min. (neasured at inlet) ---~--- .
fressure drop (P2 - PB)‘ ivs./8q. in. ------- - Oe.c
Static head between sta. 2 & 3, ft. of inlet fluid 15,5
Head due to inlet velocity (ft. of inlet fluld)--__ 0.4

Total head avallable (sta. 2 to 3), ft. of fluld 15.9
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Test Number 13 Date _4-20-51
Valve Opening (lift)-- 0.1l115 Inches.

Duration of Test -=---- e Minutes.

water Level Differerce inches.

Data at - . T ]
Statione ; /a2 3 4 5 € 7 8
Absolute

Saturation
Terperature °F. 340.4{23S.4316.3 317-13171§E16-3 316.4931

Water Temrp. ;
Measured °r. 39.31339.3320.5|317.8/317.8517.0/316.9316.4
Temperature °F. $37.01332.4315.7 1957319-0E17-4 316.61315,8

wall
Comruted Results.

Pressure, psia. ‘118 511174 84.9185.9] 85.71 84.9{ 84.8: 84,
5

Tank Calibration Correction Factor - F. --=-=--- -- _0.903
Specific volume of inlet water cu.ft./lb. -------
Water flow 1be./8€C. ~--ccccccacmcnccecnacncaana- 3,22
Water flow cu.ft./min.(zeasured at iniet) ------- 4

2

Pressure drop (Pp - P3). lul /8q.-4n. -cemema-aa-- g .g
Static nead between sta. s 3, ft. of 1nlet fliuld &3,

Head due to 1inlet voloclty (rn. of inlet fluld) - 1.7
‘Total head available (ata. 2 to 3), ft. of fluid 5,3

Test Number __l& Date 4-21-51
valve crening (lift)-- O0.1115 Inches.

Juration of test =----- s OCD Minutes.

Water iLevel Lifference el inches.

Tata at , T . _ T
Stations ! - b 4 > b 7 8-_1
Abévlute

Fressure, rsla. | 49.2] 48.7 36.1| 36.9| 36.6|36.6} 37.2 37.6
Taturation
Temperaiure 'F,EBO.B 279.2261.41262.5262.0|261 6 26}}0?6341
iatcr Lomp.

Wil; I
Temperature 73.0275.5R64.0]|264.0R64.5]264 . 4263 .0062.

Comruted Results.

Tank Calibration Correction Factor - F. ~--=------ 0.935
Speczific volume Oof inlet w~ater cu. ft. /1. ====e==- 0.01722
water flcw 1lbs./8€C. --c--cccmcrmcmc e e c—e= 2.11
Nater flow cu.ft./min. (reasured at inlet) ------ 2.18
Pressure drop (P2 - Px). lbs./.q. AN, —~ec—cemman- 12.5

Static head between eta. 2 & 3, ft. of irlet fluldxz]l,]
Head due to inlet velocltiy (ft. of inlet fluld)-- Q,g
Total head avallable (sta. 2 to 3), ft. of fiuld 31.
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Teat Number 15 Date _4-21-5]
Valve Cpening (1lift)-- _0.1115 Inches.

Duration of Test —----= o Minutes.

Water Level Difference Inches,

Data at i ’ ; :
Stations ; / 2 b 3 4 5 e 7 8 |
Absolute

i

Pressure, psia. 118.41117.3 89.6] 904
Zaturation

epperature °F. 340.2 .6%219.81320.7T

ater Temp.

Mezsured °r. 2 41.01341.0326.2] 321 8
wa.l

Temperature °F.k37.8 341.3}24,9 324 0O

Computed Resuits.

Tank Ca.ibration correctlon Factor - F. ~--cce-e- 0.903
Specific volume of inlet water cu.ft./ilb. ------- 0.01787
water flow 1lb8./80C. ~-~~-vcececccmmrcccnmceae—a— 2.97
Water flow cu.ft./min.(neasured at inlet) ------- %,185
Fressure drop (Pp - P3). lus./eq.in. --==-=e------

Static nead petween sta. 2 & 3, ft. of inlet fluild_T7Tl,3
Head due to inlet velocity (ft. of inlet fluid) -

Total head avallable (sta. 2 to %), ft. of fluid za,‘g

Test Number _ 16 Date %-21-51
valve urening (lift)-- C.1lll5 Ilnches.

ouration of teat =--~-- Minutes.
Water Level Lifference 20 Ilnches.

Data at , |
Statdicone I ! 2 4 l 5 & 4 8
abavlute l

Fressure, vela. |118.4117.3{ 94.2; 94.5 95.0
Jaturation
Temperature °r. |340. .6323.6 1323 . 7p24.2]:
WALer lemp.

neasured °*&. 341.0341. 2
waitr
Temrerature °f. . 0.1B26. 2 £.5

Computeg Reasults.
Tank Czllbration Carrectlon Factor - F. ~----=-=--
Lpecific volume of inlet water cu.ft./1b.
water flow lbs./8@C. -~--cceemecoccmmmmc e e

1)

Water flow cu.ft./min. (measured at inlet) ------ 2.
fressure drop (P2 - Px). lbe./8Q. 1n. —~-—=-cecec-w- .
Static head between eta. 2 & %, ft. of inlet fluid>9.
Head due to inlet velocity (ft. of inlet fluld)-- .

Total nead avallable (sta. 2 to 3), ft. of flulad .
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Teat Number 17 Date 4-21-51
valve Opening (1ift)-- C.1l11l5 Inches.
Duration of Test ----=- o ¥inutea.

Water Level Jifference 16.5 Inchea.

Data at R
3tations / 2 3 4 S =3 7 8

Absolute i 3

fressure, rala,  114.3113.E 95.0| 95.2 95.5| 957! $6.0! QS.L
Taturation

337 4337.2324.2 324<4§24 51324 .6324,.7524.,

pe:

Temperature °F.
water Temp.
Measured °r.
Nall
Teaperature °F.

...-..._0.-—...' e e e -

3
i3

6]
36.3336.3328.7|324. ¢4 8|324.8324,5p24.8
32. 336.;g24-8 324, 0&24 Q 326_,7<:2_3,i24.o.4

Cozruted Resuits.

Tank Calibration correctlorn Factor - F. --c-cee-- 0.903
Specific volume of inlet water cu.ft./ic. ------- 0.017&2
water flow lb8./8@C. =~~~~=mc-mcmcmem e dcee e memo - 2.50
Water flow cu.ft./min.(zeasured at 1lnlet) ------- 2.67
Fressure drop (P2 - Px). lus./8g.in. ---c-e--o--o 18.
Statlc rhead between sta. 2 =« 3, ftL. of 1niet f.uld 5]
Head due to 1lnlet veloclty (ft. of inlet fluid) - 1.0
l'otal head avalilable (sta. € to 3), ft. of f.uid _49.3
Test Number 18 Cate 4-21-51
valve Jrening (lift)-- O0.1115 inches.
suration of test ----- E.l%l Minutes.
Water iLevel Ulfference 1 Inches.

. .
E.;iiﬁa / - i “ S € 7 e
Absclute
Fressure, rela. (118.3118.3!114.1114.81115.6 14.71114,
saturatlon

Tamperature .

nater .omp.
\easured *r.
wal

Tempergture °F.

gomruted Reaults.

Tank -zlloration _orrecilion Factor - Fe =----==--= 0.903
Srecific volume of inlet water cu.ft./ilu. ------- Q.0178€
Nater flow lbs./sec. ---ccccmccaoa---- emmmm——m— 1,249
Nater flow# cu.ft./min. (measured at iniel) ------ 1.337
Fressure drop (P2 - P=). o8, /8. 1lh. ~-—-mceee——= 4.1
Static head between sta. 2 = 2, Ft. = iniet fluld 10.6
Head due to inlet velodciiy (ft. of inlet fluld)-- Ue)
Iotal nead avallable (sta. 2 t2 3), ft. of fiuld 10.Y




105

Test Number _ 19 ) Date _4.12_51

Valve Opening (11ft)-- 0,1465 Inches.
Duration of Test ----- 2.C70 Minutes.

Water Level Difference __ 20 Inches.

Data at N I ) : =
3tations ; / 2 3 4 > 6 7 a8 g
Absolute ' 1

53 X

Saturation
Temperature "F. 12
water Temy.
Measured °ro. 2
waili
Temperature °F. 12355,

Computed Resuits.

Preasure, psia. : 66.5 66.1] 52.9] 52.% 53,0} s52.8 53,

fanx Calibration Correciion Factor - F. -~-=-- --- 0.921
Specific voiume of inlet water cu.ft./lb. ------- Q.01744
Water flow 1bs./8€C. ~-cmccececmcrenccecccacccaaa- .55
water flow cu.ft./min. (n.&lurod at inlet) ----- - 2,665
Pressure drop (Pz - P3). lb. /83.18. -—=me-me—eaca 1%.2
Static head betlween sta. 2 3, ft. of inlet fluld 3}.g

Hdead due Lo iniet vclocity (rn. of inlet fluid) -
Total head avallable (2ta. 2 to 3), ft. of fliuild }5.2

Test Number 20 Date 4-12;51

valve Cvenlng (11ft)-- 0.1465 1inches.
suratlion of tesgt ----- T.a471 Minutes.
waler Leveli Uifference el Inches.

Jata at T "
3aticns b 2 | i i
abaclute i

Ereasure, rela.; 66.5/ 66.1 55.7 55.8

Saturzoion 255.6| 299.4287. 7@87 8
Temperaiure °f, leyy.
sater Leml.

;-,eagu;od °F. 300.2] 294.8 291.0E89 9
wall N i
Temoerature °F. |293.5] 300.9286.386.3

Compzuted Reaulits. ‘

Tank Callibration Correction Fagtor - F, ~~=-=-==-- 0.921
srecific volume of inletl water cu.ft./ib. ~==e=-- 0.01738
Nater flow lbs./sec. --cceccmmcmmcccaaa-- o= 2.255
water flow cu.ft./min. (oeasured at iniet) ------ .29
fressure 4arsp (P2 - P})' lbs./eq. in. ---=--- crcm~

Static nead Setween 8ta. 2 & %, ft. of inlet fluid 6.1
Head due Lo inlet velocity (ft. of inlet fluid)-- %,8
Total head avallsble (sta. 2 to 3}, ft. of fluld 9
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Test Number <1 Date 4-12-51

Valve Cpening (lift)-- 0.1465 lnches.
Duration of Test ----- 2.825 ¥inutes.

Nater lLevel Difference 1 Inches.

Data a3l : ; ,
Jtatlions ¢ / 2 3 4 o é 4 S
absolute ?
Preesure, rsla., . 66.0/ 66.1 59&53)';1 €0. ] 60.1 60Q.

Saturation
Temrerciture °rF. 1259.01299.2! 252.3292.9 292 .94292.4292.9] 293

water 7enr. i
§300.2300.5 296-0[294.4 293.4293.9“293.3 293

]

Measured °:r.

Neli a

Temperature °7. 298.3300,2 294.4294.4 295&;235&2295*5MN“
Coamruted nesults.

Tank Callibration correction factor - F. ------=- -- Q0,921
Specific volume of inlet water cu.ft./ib. ~--=---- 44
water flow 1be./89C, =-ccccccccemmeccmcc e e

water flow cu.ft./min.(neasured at inlet) ------- B
Pressure drop (P2 - P3). lus./8G.1ln. -==-we------ C
Statlc head between sta. 2 & 2, ft. of inlet fluld_1

Head due to inlet velocity (ft. of inlet fluid) - 0.6

Total nead available (sta. 2 to 3), ft. of fluld 17.1

Test Number 22 Date _4-12-81

valve Jrening (lift)-- O0.1465 1Inches.
uration of test ----- 3.91 Minutea.

Water Level Difference 15 Inches.

Data at ‘ .
=

Stations ~ / a2 < < 5 & 7 =)

abaslute

freszure, rela.| 66.5] 66.2 62.7 €2.9
saturation

Temger%turo *7. 1299.6259.2| 295 5[295.8
water Temp. O}E .
Leagured °r. 2958.0R98.0} 256.8|296.0

Wall OL
Temrerature °F. |206.0E33.5]/295.7295.7

Comruted Results,

Tank calioration Correctlon Factor - F. -----=--- ~0.92)
Specific volume of inlet water cu.ft./lb, ------- 0.01742
Nater fiow lbs./sec. ----ceovec-- S S ———
Water flow cu.ft./min. (measured at inlet) ------
ressure drop (P2 - Px). lbe./8Q. 1N, -—-==cecec-=-
Statie head between sta. 2 % 2, ft. of inlet fluld
Head due to inlet velocity (ft. of inlet fluid)--
Total head avallable (sta. 2 to 3), ft. of fluld
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Teat Nunmber 3 Date _4.12-51
Valve Cpening (l1ift)-- Q,]iﬁs Inches.

uration of Test ----- 2,838 Minutes.

vater iLevel Difference 28 inches.

Data at * ' T :
S>taitions - 4 S e 7 i 8

o

Absclute

Pressure, rasia. §§§,5
s

aturation

lexreraiure °: .6 28

water TemyT. i

Mezaured °r. 298.6296. 2.0l 28€

WELl i

Texmrersiure °7. 1267.61257.6E8

coxruied Resuitis.

lank CTallibration Correctiiorn Factor - F, —ccececcae- 0.521
Speciflic vo.iume of inlet water cu.ft./it. =--==w-

dfater Tiow 10DO./8@C. ~-ccceccmmcm e e ccccccee e 2.47
#“ater flow cu.fi./zmin. (measured at in:et) ------- 2 _cfc
Fressure drorgp {PQ - Pz). los./853.1D, -~--cmmmmmeaao

Static read batween sva. 2 & 3, ft. of i1nlet fiuld_30n.9Q
Head due 10 inlet velocity (ft. of inlet fluiad) - 1.0

Total head available (sta. 2 to 3), ft. of fluild 21,8

Test HNumber 24 Date 4_12-8)
-valve . rening {(11ft)-- Q.1465 1Inches.

surstion of test ----- 2,657 Minutes.

water ievel Lifference 21l inchnes.

Data 8t H o

5tatd one / 2 S 4 5 & 2 =8

absoclute
freszure, reia. |86.0 5.7 6€6.1] 67.4} 68,4] 67.2] 67. 67
zaturation

Temreraiure °r. 13174i316.8259.0 . 1, Q0.5B00.
nalLer Jemp.

reasured ©:z. 316.@716.6§Q6.5 1 e 2]
nNal.
TezTerature °~. §;§£)§l6.6b01.2 o2

Scmruted Resulls.

Tank Calibration Correction Faotor - F. -----cc--- — 0.5
Specific volume of inlet water cu.ft./1D, -—=ec-ec-- —0.01761
Water flow lbes./sec. ---cccecaao Dt 2,98

Water flow cu.ft. /min. (measured at inlet) ------ .1
‘reseure dror (P2 - Fa). lbs./.q. in, ------ —c———- lé.g
Static head between ata. e & %, ft. of inlet fluliad

Head due to 1nlet.velocity (ft. of inlet fluid)-- l. ‘j

Total head available (ata. 2 to 3), ft. of fluid 51,
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Test Number __25 -  Date _4-12-51
Valve Opening (1ift)-- 0.1465 Inches. .
Duration of Test --~-= <=, Minutes. - ~

Water Level Difference E " Inchea.

Stations / 2 3 4 S 1.6 7 a8

Pressure, psila. 86 0] 85.& €0.3
sturation J’ ]
sg%porgggro *°5. | 317 4316.8p12.41

ater T.mg. )
¥ 316.84316.68315.0

all
Temperature °F. 31243315.§Elg.6

Cgmphgg%*&oggftg. .t
ank Calibration Correction Factor - P. ~~vcovccana.

‘Specific volume of inlet water ocu.ft./lb. «---=-=
Water flow 1bs./80C., «w-~-cecececneccccaccccnsvasa
Water flow cu.ft./min,(neasured at inlet) «--~-+-
~ Presaeure drop (Py < Pxy). 1bs./8Q.ille ~==ccecccecw’
‘Static head between sta. 2 & 3, ft. of inlet fluid_
Head due to0 inlet velocity (ft. of inlet fluid) - 4
Total head avallable (sta. 2 to 3), ft. of fluld 14.4

Measured

Test Number _ 26 | Date 4-12-51

‘Valve Opening (1lift)-- 0.1465 Inches.
Durastion of tegtl ~=mw-- 3-198 Minutes.
Water Level Difference __ 22 Inches.

Sitions HENENERIEN IS EN T
Absclute ' R

Pressure. peia.| 86.d 85.9 71.9! 72.5} 72.3) 72.7] 73.0]
w. °F, 317.4317.0804.6305. 3505 .2} 305. 4305.:6
ater lTemp. '

Heapured 3 4#316.6 316.6511.0 307.0806.3] 306. 06.3|
ngnorgtgso °F. 3154#315-8507-0.307.0b07.2 307-4;06.0

Com ed Resy ' '
Tank cCalibration Correction Factor - F. --=-cece-- 0.91

Specific volume of inlet water cu.ft./lb. -~-==--, .0
Water flow 1bl./léc. ----------- I L TR Bl et *
‘Water flow cu.ft./min. (measured at inlet) -<e<-- 2,725
Pressure drop (P2 - P3z). lbs./eq. in. ----- cvm—=-

Statiec head between sta. 2 & 3, ft, of inlet fluid_3s.5
Head due to inlet velocity (ft. of inlet fluld)--___ 1.1 _
Total head available (sta. 2 to 3), ft. of fluid _38.6 __
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Test Number 27 Date _4-12-51
Valve Opening (1lift)-- _0.1465 Inches.

Duration of Test ----- K Minutes.

Water Level Difference T Incbo..

Data at T .
Stations ! 2 3 s S 6 7 8
Absoliute

Pressure sia. ! 86.0
Saturation

Temperature °F. [317.4
water Tbmg. ‘
Measured °r'. %16.6
wall -
Tempersture °F. Pll.5

Comgutg% Results. o B
Tank Calibration Correction Factor - F. —-c-aa co- 0.91

Specific volume of inlet water cu.ft./lb. «c-=--a- 0.0 1
water flow 1lbs./8€C. ~-ccccceca--- S R
Water flow cu.ft./min.(measured at inlet) ----- -~a 1. %

Pressure drop (P2 - Px)., 1lbs./8q.i0. --cecec-wae-
Static nead between sta. 2 & 3, ft. of inlet fluid
Head due to inlet velocity (ft. of inlet fluid) -
Total head avallabdble (sta. 2 to 3), ft. of rluild

Test Number 28 Date _4-12-51
Valve Opening (lift)-- O.1l465 1nches. |

Duration of test —==-- <.55% Minutes.

Water Level Difference I5 inches.

ﬁita at )

Stations / 2 3 < Ko & 274 8
Abaolute

Pressure, psia. | 86.0| 85.9 76.0] 76.3] 76.5| 76.5] 769 710
§§1uratlsn ’ 309 ”

Temperature °F. P1l7.4}317.0{308.3] 308.71309.
Water %
306G. 309ﬂ5

emp.

‘\;eagureg ‘k‘. 1606 31606313.4 310 3090
a

Comruted Results. '

Tank Calibration Correction Factor - F. -----ccw-- 0.91
Specific volume of inlet water cu.ft./1b, ~=eccece- 0. 1761
Nater flow 1bs./s@C. ----ccccccauaa P - 215

- Water flow cu.ft./min. (measured at inlet, -~-=~-- .
Pressure dror (P2 - P3). lbs./e8q. 1N, ~=-we- cmcne .Y
Static head between sta. 2 & %, ft. of inlet fluia 2

Head due to inlet velocity (ft. of inlet fluid)-- _
Total head available (sta. 2 to 3), f£t. of fluld 26.1
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Test Mumber 29 Date 4-12-51

Valve Openming (1lift)-- O.1465 Inches.
Duration of Teat ceeee 3.210  Minutes.
Water Lavel Difference 15 Inches.

T .
22::1::. 1.l 2 3 4 5 & 7 a

Absolute - ' o
Praglur%, psia. ! 86.9 85.9 78.8 78.5{ 79.3}| 7
aturation

Temperature °F. |317.4517.0 31033310.8b11.5

ma—

ater Temp. Il
Measured °¥. 1316.6/316.6]314.01312.0 11.
wall

Temperature °F. |311.0PB11.5 311;4;11.0 _ | 31
Gggguégg Regults.

Tank Calibration Correction Factor - F. ------- -- .91
Specific volume of lnlet water cu.ft./1b., ~=-=--- 0.01
Water flow lbe./sec. ----- e tecmeece e - ——— -—- 1.
Water flow cu.ft./min.(measured at inlet) ------- 1.98%
Presaure drop (P - Fx). lbs./eq.in. ----=-<--- -—- .
3tatlc head between sta. 2 & 3, ft. of inlet fluid 1S.1
Head due to inlet velocity (ft. of inlet fluild) - 0.6

Total head avallable (ata. 2 to 3), ft. of fluid 18.7

Teat Number 3O Date 4-13-S1

Valve Cpening (1ift)-- Q.1416 Inches.
Oouration of teat ----- 511 Minutes.
Water LoveL Differsnce 25 inches.

'gntqigt' / 2 3 <4 s | 6 4 8
1‘;”%‘ olute e | 46.9] 463 37.337.7] 374 37.9]
Saturafzén 'éu.F77-1 27654263-3 63.6]263.4264.0
i‘EE’jE1??:_' 4%76.2 276.4276.3k65.5 264.5&64.2
r:ng!;dggro

°F, }?74-7 .2758[265.5l265.5 265.&67.2

v

Tank Calibration Correctlon Factor - Fo === :
Specific volume of inlet water cu.ft./1b. -=ce~=- __g&g;%gg
Water £10W 1D8:/88C. —r--e——~--=e==m=eem-cc=e==s- _2.09
Wwater flow cu.ft./min. (measured at inlet) ------ 2.10

Pressure arop (Pz - Ps). lbs./8q. in. ------ ————— I
Statie head between sta. 2 & 3, ft. of inlet fluid 2<
Head due to inlet velocity (ft. of inlet fluld)-- U
Total head available (sta. 2 to 3), ft. of fluld
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Test Number _ 31 | . Date _4-13-S51
Valve Opening (lltt)»Q 0.1465 Inches.

Duration of Test ----- 2.250  Minutes.

Water Level Difference 23 Inches.

Data at B ;

Stations ! (= 3 4 S

Apsolute

Pr sure ia. 116. 114. 88. 89.3 % 4
Jaturation 9&

Tompornturo °s. |338.71337.9819.2 319.ﬂ;20 5
Water omg E Gb
gg%nur-d r. 338.4338.6B26.71322.6519.7
all

Temperature °F. |332. 338-5L20-4 320.4 323.9

angutg% Results.
ank Calibration Correction Factor - F. cmcm——- -

Specific volume of inlet water cu.ft./lb. ---e---
vwater flow 1lbs./88C. --c-ccccrccmcmncracac e
Water flow cu.ft./min. (messured at inlet) -------
Pressure drop (P2 - Px). 1lbs./8q.in. -=---e---- --
Static head between sta. 2 %3, ft. of inlet rluid%
Head due to inlet velocity (tt. of inlet fluid) -

Total head available (sta, 2 to 3), ft. of filuld _G69.3

Test Number 32 : Date 4-13-51

Valve Opening (11ft)-- 0.1465 1pches.
Duration of tegt ----- 2.61 Minutes.
Water Level Difference Inches.

3ita at
Stations / 2 | s 4 L & ? | 8
Abao%ut. , .
P ela. |116.0h14.8 d oo 9
aaturacion

JeRperaLure "F.
ater Teap.

a

Iemperature °r.,

Compu 2 . ) -
ank Calibration Correction Factor - F. -c--w-e-- 0. o033
Specific volume of inlet water cu.ft./lb. <----c- _0.01784
Water flow lbs./sec. --—--- cececcctcmaamccnaca—a-

Water flow cu.ft./min. (measured at inlet) —-e-ea-

Fressure drop (P2 - Px). 1lbs./sq. in. ------ cm———

Statlc head between sta. 2 & 3, ft. of inlet fluid 55.5
Head due to inlet velocity (ft. of inlet fluld)-- «O
Total head avallable (sta. 2 to 3), ft. of fluid _S€.1
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Test Number _ 33 ‘ | , Date -13-

Valve Opening (1ift)-- 0.1465 Inches.
Duration of Test ««---e <. Minutes.
Water Level Difference Inches.

Data &t ' . ; T —
Stltion‘ I a 3 4 ..5 6 7 ‘e
Absolute
Ta.t.ura.uon oy a1 3

spperature o .
ater omg. ’22 'l
Measured “F. 337. A337 .8

Temperaturs °F. 4. o) 3 , 13278
Ggmpuggg Results. _

ank Calibration Correction Factor - F. --w--- o
Specific volume of inlet vater cu.ft./1ld. -~-c---
'at.r tlo' lb. ./‘.c. ----------- P AL OP AP g G S A A o A S
Water flow cu. ft./nln.(aoacurod at inlet) --cwas-
'Preasure drop (P2 - P3x). 1lbs./8qQ.in. ——ccecaccoc--

Static head between sta. 2 & 3, ft. of inlot fluid .
Head due to inlet velocity (ft. of inlet fluid) - 1,2
Total head avallable (sta. 2 to 3), ft. of fluid Eﬁ;! .

Test Number _ 34 ) Date _4-13-51
Valve Upening (lift)-- 0.1465 1Inches. |

Duration of tegt ~---- 2.485 Minutes.

Water Level' Difference __ 15 __ Inches.

Data at » ‘ - , ' '
Stations / 2 d 4 —d il e &
Absoluts '

Pressure, psala.
:aturatIon '
T erature °F. |3x7
water %omp.
deasured °F. 3
a

Temperature °F,

Computed Egagggg. .
Tank Caliibration Correction Factor - F. --------- ——0.90% _

Specific volume of inlet water cu.ft./lb. -=<----- —0.0178%
Water flow 1bs./seC. ~e-cmccce--o T LT TP 2,24
Water flow cu.ft./min. (measured at inlet) ------ .
Pressure drop (P2 - Pz). lbs./sq. in. ----- cmeeee 11,1

Static head between sta. 2 & 3, ft. of 1inlet fluid
Head due to inlet velocity (ft. of inlet fluild)--__ 0.8
Total head avallable (sta. 2 to 3), ft. of fluid 29.3
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Test Number _ 35 , Date 4-13-5]1 .
Valve Opening (lift)-- 0.1465 Inches.

Duration of Test ~-~-- o Minutes.

wWwater Level Difference Inches.

Pata at T

Stations / 2 3 4 3 6

Absoclute

Pregsure, psia. |114.0{113.8]109.71110.3010.2
aturation

Temperature °F. |337.8337.2
ater om?.

Measured °f. 336.3335.7 0

wall

Tempersature °F. {332.0 . 333.5[333.5
Compubg% Results.

ank Calibration Correction Factor - F. ~=----= -
Specific volume of inlet water cu.ft./lb. -------
Water flow 1lbe./80C., -~-~cccccccccnnnccca= cccme—as
Water flow cu.ft./min.(measured at inlet) -------
Fressure drop (Pp - P3). 1lbs./8q.1ln. -~evcee--c--- 1

Static head between sta. 2 & 3, ft. of inlet fluld ;ﬁ:ﬁ

Head due to inlet velocity (ft. of inlet fluid) -
Total head avallable (sta. 2 to 3), ft. of fluid 10.

Test Number _36 Date 4-14-51

Valve Jpening (11ft)-- O.146 Inches.
Duration of teat —-=---- . Minutea.
Water Level Difference Inches.

Data at i
Stationa / 2 2 4
4beolute 110.10108.9| 83.6 82424
Pressure, rsla. . . . .
Saturatlion
Temperature °z. {335.1334.01315.2{314.2
Water Lemp.

Meaiureg *F. 330.0830.0|322.
a

Temperature °F. |327.5p29.51315.8315.0

Computed Results.
Tank Calibration Correction Factor - F. «-cv-e---
Specific volume of inlet water cu.ft./lb. ~~--v--
Nater flow 1b8./88C. ~c-caccccccccmmmmncnccacaaa
Water flow cu.ft./min. (measured at inlet) --=----
Pressure drop (P2 - Px). lbs./8q. In. -—---ceaa--
Static head between sta. 2 & 3, ft. of inlet fluld
Head due to inlet velocity (ft. of inlet fluid)--
Total head available (sta. 2 to 3), ft. of rflulad 33 3
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Test Number 37 . Date _4-16-5]
Valve Opening (lift)-- 0.0745 Inches.

Duration of Test «-c== . Minutes.

Water Level Difference Inches.

Data at P

Stations ! 2 3 <4 > 6 7 8
Absoclute

Presgur sia. | 66.7 66.4] 45 44 .9 44 .81 44 .4
Eaturutgon

Temperature °F. |299.7299.3 275i3274-3L29o2 273.8274.
ater Tomg

Measured °s. 301.1301.3 277. 2476.2&15.5 275.51275.5
Wall -

Temperature °F. {299.4{301.3 2H.4271.0Ej{6.§_ 2

Computed Resuyits.
Tank Calibration Correction Factar - F. cocvcccnne-

Specific volume of inlet water cu.ft./lb. ~-c-o---
Water flow 1lbe./88C., ~--~-ccececccccccccnccceeeen
Water flow cu.ft./min. (measured at inlet) ----- --
Fressure drop (Pa - Px). 1bs./8G.iR. ==ccocmm-vaco
Static nead between sta. 2 & 3, ft. of inlet fluid Eg:g
Head due to inlet velocity (ft. of inlet fluia) - .
Total head avallable (sta. 2 to 3), f£t. of fiuld

Test Number _38 : Date 4-16-51
Valve Upening (lift)-- 00,0745 Inches.

buration of tegt -w--- },g&§ Minutes.

Water level Difference inches.

sﬁ“‘ abe : J 2 | 3 4 5 & > | o
K%nokutc 4 y )

Epgsur.. peia. 66.71 66.4} 4.1 49.47 48.9] 48.:§ 49.2 42&
>aturation
Temperature °F. 299.7p99.3|280 ole80.2{2798 279.%i80.1 280.
ater Temp.

5;e§§m.!g °r. 302.oj302.o 285.3(281.8/281.8282.0p81.8]281

Comruted Resultg,

Tank Calibration Correction Factor - F. ~----ec=-- 0.921
opecific volume of inlet water cu.ft./lb., ~e-=-e-- R
water flow 1lbs./8@C. ~c--cccmcccec e e e .
¥ater flow cu.ft./min. (measured at inlet) ---<-- 1.848
Pressure drop (P2 - Px). lbs./8Q. 1N, ==~ cmce-a- 17.3

Statie head between sta. 2 & X%, ft. of inlet rluid 53.5
Head due to inlet velocity (ft. of inlet fluid)--
Total head avallavle (sta. 2 to 3), ft. of fluid 55,]
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Test Number _ 39 , Date 4-16.51

Valve Opening (11ft)-- Q.QZ S Inches.
Duration of Testl ~-w-- },i 17 Minutes.
Water Level Difference 3 Inches.

Data at i : '
Stations / 2 3 4 ] & 7 f 8
Absolute

Pressure, rsia. ! 66.7] 66.4] 547 4 55.7 55.3| 559
Saturation

Temperature °fF. [299.7299.3} 287.71287 .38
water Tenmp. .

Measured °s. 301.8{301.3| 292. 83288
wall

Temperature °F. 289.41g;4}_2 2

Computed Results.

Tank Calibration Correctlion Factor - F. ------- -- 0.921
Specific volume of inlet water cu.ft./lb. ------- 0.0174%
Water flow 1bs./80C., -~cccemeramc e e cce e

Water flow cu.ft./min.(nmeasured at iniet) ------- 1.558
Pressure drop (P2 - Pz). lbe./8g.in. -——--------- 11.7
Statlic riead between cta. 2 &% 3, ft. of 1nlet fluld .
Head due to lnlet velocity (ft. of inlet fluld) - 0.4

Total head avallable (ata. 2 to 3), ft. of fluid 27 .7

Test Number 40 Date 4-18-8]

valve JUpening (lift)-- 0.0745 Inches.
Juration of teat ----- 15 Minutes.

Water level Difference 14 lnches.

Oatas at

Taie At / NERENEREEESEN
nbiclute

Fressure, rsila. | 66.71 66.7] 583] 56.1

saturation

Temperature °r. [299.7R99.8.290.91291.7

sater iemyp.

reasured *i. 300.2/300.2]296.0292.8
wal

Temrerature *F. |297.6R98.5(292.0291.6

Comruted Resultse.

Iaﬂk Cailjbration Correcition Factor - ¥, =----==--- Q.92)..
reclfic volume of inlet water cu.ft. /18, ~eeee=-- Q,Q;Zﬂg
Water flow 1be o/8€C. —cmmcm e ccecmceeeaee e 2
Witer flow cu.ft./min. (mealured at inlet) ~-==-- i.szs
Freseure drop (P2 - Px). 1lbs./eq. in. ----- cnama= g.4

Static head between sta. 2 & 3, ft. of inlet fluid_c1l.<
Head due to 1nlet velocity (ft. of inlet fluld)--__ 0,3
Total head avallable (sta. 2 to 3), ft. of fluid _21.8 .
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Test Number _4} Date _4-16-51

Valve Opening (1lift)-- | Inches.
Duration of Test ----- Minutes.
Water Level Difference Inches.

Data at D
Stations L7 2 3 4 | S 6 7 &

Absolute
Prepsur sla. | 66,71 66.4
gaturatfon

Temperature °¥F. 2
ater Temp.

2
Measured °:. 1296 . 6.012 4
2

walli
Temperature °F.

Computeq Results.

Tank Calibration Correction Factor - F. -~e--- e 0.921
Specific volume of inlet water cu.ft./lb, ------- 0.01740
water flow lbe./sec. =--~-- g 0.945
Water flow cu.ft./min.{measured at 1nlet) -----~-« 0.987
Preesurs A4rop (PQ -~ Px). lbs./8G.10. ~-eccec-a~- 4.0 '
Static head between sta. 2 & 3, ft. of 1nlet rluld ]Q.Q
Head due to inlet velocity (ft. of inlet fluid) -

Total nead avallable (sta. 2 to 3), ft. of fluid ]Q.]

'Tost Number 42 Date 4-18-51
Valve Clpening (1lift)-- Q,%Z4§ lnches.

Duration of teat ----- 3. ;1 Minutes.

Water Level Difference 1 Inches.

Data at Ny
Statione / 2 3 4 ] 6 7 8
Absoclute

Pressure, psia. | 47.2{ 46.7

Saturation

Temrerature *r. 1277. 6.
water Tomg

Meagure . 276.2pR76.2
iafi

Temperature °F. 214.1Ez6.2

Computed Resultse.

Tank cCalibration Correction Factor - F., ----- .- 0.935
Specific volume of inlet water cu.ft./lb. -------

Nater flow lbs./sec. ~c-cmceccaccaaa- commmm e m——— ].255
Water flow cu.ft./min. (measured at inlet) ------ 1.
Fressure drop (P2 - Px). lbs./eq. 1n, -~-~s-cce-a-

Static head between sta. 2 & 3, ft. of 1inlet fluld 3-

Head due to inlet velocity (ft. of inlet fluid)--
Total head avallable (sta. 2 to 3), ft. of fluld 33. 9 )
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Test Number _43 Date 4-17-51

Valve Opening (1lift)-- 0.074 Inches.
Duration of Test ----a N ¥inutes.
water Level Difference Inches.

Data at ) g .
Stations o 2 | 3 4 s 6 7 a8

Absolute '
Preegure, psia. | 86.3 £6.,2{ S56.71 56.0/ 56. 6 bjﬁLﬁh

aturation

ﬁemgorature *F. 317.4317.41288.8288.3] 288.71288,.5288.0( 2
ater Temp.

Soigurad 5. 316.2&}6.7 251.01289,.5] 286.0128 87.5428
a
Temperature °r. 1308.6315.8{291.d28 2 28 87 .51286

Computed Resuits.

Tank Calibration Correction Factor - F. ~cceccee- 0.917
Specific volume of inlet water cu.ft./lb. -~--~-- 0.01761
Water flow 1lD8./80C. -~-cccccmcemccc e e mcna e

Water flow cu.ft./min.(measured at inlet) ------- 2.35
Presaure drop (Pp - Px). lbs./8q.1n. -=ceecme-ca-- 2

Static head between sta. 2 & 3, ft. of inlet fluld 74:3
Head due to inlet velocity (ft. of inlet fluid) - 0.8

Total head avallable (sta. 2 to 3), ft. of fluid 75,6

Test Number 44 Date 4-17-51
Valve JOpening (llft)-- 0.0%45 lnches.

Duration of tegt —=---- ] Minutes.

wWater lLevel [Lifference Inches.

'5a.t.a at

Stations / 2 3 4 5 6 > 8
absolute

Pressure, rela. | 86.3 86.23 61.7 62.7| 63, 62;@
saturatlon !l

SOQQBE%LUPC *, IB1T.41 3174204.5295.4]256.4294 .4
ater Temp. ‘ J i '

yeasured *F. 314.0] 314.0298 .5R96.0}295 61295.2
Wall

Temperature °r. |312.0]| 312.6 304.8[305.5]306 2|309.5

Comruted Reaults.

Tank Calibration Correction Factor - F, =-----=--
Specific volume of inlet water cu.ft./lb. -=---=-

Water flow lbs./seC. ~c-ccccccncannnca cmcmmcme—em 2.0%3
Wwater flow cu.ft./min. (measured at inlet) -~-=~-- .
Fressure drop (P2 - Px). 1be./cq. 1N, -—~ecvceceacas 24.
Static head between sfa. 2 & %, ft. of inlet fluid 61 g
Fead due to inlet velocity (ft. of inlet fluid)-- g‘
Total head avallable (sta. 2 to 3), ft. of fluid 62.6
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Teat Number _4g Date 4-17-51
Valve Opening (lift)-- 0.074% Inches.

Duration of Test -=--- Minutes.

Water Level Difference inches.

Data at ; ‘ H
Stations / 2 3 4 = e 7

absoute
Pregsure, osla.

86.3 86.4 68
Saturation

Jemperature “¥. !317.4| 31
water Temp.

Measured °». 316.7. 316.74 305
wali

Texperature °F. (311 315,00302 1.3

Compruted Resultse.

v——rendh o

| 302

Tenk Calibration Correction Factor - F. ------ - 0.917
Specific volume of inlet water cu.ft./ib. =------ 0.01761
water flow lbe./8@C. —-=-mccectcmmcrcc e e e m o

Water flow cu.ft. /min.(moa.urod at inlet) ------- 1,89
Fressure drop (Pp - Pz). lbs./aq.ln. -----ec------

Static nead Letween ata. 2 & 3, ft. of iniet fliuld 46.3%
Jead due Lo inlet velocity (ft. of inlet fluid) - 0.5

"otal head avallable {(sta. 2 to 3), ft. of fiuld 46,8

Test Number 46 Date _4-.17-5]
valve vrening (11fy)-- 0.0£4§ lnches.

uration of tegt ----- ST ¥inutes.

water Level JUifference 15.5 inches.

Data a2t T ) TTUTUTTTYT B 1T
- 5> | 3 -
51;"11.1,1[19 t / = L > 4 ,_?-._——1— 6 -——~1r~-~/ 8 —4
mbzolule

irecsure, vela. 86.3, 86.3 73.0, T30 T3.4 73.4; T4.5 T4.1
:,;,a;:;;jﬁe o5, P17.4|317 A[305.9| 305.7/306 .3506.3|307.4306.8
”:f’;,.i;jg b15.8{315.§310.2 307.0306.01506.0 306.0{306.0
N erature °F. [314.0]315.5[307.0| 306.5 306.5}506.5 306 .5{306 .0

Comruted Results.

Tzpk CTalibration on correction Factor - F. -----==-- —_0.917
spécific volume of inlet water cu.ft./lu. -=----- _0.01798
Nater Flow lbB./8€C. ==m=mm=cmoce—mcmemeeeeeoo 1,282
Wzter flow cu.ft./min. (measured at inletl) ------ 1.685
Iressure drop (P2 - Px). lovs./6q. in. -=-=--=-=--- 1372
Statie heai between 2ta. 2 & 3, ft. of inlet fluia 3%,

ilead due t2 inlet velociiy (ft. of lnlet fluid)-- O.%
Total head avallable (sta. @ to 3), ft. of fluld _2%9.>
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Test Number 47 " Date 4-17-51
Valve Opening (1lift)-- .0745 Inches.

Duration of Test ~=-=-- Minutes.

Water Level Difference _15,5 Inches.

Data at 1

Stations > / 2 3 4 ] & 7 a
Abgo.ute

Pregssure, psia.! 86.3] 868 80,7180.71 81.9] 81.6 az.j,m.j
4

aturation

Temperature °F. |317.4]217.71312.5B12.5]313.6312.4|314.3313.2
Water Temp. ]

Measured °s'. 513.5 313.5312.7513.0 31308313.0}313.04313.D
wali

Pemperature °F. P10.3 312.6{312.01311.0 311.0P10.31311.0/310.3

Cozpated Results.

Tank Calibration Correction Factor - F. -~----a - 0.917
Specific volume of inlet water cu.ft./lb. --w---- .
water £low lbe./80C. ~-c-cccccenmenccc e cecnaa —I.I07
water flow cu.ft./min.(measured at inlet) ------- 1.263
Pressure drop (P2 < P3). 1lbs./8q.in. ~ccewmaec~aa 0.2 '

Static head between ata. 2 & 3, ft. of inlet fluid 1>.>
Head due to inlet velocity (ft. of inlet fluid) - _ U.<
Total head avallable (sta. 2 to 3), ft. of fluid 15.7

Test Number _48 Date _4_17 52
Valve Opening (lift)-- _Q.0745 Inches.

Durstion of tegt --=-~-~ 2,682 Minutes.

Water Level Difference _J18.5 Inches.

Data at

Stations / 2 3 4 S & 7 8
Absclute

Preasur. ‘i. hl“ 3 11402 73‘9 7209 7209‘ 7203 7206 72.3

Lt
aa urantﬁﬁ. '?.b37'6 337.59306.5| 305.9305.5[305 0 |305.3305.1
ﬁatar aomP.

Neasured “F-. kjé.s 336.5307.0| 306 .3305.5p05.2 |306. §305.. 2
Z‘-:-n;gcret‘“r. .i‘. k33'6 33602 07-8 30602 06.2k05-5 304.0 0300

Computed Reaults,

Tank Calibration Correction Factor - F, =ceceee--- 0.903
Specific volume of inlet water cu.ft./lb. -==-=-- .
Water flow lbs./8eC. -c--cececccecmmoeac e 2.56
Water flow cu.ft./min. (measured at inlet) -~----- _2.735
Pressure drop (P2 - P3). lbe./8q. 1n., -~--- c————— 40 . R

Static head between -ta. 2 & %, ft. of inlet fluiad
Head due to inlet velocity (ft. of inlet fluid)--
Total head avallabie (sta. 2 to 3), ft. of fluid 104 ,§
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Test Number __49 - Date _4-17-51

Valve Opening (l1ift)-- 0.0745 lnches.
Duration of Test «---- O. Minutes.
Water Level Difference Inches.

Data at '

Absolute

Pressure sia, {114,30114.2 109;_6411 2 10 1110.3% 109.8!
Saturation

Temperature °F. . . 4, 4 X 226 .41 334
water Tomg.
Fo

Measured . 8 4,933 3
wall
Temperature °F. 2,0 i51 2.81 332

Computed Results. o )
Tank Calibration Correction Factor - F. -=-w-- .- 0.903
Specific volume of inlet water cu.ft./lb. ------- __Q_01782
Water flow lbs./sec. ~-~==c-= B T oo 0.853
water flow cu.ft./min.(measured at inlet) -----=- 1.019
Pressure drop (P2 < P3). 1lbs./8q.in. --es=e=c-s-= 4 .6
Statlc head between sta. 2 & 3, ft. of inlet flulad_ 11,8
Head due to inlet velocity (ft. of inlet fluid) - 0.2
Total head avallable (ata. 2 to 3), ft. of fluld 12.0

Test Number 50 . Date 4-17-51

Valve Jpening (lift)-- 0.0745 1Inches.
Duration of teat ~==--~ 2.941 Minutes.
Water Level Difference I7.5 Inches.

Data at '
Sgat%onl ! 2 e 4 il § _6- z 8
Absolute .

Preasure, psia, {114.3 114.384.1 | 84.2 ) o
Saturation . ‘ ' 11‘!

337.5315.5B15.°
335.80319.0817.0
334.9315.8p15.4

compute _ 4

Tank calibration Correction Factor - Fo ocm=== -—- 0,%%2
Specific volume of inlet water cu.ft./1b, ==~=- = _O.
water flow ibs./s@8. ~e-cec-cc--- eemccaccemee—— - 2.21

Water flow cu.ft./min. (measured at inlet) ~-----
Fressure drop (P2 - P3). lbs./eq. 1in. -----------'367?52"

Static head between sta. 2 & 3, ft. of inlet fluid [[-2_
Head due to inlet velocity (ft. of inlet filuid)-- o
Total head available (sta. 2 to 3), ft. of fluid »
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Tast Number __ 51 Date _4-17-51
Valve Opening (lift)-- _0.0745 Inches.

Duration of Test ----- , Minutes.

Water Level Differenca Inches.

Data at i i

dtations / 2 3

Absolute 114

P’ressur psia. .J101.1

Saturation

Temperature °F. .4328.8

Nater Temp.

Measured °.s. . 1.0

wall

Temperature °F. 35.31328.4

Computed Results.

Tank Calitration Correction Factor - F. «-ccce-- -~ __0.S03
Specific volume of inlet water cu.ft./lb. ------- i

water flow 1lb8./880, ~-cmeccccccrcacccecr e ca e 1.88
Water flow cu.ft./min.(measured at 1nlet) ------- 1.70
Pressure drop (P2 < P3). 1lbs./8q.1n. -==--e--e--- 12,1
Static nead between sta. 2 & 3, ft. of inlet fluld 334
Head due to inlet velocity (ft. of inlet fluid) - Q.4

Total heal available (sta. 2 to 3), ft. of fluld =z 8

Test Numter _ 52 Date 4-18-5]
Valve Upening (11ft)-- O.0745 Inches.

Duration of teat ===~ . Minutes.

wWater Level Difference . Inches.

Data at , " ]
Stations ' a 3 4 S S 7 8

Abasoclute
Pressure, psia. (1122{112.40100,0
Saturatlion

Temperature °F. {336.4
water Tmmg

Neasurec
WaIi

Temperaure °F

Comruted Reaults.
Tank Calibration Correction Factor - F. ==-=-==--
Specific volume of inlet water cu.ft. /1b.
Water flow 1b8./80¢. -~c-cccccacccccmcanccannnanax

Water flow cu.ft./min. (measured at inlet) ------ .
Pressure drop (P2 - Px). lbe./8q. in, -==-ce- ceme _12.8
Static head between sta. 2 & 3, ft. of inlet fluia_>1.O
Head due to inlet velocity (ft. of inlet fluid)-- U.%
Total head avallsble (sta. 2 to 3), ft. of fluid _J<c.%




122

Test Number _ 53 Date 4,.18.5i

Valve Opening (itft)-- 09,0745 Inches.
Duration of lTest ~---- 3 .044 Minutes.
wWwater Level Difference 7 inches.

—— . N : — ” v
barast s lazj{a|lals]|e| 7] a!
Absolute

89.8

- P sure sla.
Saturation

Temnerature °F.

water %omp.

Measured °r. 25 .2{321
Wall .
Temperature °F. 22 2

Congugg% Results.
ank Callbration Correction Factor - F.

Specific volume of inlet water cu.ft, /lb 0.01781]
Water flow lbs./80C., -~~<wccmcmccmccccacaccccecea- 1.5975
water £1ow cu.ft./min. (measured at inlet) ------- 2. 11
Pressure arop (PQ - Px). 1bs./8q.in. ;mccemacaea- - 2

Static head between sta. 2 &£ 3, ft. of inlet fiuld 50, .5
Head due to inlet velocity (rt. of inlet fluid) - Q.6
Total head available (sta. 2 to 3), rt. of fluid _60,1

Teat Number 54 Date _4-16-51
vglvé Orening (lirft)-- _O0.0 Inches.

Duration of teet ----- . Minutes.

Water Level Difference inches.

Eiia at . : »

Statlona / 2 3 “4 S & 7 8
Absolute

Presaure, psia, | 37.3] 36M4 26.6 26.6

Saturation }_;
%2!22:%&25! *p, [263.2]261.8243.5p43.5]
ater .ﬂp . i
§2§§s£sﬂc;v- 258.0| 257.3249.1R46.5
a ' N

L.

I!!E!I!ﬂ&!!LJ!Luéﬁﬂididﬂil&lé&éaﬁk&ﬁ‘ﬁ_

Computed Resultis.

Tank Calibration Correction Factor - F. --------- _ﬁg;ggga_
Specific volume of inlet water cu.ft. /ib. =mem—-- 0.01705
Water flow lb‘./.eQ. - - - - - ittt e R 0.729 '
Water flow cu.ft./min. (measured at in.et) ------ : .
Preesure drop (P2 - PS) ibs./8q. in. —~-~-~ cmmee  JeO
Static head between sta. 2 & 3, ft. of inlet fluid 24.1
tiead due to inlet velocity (ft. of inlet fluld)-- .

Total head available (sta. to 3), ft. of fluiad .
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Test Number _55_ Date 4-19-51
Valve Opening (lift)-- 0.0 Inches.

Duration of Test ----- o Minutes.

wWwater Level Difference Inches.

Data at

Statione / 2 3 4 K] é 7 8
Absolute

Pressure, psia. | 66.8/ 66.8} 33.2f 33.
Saturation 2

" Temperature °F. 25G.7RG9.7 g§6.§E§7.2
ater TOmE

Meassured » 29900299.0 25&. 573
Wall
Temperature °F. [2G6.097.6125G. 8

Computed Results.

Tank Calibration Correction Factor - F. «cec--- co= 0.921]
Specific volume of inlet water cu.ft./lb. —--c---o 0.01743
Water flow lbe./8@C. ~-~~cecccccnecccccacncancnnn 1.24G
Water flow cu.ft./min.(measured at inlet) ------- 1.3086
Preassure drop (P2 - Px). 1lbs./8q.iD. ~cc-ecac-vnaa

—23.8
Static head between uta. 2 & 3, ft. of inlet fluld__84,2
Head due to0 inlet velocity (ft. of inlet fluid) -
Total head available (sta. 2 to 3), ft. of fluid 84.4

Test Number 56 Date _4-19-51
valve Jpening (lift)-- Q,Qgﬁ Inches.

Duration of teat ----- 4,763 Minutes.

Water Level Difference 13 Inches.

Data at . . ]
Statlons -/ 2 3 4 K] & 7 8
Absolute 66.8| 66 4

Fressure, rela. o o

Saturation

Temperature °F. £59.7 499.§;75 31275.8R75.6

water Temp. ék

Measur °F, 8.51298.5277.8|276.6R76.2

Wall

Temperature 'F.£97-3 298.9R77.01276. 275.8

Comruted Reaults.

Tank Calibration Correction Factor - F. e~ce-ea--
Specific volume Of inlet water cu.ft./lb. ~~-----

Water flow lbs./sec. ~cccecammmmacaaas J 1.03
Nater flow cu.ft./min. (measured at inlet) ------ .
Pressure drop (P2 - P3). lbs./eq. 1n, --==ce=e--- 71T

Static head between sta. 2 & 3, ft. of 1inlet fluid
Head due to inlet velocity (ft. of inlet fluid)-- UVee
Total head available (sta. 2 to 3), ft. of fluld 53,3
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Test Number 57 Date _4-19-51

Valve Opening (1lift)-- O°O§g Inches.
Duration of Test ~=-<e . Minutes.

Wwater Level Difference _11.D Inches.

Data at T
Statione / 2 3 4 o
Absolute

6
Prgu.urf. psia, | 66.8] 66.9] 56.6] STLH 57.21 56.7 . .
aturation
Tempornt.uro °F. 299-7 2990728808 283 2890@8802 289, E'Q‘

ater om?.
e

Measured R99.0]298.9293.3] 291.0289.8p89. 41289 0kss, 5]
all
Temperature °F. E96.0 296.8250.3] 289 4{290. 290,3189,8
Computg% Results.

ank Calibration Correction Factor - F. -«---o .- 2
Specific volume of inlet water cu.ft./lb. -------
Water flow 1bs./800. ~-~cccccecccncccccccnas" ——w—-
Water flow cu.ft./min.(measured at inlet) ----- --

Pressure darop (Pp < Px). 1lbs./8q.iDs ~=-e=e=so-ce 1

A0.3
Static head between sta. 2 & 3, ft. of inlet fluld 2
Head due to inlet velocity (ft. of inlet fluid) -
Total head avallable (sta. 2 to 3), ft. of fluid 2

Test Number 58 Date 4-19-9]
Valve Opening (lift)-- 0,035 Inches.

Duration of test ~=w-- 3,152 Minutes.

Water Level Difference _ 12 Inches.

Pata at ~
Stations ! 2 3 4 ] & 7 8
Absolute

Presasure sla.
Saturation
"SQQQQEEtgro *F,
ater Temp.
Moaiureg °F.
a

Tepperature °F.

Computed ResulLs,

Tank cCalibration Correction Faotor - F. e-------- 0.917
Specific volume of inlet water cu.ft./lb. -=------ ek y
Water flow 1bo./c;c; ------ ceecma- -------;‘44---- .
Water flow cu.ft./min. (measured at inlet) -<v----
Pressure drop (P2 - Px). 1bs./8q. iN. -ecececmceea Eglg '

Static head between sta. 2 & 3, ft. of inlet fluidllé,
Head due to inlet velocity (ft. of inlet fluid)-- .
Total head available (sta. 2 to 3), ft. of fluld- .
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Test Number ”52 _ Date 4_.19.5] |
Valve Opening (litt)-- 'Q.st Inches.

Duration of Test -«---- Minutes.

Water Level Difference Inches.

‘Data at 1

Station / 213 |4 |5 |e6e| 7| s
A5loiu%o

Prougugf, psia, | 86,31 86.7
aturation

Temperature °F. |317.3
ater emp.

Measured °F. 15,8

Wall

Temperature °F. 313 .3

comeggo% Resultg. |
Calibration Corroction Factor - P oo -~ _0.917

Specific volume of inlet water ou.ft./ld. --~ew--

Water flow 1bo./b7o. -Z-~-~--------—----;--- ----- —2.011397
Water flow cu.ft./min. (neasured at inlet) --ece-aa 1
Pressure drop (FQ P3z). lbs./8q.in. ~ecceeacaaoa e

Static head between ata. 2 & 3, ft. of inlet fluld 77.7
Head due to inlet velocity (ft. of inlet fluid) -
Total head available (ata. 2 to 3), ft. of fluld _77,9

Test Number _§0 ' Date g;]g-s]
Valve Opening (11ft)-- _0.035 Inches. |
Duration of test ----- 5.:533 Minutes.

Water Level Difference _1l1l2.5 Inches.

Data at . '
Stations / .2 3 < K] (=3 7 8
Absoclute

Pressure 8ia.
5a§uration

T srat *F.
ater Temp.
Measured °*F.

l .
Temperature °F7

Computed Results.
Tank Calibration Correction Fastor - F. -vecececc-- ;
Specific volume of inlet water cu.ft./lb. ----<-2" _0.017589

Water flow ibs./seéc. ----cocecccaaaa. ——mme—ceeen- __Qggﬁg__
Water flow cu.ft./min. (measured at inlet) «~-e--- .
Pressure drop (P2 - Ps). lbs./eq. 1n. —----- c———— 12.3
Static head between sta. 2 & 3, ft. of inlet fluid 36,

Head due to inlet velocity (ft. of inlet fluid)--

Total head available (sta. 2 to 3), ft. of fluid '

L L]
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Test Number _ 61 Date _4-19-51
Valve Opening (lift)-- 0.0 Inches.

Duration of Test ----- Minutes.

Water Level Difference Inches.

Data at 1

Stations P/ 2 3 4 ) [ 7 8

Absolute E

Presgure, psia. 114.41113.7 52.9] 52,1 52.2] 51, 2.71 52.2
aturation ,

Temperature °F. B37.7|337.1p84.5|283.6283.7] 282,71284. 3283.7,
water Temp. ’ ’

Measured EE'. 35.2_‘_225.3 83.51283.5|282,8] 282 pj282 8

Wall
Temperature °F. E:l.ﬁ :24.&85,} 283 51282, 8| 1.2
Computed Results.

Tank Calibration Correction Factor - F., ~ccccca -- 0,903
Specific volume of inlet water cu.ft./lb. ~------ 0.01781
w‘tv.\r flow lb../.'c. CREE L' T LR L P LR L L T R X X

Water flow cu.ft./min.(mesasured at inlet) -------

Freesure drop (P2 < Px). 1lbs./8q.in. --crmee----- -

Static head between sta. 2 & 3, ft. of inlet fluid l
Head due to inlet veloclity (ft. of inlet fluid) - 2,
Total head avallable (sta. 2 to 3), ft. of fluid _156.5
Test Number _ 62 Date _4-20-51
Valve Opening (lift)-- 0.0E% Inches.

Duration of teat ~ew=-- Minutes.
Water Level Difference 10 Inches.

Data at
Statione
Abaoclute
Pressure, psia. p18.5
saturation

Teggcgﬁturo *F.
water Temp.

Mea *F.
Temperature ’F.r37-0_

ComEutcg Reaulte. .
Tank Calibration Correction Factor - F. —mmemee-

Specific volume of inlet water cu.ft./lb.

/

water flow lbs,/88C. =—-=-c-ceccrawaaa ccccmcmenna~ 1.63
Water flow cu.ft./min. (measured at inlet) --=--- .
Pressure drop (P2 - Px). lbs./8q. 1n. —-~=--= . .

Static head between sta. 2 & 3, ft. of inlet fluia 164.2
Head due to inlet velocity (ft. of imlet fluid)--___0.%
Total head available (sta. 2 to 3), ft. of fluid .




127

Test Number 63 Date 4-19-51
Valve Opening (1ift)-- O-Oég Inches.

Duration of Test ----. . Minutes.

Water Level Difference . Inches.

Data at T

Stations L ! e 3 4 S 6 7 .5
Absolute

Pre re, paia. 114.4/114.2 74.1] 74 4.8 74,
§aturst10n 8 .
Temperature °F§. T.7 « 3306, 3Q7 4307,
Water Temp. ! : 4
Measured °r, 36.31335.7|308.5

wall

Temperature °F.;E;4.J'§d . 4 | 3Q 5.5]
Comgut.g% Results.

ank Calibration Correction Factor - F. ececeece - Q.903%
Specific voluwe of inlet water cu.ft./lb. ~—-ee-- 0.01781
Water flow lbs./sec. ----- e ceremeccccacacccanan 1.382
Water flow cu.ft./min. (measured at inlet) --<----

Preseure drop (Pp - P3). 1lbs./8qQ.in. --ee-= ccme—a Zé:f

Statlic head between sta. 2 & 3, ft. of inlet fluid _102.7
Head due to inlet velocity (ft. of inlet fluid) - 0.3
Total head avalilable (sta. 2 to 3), ft. of fluid 103.0

Teat Number 64 Date 4-19-51
Valve Jpening (11ft)-- 0.035 Inches. |
Duration of test ~---- . ¥inutea.

Water Level Difference 15 Inches.

Data at ) . ]
Stations / 2 3 4 S '6 > a8
Absclute '
Presaure ala. 4 4

saturatlon
Temperature °r. 337 71337 2
vater Temp. .
Neagureg °F. 338 :}ﬁ‘ﬂj

= .
Temperature °F. |33 4,50322,8]

Q.
5
Computed Resulte,

Tank Calibration Correction Factor - F. ------==- __ 0.0O0%
Specific volume of inlet water cu.ft./lb, ----==- —0.01781
water flow 1lbe./s88C. -—c-cccccncccaaaa C S 1.05
Water flow cu.ft./min. (measured at inlet) -—----- 1.123
Fressure drop (P2 - Pz). lbs./8q. in. ~-recececaa-

Static head bdetween sta. 2 & 3, ft. of inlet fluid 56.7
Head due to inlet velocity (ft. of inlet fluld)--  U.2
Total head avallable (sta. 2 to 3), ft. of flula _5b.9




Test Number 65
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Date 4-20-51

Valve Opening (lift)-- 0-055 Inches.

Duration of Test -=---= . Minutea.

Wwater Level Difference 7 inches.

Data at ! — 4 ]
Stations / 2 | 3 4 L) é 7 a
Absolute

Pressure, psia. 118.5118.2} 67.1 67.4, 68.1] 67.14 6T.41 67
Saturation

Temperature °F. 340.£40.2 300.1.300Qﬁ01.0 300.1300.4| 300.
water Tomg.

Measured °:r. 341.05341.0f 302.2]301.3p00.81300.3300.3!299.
a

Temperature °F, 337-0&&1.0 303.0 01.3£Q0;8_1gg 99.81299.

esults.

Gomgugg% R 1A

Tank Calibration Correction Factor -~ F.

Speoific volume of inlet water cu.ft./lbo.
Water flow lbs./

 Water flow cu.ft./min.(measured at inlet)

aec.

Pressure drop (P2 - Px). lbs./eq.in.

Static head between sta. 2 & 3, ft.
Head due to inlet velocity (ft. of inlet fluid) -

D v S e WA W G) D AL T W AP N e W SR e em G e W e e

- e A D e e

of inlet fluld_131.9

P A e

0.4

Total head avallable (sta. 2 to 3), ft. of fiuid 131.9

Test Number 66

Date _4-21-59]

Valve Upening (lift)-- 0.1825 1inches.

Duration of tegt —-=--- . Mlnutes.

Water Level Difference - lnches.

Data at

Stations / 2 | 3 4 5 é 7 & |

Absolute

Pressure, peia. 66.8] 663 54.855.1} 55.3] 54.7) 55 ol
saturation ‘L

Tempersture °F. 59.71299.4287.0 87.31287. 287.3287.
water Teump. ‘k ék_

b"gacggg *F., 58.51298.5292.8p87.21286. 286.8286.8
al

Temrerature °i. k97.6 298.5288.6£88.6 2903 | 288.0287.5

Computed Resulits.

Tank Callbration Correction Factor - F. ------=-- .921
Specific volume of inlet water cu.ft./idp. ------- 42
Water flow 1bs,/8€C. ~c---cememcccc e 2.732
Water flow cu.ft./min. (measured at inlet) ------ 2.855
Fresesure drop (P2 - PB)’ lbs./®8qQ. 1n. --=-vcvee-- 11l.5
Static head between sta. 2 & %, ft. of inlet fluld €S.f

Head due to inlet velocity (ft. of inlet fluid)--

1.2

Total head avallable (sta. 2 to 3), ft. of fluid 29,9
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Teat Number _67 | Date 4.21-51

Valve Opening (1ift)-- 0.1825 Inches.
Duration of Test —---« 3.537 Minutes.
Water Level Difference I? Inches.

Data at T
i

Stations / 2 | 3 4 C; 6 | 7 8

Absolute '
Presgure, psia. | 66.8] 66.8 61.5/62.3| 62.4 61.5| 61.8 62.5
aturation

Temperature °fF. 299.7]299.7]1294.4P55.21295. 4294 . 4| 254 5/295 .3

ater Temp.

Meagured °r. 299.4 299.4297.0L94-3 294-;9‘1’-}'}4 294-322412L
wWall
Tomparat.uro °F. R97.5 298-4295-2 P95 .2 295-C_L97.O 295 ,%9,5,:2[

Computed Resuits.

ank Callbration Correction Factor - F. ~-cc--- 0.621

Specific volume of inlet water cu.ft./lb. ---e--- 0.%11 3
]

Water flow 1lbe./8@C., ---ccmmmcacca e e cecc e 1.
water flow cu.ft./min. (measured at inlet) -----—--
Fressure drop (Pp - P3). lbs./8g.iD. ~ee-mee-ce-ao
Static head between sta. 2 & 3, ft. of inlet fluild
Head due Lo inlet velocity (ft. of inlet fluid) -
Total head avallable (sta. 2 to 3), ft. of fluld

Test Number 68 o Date _4-21-51
Qalve cpening (1ift)-- 0.1825 i1nches.

Duration of tedt —-—--- 2-591 Minutes.

Water Level Difference 11 Inches.

Data at

Statlopse / 2 3 < S () 7 S
AbsClute

Pressure, psla.|5%4-9]| 54.7 45.6] 45.9

Saturation

Teupers iure . P86.B 286.%?.75.3 275.5
:Z%;ﬂ,;g‘“‘-’;-, p85.3|285.%280.4 2754
a

Temrerature °F, k84°5 285.3]276.3] 2763 |
Computed Reaults,

Tank Cailiibration Corroctlon Factor - F, e-cocewu-- 00,9278 _
Specific volume of inlet water cu.ft./lb. -=-=---- 0.01730
Water flow .1be./88¢. --ccecccccccccnaa cmmcec e 2,295
Water flow cu.ft./min. (mealured at inlet) ------ 2.
Pressure drop (P2 - Px ). lbs./8q. in, -~-ccecemeca- <§.§
Static head between lta. 2 & 3, ft. of inlet fluid

tead due to inlet velocity (ft. of inlet fluid)--__ LU
Total head available (eta. 2 to 3), ft. of fluid €37




130

Test Number 69 Date _4-22.5]
Valve Opening (lift)-- 0.1825 Inches.

Duration of Test -w-a= « 50 Minutes.

Water Level Difference [o) Inchees.

Data at H ~

Stations / 2 3 4 K] 6 7 8
Absolute

Pregsure, peia.| 86.3
aturation .
Temperature °F. 317.4
ater Tenmp. :
Measured °s. 14.0
wall

Temperature °F. 312.6
Comeutad Resylts.

' Calidbration Correction Factor - F, -cceces - 0.917
Specific volume of inlet water cu.ft./1b. ~------
Water flow 1lbe./8€C., ~--ccccccacmccccccacccccaana 3,23
Water flow cu.ft,. /mln.(noalurod at inlet) --=---w- 2,409
Pressure drop (Pg - P3). lbs./8q.in. —ccecmeee-- az.g
Statlic head between sta. 2 & 3, ft. of inlet rluid 3.1

Head due to inlet velocity (ft. of inlet fluid) -
Total head avallable (sta, 2 to 3), ft. of fluiad 44

Test Number 70 . : Date -22-

Valve Opening (lift)-- 0.1825 Inches.

Duration of teat -~--- o Minutes.

Water Level [ifference Inches.

Data at

Stationd / 2 o 4 S 6 Z bt -
Abaolute

Fressure, psia. |86.3
Saturation

o%goraturc *F. p1l7.3
Water onp.
heaiureg 4L24 0
a
‘F.¥l3‘5

Temperature

computed Reguits.
Tank Calibration Correction Factor - Fe¢ =--o<<ee-- __ 0,917

Specific volume Of inlet water cu.ft./lb, ~c-c--- __0,01769
water flow 1b8./8€C. ~cc-ccccmcccccncccarmnccnna- 2.;45
Water flow cu. tt /min, (measured at inlet) ------ .
Pressure drop (P - Px). lbs./8q. iNn. --c-cececa- 10.3
Static head between eza 2 & 3, ft. of inlet fluld 26.1

Head due to inlet velocity (ft. of inlet fluid)--
Total head avallable (sta. 2 to 3), ft. of fluid 5%.5
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Test Number _ 7] Date 4.22-95]
Valve Opening (1lift)-- Q,1825 Inches.

Duration of Test ----- 1.979 Minutes.

water Level Difference _20 inches.

Data at ! !

Stations ! 2 3 4 > 6 | 7 : 8
Absolute

Pressure, psia.
aturation
Temperature °F.
Water Temp.
Meaesured "r.
wall

Temperature °F.

Computed Results.
Tank Callibration Correction Factor - F. ~«---w-- -
Specific volume of inlet water cu.ft./lb. «~cee-o ‘
Water flow 1lbs./88C. -~-c-cccccccemacccc e e 3
water flow cu.ft./min. (measured at inlet) ------- 4,02
Pressure drop (P2 - P3). lbs./8G.1n. —=-ceocece--a 23,1
Static nead between sta. 2 & 3, ft. of lnlet fluld_59.3
Head due to inlet velocity (ft. of inlet fluid) - 62.2
l.

4 4.7 95.11 94.5| 94.7] $3
323.j323.8L524.3 323, 1523, 8] 323

20.
| 3eg.

Total head available (sta. 2 to 3), ft. of fluid

Test Number _ 72 Date 4-22-51
valve upening (lift)-- 0.1825 Inches.

furation of tesgt -=-=--- 2.009 Minutes.

Water quol DAfference 1 lnches.

Data at ‘ '

Stations / 2 | 3 < ] | & 7 8
Abaoclute

Freasure, rels. 118.4117.2; 95.0 | : ; 99.
o I

aturation

Iggzggﬁburo °F. 40. 327 .2
water emp.
P,

Measured . (. 1.0 26.Q]
?aIE .

Computedq Resylts.

ank Calibration Correctlion Fasctor - F. -cc-veawe-- _

Specific volume of inlet water cu.ft./lb. ------- 4
water flow lbs./8€C. =e--cecmmena--ax - 3.31
Water flow cu.ft./min. (measured at inlet) ------ .
Preseure drop (P2 - P3). lbe./eq. 1n. ------c---- 18.2

Static head between sta. 2 & 3, ft. of inlet fluid_ 46.8
Head due to inlet velocity (ft. of inlet fluid)--_ ‘1.8
Total head available (sta. 2 to 3), ft. of flulad 48 4
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Teat Number 73 : Date 4-22-51
Valve Opening (lift)-- 0.1825 Inches.

Duration of Test ----- 5 ¥inutes.

water Level Difference 9 Inches.

Data at T ] -

Agloiubo ' i

" Pressure, psia,
sturation

Temperature *F.

water Tewnp.

Measured °r.

wWall
spperature °F.

Co t 1 :

Tank Ca lbrstion Correction Factor - F, ~cecce-e -- Q.917
Specific volume of inlet water cu.ft./lb. «--ee--- 2
Water flow lbe./86C. ~~-cecccocccccccccnccccccana %:Bﬁ
Water flow cu.ft./min.(messured at inlet) ----- -

Static head between -ta. 2 k£ 3, ft. of 1nlet fliul
Head due 10 inlet veloeclity (rft. of inlet fluid) - 1. E
Total head available (sta. 2 to 3), ft. of fluld _31.

Teat Number 74 ' ' Date 4-22-51

Valve Upening (lift)-- 0.1825 1Inches.
aration of tegt ----- . Minutes.

Pressure drop (Pp - Px). lbs./8q.in. --ce-ccauaao lg.
P e

Water Level Difference inches.

Data at s

5 lons / 2 3 4 S & ? 8
Absolute

Fressure, peis. [132.3]130.3103.0002.9§103.8103.5} 103.4102.
sSaturation :

Tegeogitur! °F, [348.8| 347.5330.0529.8 zzgggzeg.g

ater Temp. .

_Meaiurgg °F. ;47.0 4 6.7331.0 330.0330 Q)
a ; .

Iemperature °F. |536.3|3474332.6332.0 331.9329.9

Comruted Reaults,.

Tank Calibration Correction Factor - F. «--ceec-- .
Specific volume of inlet water cu.ft./lb. -=----- :
Water flow db8./s@¢. ~c--emweaa- T .07
Hater flow cu.ft./min. (measured at inlet) -—-=e--- 337
Pressure arop (P2 - Fi). 1bs./8Q. 1N, --e-ceca~s - -3

Static head between sta. 2 & 3, ft. of inlet fluid zo.g
Head due to inlet velocity (ft. of inlet fluid)-- .
Total head avallable (sta. 2 to 3), ft. of fluld 733
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Teest Number __ 75 , Date 4-24-51
Valve Opening (lift)-- 0.30 Inches.

Duration of Test --~-- Minutes.

Water Level Difference . Inches.
Dats at T :

Stations . 2 3

Absolute

Pressure, reis. 66.9 66.1{56.9

aturation

Temperature °"F. |299.8/2399.2 2§2.§2f

water Temp.
Measured “r. 259.4L259.4] 295 .2

wall

Temperature °F. |297.7099.4]291 0

Computed Ro.u;tg;

Tank Calibration Correction Factor - F. ---vcecea- - 0.921
Specific volume of inlet water cu.ft./lb. ---——---

Wwater flow 1bs./88C. ---=cwoccccceccccccccccceaa. 3.075%
water flow cu.ft./min.(measured at 1nlet) cm——e—-
Pressure drop (P2 - P3). lbs./eq.in. ----- ~——————

Static nead between -ta. 2 4% 3, ft. of inlet fluiad

Head due to inlet velocity (ft. of inlet fluid) - ,2
Total head avallable (eta. 2 to 3), ft. of riuid < €
Test Number 76 Date 4-24-51
Valve Jpening (lift)-- 0.207 1Inches. |
puration of tegt —we-- . Minutes.

Water Level Difference 25 Inches.
Data at

Statlions / 2 d < 3 S _ 7z 8
ADROlute

Fressure, reia. 86-4 85.7] 73 .4 .

>aturation

;:gggnrat.ure .F. 317- 17.0 306. 6.

water Temp.

Meaiureg °E, 1317.4317.4] 313 .3306.
a

Temperature °F. |315.8317.4) 308 .6|308.6]

Comﬁuteg Regults.,

T Calibration Correction Factor - F. ~----e=x-- 0,917
Specific volume of inlet water cu.ft./lb. ------- —_Q*Qi1§2
Water flow 1b8./8@C, -~--cccmmmmcccmccaaeecaa o 3.5
Water flow cu.ft./min. (messured at inlet) ------ .
Pressure arop (P2 - Px). 1lbe./sq. in. -=--ve= coen- 1€

Static head between sta. 2 & 3, ft. of 1lnlet fluiaq
Head due to inlet velocity (ft. of inlet fluld)-- 2.0
Total head avallable (sta. 2 to 3), ft. of fluia ..
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Test Number 77T Date 4-24-51
Valve Opening (lift)-- 0.30 Inches.

Duration of Test ~w--- o Minutes.

water Level Difference Inchees.

Data at 1

Stations ! 2 .3 5 5 & 7 8
A500§uto

Pressure, psia. i 86.4 85.8/ 77.61 77.4 77.71 77.8 78.1{ 78.3
aturation

Temperature °F. |317.4317.0B09.9]309.

ater Temp.
‘Measured °». 317.4|317.4b14.01310.
Wall

Temperature °F. |315.0|317.4511.0(311.

Compg%od'ROlglt..
Tank Calibration Correction Factor - F. ——cceea -

Specific volume of inlet water cu.ft. /Lb. ------- 8:3;%32
Water flow lbe./8@C. ~-ccocccmmmm e ccccaccccaaa 2

Water flow cu.ft. /min (neasured at 1nlet) ----- -- 3:11
Presaure drop (P - Pz). lbs./8q.1n. --=ecee-cean-

Statlic head between ata. 2 & 3, ft. of inlet fluid 59,%
Head due Lo inlet velocity (ft. of inlet fluid) - 1.
Total head avallable (sta. 2 to 3), ft. of fluid .3
Test Number _ 78 Date 4-24-51
Valve Upening (1ift)-- 0.307 Inches.

suration of tegt -=-e--- N Minutes.

Water Level Difference <9 Inches.

Pata at
Stag%ona
Absclute
Pressure, rsla,
saturatlion
Iggg-r%gurg °F,
wWater cmg.
Measured 'F.

a

Temperature °r,

Compute sult
Tank Calibration Correction Factor - F., e-c--eca--
Specifiec volume of inlet water cu.ft./lb.
Water flow 1b8./80C. ~ccmececcccmcacccacccniacean

Water flow cu.ft./min. (measured at inlet)

Preegure darop (P2 - P}). lbs./8q. in., -~-~-- wee-a 18.2
Static head between sta. 2 & 3, rt, of inlet fluida
Head due to inlet velocity (ft. of inlet fluid)-- 3.0

Total head avallable (sta. 2 to 3), ft. of fluid 4§T§
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L

Teat Number _ 79 ) Date 4-24-51

Valve Opening (1ift)-- 0.30 Inches.

Duration of Test ---«- . Minutes.

Water Level Difference . inches.

Data at h ‘ “7
Stations A e 3 4 K] é 7 a8 )

Absolute
Presgure, psia. i 118.4116.5003.1 [102.50102.4}10%.6103.2003.4
aturation

%ggpdraturo °F. {340.3339.0p30.1 1329.6329.6 BBO-JBBO.EbBO-
ater Temp.

Measured *r. 1339, 340-0»36-3 1329.4525.81330.0{330.0830.
Wall ] =

Temperature °F. 337}8b41.0_21.0 331.0832.81332.9331.8530.Q/

'Compggg% Results.
ank Calibration Correction Factor - P. ~cwaccee-
Specific volume of inlet water cu.ft./lb. -------

Water flow 1be./80C. -----ecececccrcrcanccccnanan K
Water flow cu.ft./min.(messured at inlet) -------
Preasurs drop (P2 - Pz). 1lbs./8q.in. -e--mecec-ce-a 1£,

Static head between ata. 2 &£ 3, ft. of inlet rluid >
Head due to inlet veloclty (ft. of inlet fluid) - __ 2,3
Total head avallabdble (sta, 2 to 3), ft. of fluid }ﬁ,z

Test Number 80 Da't,o 4-24-5]
Valve Opening (lifti)-- 0.507 lnches. ‘

Minutes.
Water Level Difference 22 ~ Inches.

Data at
atations J 2|13 |4 |5 e | 7| &
A%soluto '

Fressur sla, 130.4{128.3; 107.7TI10 ) 8
$aturatidn o

wure °F. |1349.4346.4|333.6
water Tem

Neasured ° 346.1346.5| 342.1
all

Temperature °F. 335-§bﬂ6b1 L
comjy d_Res

Tank Cailbration Correction Factor - F. -----ve-- _0.900
Specific volume of inlet water cu.ft./lb. ------- —0.1794
Nater flow 1bs./8eC. ~c-veccccmccccmcmnccmenadiaan 4.45'
Water flow cu.ft./min. (measured at inlet) ------ X
Fressure drop (P2 - Px). lbs,/8q. 1n, ------ veman 20,0
Static head between sta. 2 & 3, ft. of 1lnlet fluld .

Head due to inlet velocity (ft. of inlet fluid)-- o
Total head avallable (sta. 2 to 3), ft. of fluid .
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Teat Number _ 81 | Date 4-24-5]
Valve Opening (lift)-- 0,307 Incles.
Duration of Test ----- 6.737T Mlnutes.
wWater Level Difference _35 inches.
Data at ! ; .
3tatione ! 2 ¢ 3 4 S 6 7 8
Absolute ]
P;go,oguro,gmla.j 66,9 66.9, 62, 64,0 63.2] 63.3; 64
aturation .
Temperature °F. 1299 .72 296, 6.81296,3296.2]| 297
water Tenmrp. 122
i;e%;urod or 298.5/298.5! 297.71296.0 51296.5R96.5, 296
a ' !
Temperature °F. a&z_élzﬁﬁ,igs& sl296.097.3] 297
Comruted Results.
Tank Calibration correctlon Factor -« F. ~~cecea=- 0.920
Specific volume of inlet water cu.ft./ilb, ~—--=-e-- 0.01743
water flow 1lb8./8@C. ~ccccccceccmc e e e ea - 1.97
wWater flow cu.ft./min.(measured at inlet) ------- 2.06
_ Pressure drop (Pp - P3). lb- /8GN, cmemeeea o 4.0
Statlc head between sta. & 3, ft. of inlet f.uld
Head due Lo inlet velocity (ft. of inlet fluild) - 0.6

Total head avallable (sta. 2 to 3), ft. of fiuld 10.6

Teat Number 82 Date 4-24-51
valve Jrening (l1ift)-- 0,307 inches. |

Duration of tegl ----- 3.696 Minutes.

wWater Level Difference _25 Inches.

Data at . ' I
Stetions ! 2 > < 5 S z 8
ahsclute

Pressure, rsia.| 66.9 66.5] 602 60,8 61.] 60.5 60.9/61.
oaturabiun ’
i99 5| 293.0293.5| 294 0293 .3R93.7| 294.

T ggor;turo *F. {299.

wWater omp.

ialg

Tgmgcr‘gt.ure ‘F, 297'&9904 2920 29306 2%.12960&94&.2 293

Compruted Results.

Tank calibration sCorrection Factor - F. ~----==-- 0.92
Specific volume of inlet water cu.ft./ib, -=-~--=- 0.01
Nater flow lbe./sec. ---v----~ et cccmeem—ec—————— 2.57
Nater flow cu.ft./win. (measured at 1nlat) ------ 2.69
Fressure drop (P2 - Pz). 1ba./eq. 1n. -=---e-=--- 6.4
"Statie head between ata. 2 & X, ft. of 1niet flutd_16.0
tead due to inlet velocity (ft. of inliet fluld)-- 1.0

Total nead avallable (sta. 2 to 3), ft. of f1luld 17.0
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Test Number _ 83 Date 4a2625]

P
Valve Opening (11:@)--l3£E§x.d Inches.
Duration of Test ---wa Minutes.
wWater Level Difference §§.§ inches,
Data at !
Stations / 2 3 4 | S é 7 1 8
Absolute

P s sla.| 86.5 86.4
Saturation
Temperature °F. |1317. l7.§q

ater enp.
Measured °f. 1317.4817.4
wali

Tenmperature °F. {315.8B17.

Computed Results.

Tank Callibration Correction Factor - F. ------- ~-
dpecific volume of inlet water cu.ft./lb. -------
water flow 1be./86C. ~-ccccmmcmmm e cecnccaana-
Water flow cu.ft./min.(measured at inlet) -------
Pressure drop (P - P3). 1lbs./eq.in. ——cece-eoo-o

Static head between sta. 2 & 3, ft. of inlet fluid
Head due to inlet velocity (ft. of inlet fluid) -
Total head avallable (sta. 2 to 3), ft. of fluid _17,9

Test Number 84 Date 4-26-5]

Pl '
Valve Opening (11ft)-- Reggved Inches.
Duration of teat —----- ¥.208 Minutes.
Water Level Difference 29 Inches.

Data at . ]
Stations / 2|3 |4 |5 |6} 7| s

Absolute

Pressure, psia. | 67.0! 670 59.059.7
Saturation

Temperature °F. R99.91299.9291.6k92.3
ﬁntor %onp.

Measured *F. P00.2}300 296.8&22.0
Wall

emperature 'En‘?99-4 300,;292.5L24,3

Ccomputed Reeults.

Tank Calibration Correction Factor - F. -----ece-- 0.921
Specific volume Of inlet water cu.ft./lb, icceceuaa 001744
Nater flow 1b8./8€C. ~-—cccccmmmc e ccacecmcacaee 3,43
Water flow cu.ft./min. (measured at inlet) -we--- 3.59
Predsure drop (P2 - P3z). lbe./eq. in. ------ee---

- 45" N
Static head between sta. 2 & 3, ft. of inlet fluld,19o;
Head due to inlet velocity (ft. of inlet fluid)-- .
Total head avallable (sta. 2 to 3), ft. of fluid .
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Teat Number 85. Date 4.26.51

. P
Valve Opening (1ift)-- iu Inches.
Duration of Test ----- . Minutes.
water Level Difference Inches.

Data at T, P
3tations i

Absolute '

Pressure, psia.: 670] 67.0
aturation

Temperature °F. |299.9299.9|

ater Temp.

Messured °r. 297 .6R98 5

wWall

Temperature °F. 1296. .0

Computed Results.

Tank Calibration Correction Factor - F. «~cece=-

Specific volume of inlet water ocu.ft./1lb.
water flow 1be./80C. ~-<~cccccracmnccccan e cancana
water flow cu.ft./min.(measured at inlet)
Preseure drop (P2 ~ P3). los./8q.in. -~=-- PR 4.2
Static head bLetween sta. 2 & 3, ft. of inlet fluid 10 5
Head due to inlet velocity (ft. of inlet fluid) -
Total head avallable (ata. 2 to 3), ft. of fluid ]Q.a

Test Number 86 Date 4-2(6-51

valve vpening (1lift)-- : Ilnches.
Duration of tegt ~==--- o Minutes.
Water Level Difference Inches.

Data at ' B
Stations ! 2 3 4
abidoclute

}renaura. prela,
aaturdnfbn

Meagured
w;I%———r

Temperature °f.

[ vIRES

Computed Results.

Tank Calibration Correction Factor - F. ~--c-n--- 0.935
Specific volume of inlet water cu.ft,/1lb., -=----- .
Water flow lbs./se€C, -eecccccccnen-ao T 5
Water flow cu.ft./min. (measured at inlet) ------ 2:%%
Pregsure drop (P2 - Pi ). lbs./8Q. in. ~=cecccaca-

Static head between eta. 2 & 3, ft. of inlst rluld.i2.%

lead due to inlet velocity (ft. of inlet fluld)-- .
Total head avallable (sta. 2 to 3), ft. of fluld .
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Test Number _87 Date _4-26-51
Valve Opening (1lift)-- £l Inches.

Duration of Test ---==- Minutes.

Water Level Difference 21,5 Inches.

Data at l {

Absolute i

Pressure, ‘psia. 114.5 114. 99.4 990 99.4100-2 100.2 99.4
Saturation ,

Tenperature °F. B337.7]337.6827.T} 327 4327.
water Tomp. ‘

Measured °r. 337.0|337.4332.0] 327 §327.
wall
Temperature °F. $33.5|337.4327.5] 3304329,

Computed Resuits.

Tank Calibration Correction Factor - F. «ewe-- o~ 0.2%:
Specific volume of inlet water cu.ft./lb. -—-—--- [ 6

Water flow 1bs./86C, ~----cee-eccecarcccnacnecen-
Water flow éu.ft. /min.(mos-urod at inlet) e-vcee--
Pressure drop (Pp -~ P3). lbl /8q.10. ~eccccanccaaa
Static nead between gta. 2 & 3, ft. of inlet fluld
Head due (Lo inlet velocity (ft. of inlet fluid) -

Total head avalilable (sta. 2 to 3), ft. of fluid

Test Number 88 Date _4-26-51]
Plu

Valve Jpening (1ifti)-- & Inches.

Juration of tegt ----- 2;3%% Minutes.

wWater Level [ifference Ilnches.

Data at

Statlone / 2 3 4 3 (S 7 8

Lbsolute . ‘

Fressure, pela. [114.5/113.4103.2| 102 5/102.7103.7}103.8103.5)
caturation . B37.71337.3330.3| 329.4329 '
Temperature °« . . o .
Water ;.mr

reasured }537-0 337.0334.5] 329 5{329. 329.71331.0]
& Fs

Temperature 'p:LBS.B 337.9330.0]331.4332. 1332.0330.0

Computed Resultis.

Tank Calibration Correction Factor - F. ---w-=a-- 0
Specific volume Of inlet water cu.ft./lb. -------

Nater flow 1lb8./8@C. -ecccccccccccacccccccea e .
Nater flow cu.ft./min. (measured at inlet) ------~ __&4.15
Fressure drop (P2 - Px). lbs./8q. in. ----ve~ee-- 158

Static head between -ta. 2 & 3, ft. of inlet fluld 2
Head due to inlet velocity (ft. of inlet fluid)-- . ,
Total head avallable (sta. 2 to 3), ft. of fluld
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Test Number _g8g o : Date 4-26-51

Plu »
Valve Opening (1ift)-- 8 Inches.
Duration of Test ~---- ] _469 Minutes.

Water Level Difference __ 20 Inches.

Data at ! _ ' T
Stations / ,2 3 4 3 € | 7| &

Temperature °¥.
Water Tenmp.

Measured °r.
all

ank Calibration Correction Factor - F. ~-we- cowm

Specific volume of inlet water cu.ft./1ib. --eca--

water flow lbe./8€C. --cccocecuanca- —ememma—— .-
_Water flow cu.ft./min.(measured at iniet) -------
Pressure drop (P2 - P3). lbs./€q.iD. -==c-em=au-aa

Static head between sta. 2 & 3, ft. of inlet fluid .
Head due to inlet velocity (ft. of inlet fluid) - .
Total head avallable (sta. 2 to 3), ft. of fluid .

Test Number . Date

Valve Opening (lift)-- Inches.
Duraeation of test ~---- Minutes.

Water Level Difference Inches.

?E;g%;,‘;! .l lalas |4 |56 ] >]| s
AbsoClute

Pressure, rsla.
Saturation

T De u .Fo
water acng.
Mgaiurgg Ko

a

lsmperature °F.

ank Calibration Correction Factor - F., ---vcca--
Specific volume Of inlet water cu.ft./lb. ~ecece-=
Water flow lUB./88C., ~cccccvcccemccccomcccnncen——
Water flow cu.ft./min. (measured at inlet) --e---
Pressure drop (P2 - Px). lbs./eq. in. ----- cnemaa

Static head between sta. 2 & 3, rt. of inlet fluid
Head due to inlet velocity (ft. of inlet fluid)--
Total head avallable (sta. 2 to 3), ft. of fluid
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COLD WATER #LCw TESTS

!

Date - 4 -7-514-8-514-8-514-8-5 4- #ﬂ:&ﬂaﬂ:mﬁJ
Test Number 200! 201, 202 | 203 : 204 | 205 206 | 207
Valve Openling
_Ll:-lfta), Incnes. 1118 501115 0111501115 ¢1115.1115}.1115 & 115_‘
Duration of = ; i

Test, Minutes S«315!2. 5660.2.640!1.987111.9002.685(4., gg. 75|
Tank Water Level : ; ! éi““_ﬂ”“élz 278
Difference, In. 28 24 | 14 | 15 19 15 293 31
Gauge Fressure, 1
r3l,, Sta. 1 7211 62.5 1625 | 62.,5| 62.5/62.5] 62. d 62.5
Gauge Pressure, P §
rel., §ta. 2 725 6205{6305 €2+48] 62316247 6‘“33 62_,_3__
Gauce Fressure, ‘ : {
ral., Sta, 3 46.1!30.7 52,9 | 41.8{ 25.9, 50.5| 45.9d 31.1
auge Pressure, : _ | ]
psl., §ta. 4 4061343 :54.5 | 44.0 29.7:52.1 48.2 34.5,
3auge FPressure, J H A
rel., Sta. 5 50.9{36.3 55.2 ;| 45.2] 52.0,54.0} 49.6 36.2
Gauge Fressure, T ! .
ral., Sta. 6 51.5!37e¢4 (548! 45.7 337 530! 49.6 37.5
Jauge rressure, ( { ;
rsl., Sta. 7 | ‘ D321 49,7 38,1
Gauge Pressure, ‘ ] : f
rei., Sta. & 51.2|38. 2’54.87§ 46.2! 33.8/54.0] 50.4 38.5
Water '

Temperature °F. | 58.9172. 852.0  63.2| 61.6/66.6| 65.0, 60.8
Specific Volume | B |

of Water 10160 '.01eoa.01605.016 - 01604 .01606.016086; .01604
vater Flow i i |

Lboe. per Second |3.48|3.86 2. 18, 3.13/ 4.12 2.305 2,77 3.79
Water Flow ; }
Cu. Ft./ Minute 13.35 5.72?2.10‘ 3,02 3.9612,23 (2,67 ; 3.656
Fress. Drop - 1 !

Pp - Pz, pal. 26.4!31. 8,10.6 21.2! 3645/ 12.2!17.2 | 31,2
Head Feet of i
Fiuld, (Fp = Fa) [61.0/73.3 124, 5. 49.1184.2/28.1;39.7 ! 72.2
iead Due to Inlet

R e

Veloclty - Ft. 1.6 1240 61 1,3 2,31 .71 1,01 1.9
Total Head
Available 626753 2501 s 50e4] 86.5{ 28.8 40,7 74.1

Notes: _ _
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COLD WATEZR FLOW TESTS

z ! i ;
Date 4-13-4-13' 4-13 4-13, 4-134-13 |4-14 4-14
. |

Test Number 208, 209 210r211 ' 212 ,213 214 | 215
Valve)Opening g

Lift), Incnes <1465 -1465 «1465.1465 _._]_.,651.1465 Q745 .0745
%ﬁration of i L ; {
Test, Minutes 4@-7471-680 1.97d2. 4651.925 2455 2.425 2. 498
Tank Water Level ' I

Dif ference, In. 40 . 16 @15 ;21 | 12 | 19 | 21 | 19
Gauge Iressure, K g 1 i
rsi., 3ta, 1 72+1 72.1;22__9‘1; 721} 72.1 721 172,11 | 72
Gauge rressure, | i ‘
psi., Sta. 2 7007|717 7207 T1e7 | T1e7| 7107|728 | 7127
Gauve rfressure, ! L

Bi.l Sta. 3 40.6:46.9 A5608 :52.1 62« 5156 5i19.6 i Dle.4

auge Fressure, i ' P !
rsi., Sta. 4 43.3,49.0 |58.1 53.8 62.5;57.9 19.3 i 30.3
Gauge Fressure, ? ? §
Dei., Sta. 5 1 44.9,51.1 :58.8 55,3 163.0.58.9[20.3 | 31.4
Gauge Prescsure, | T ; T | R
psl., Sta. 6 45.6:51.3 |59.5 55.5 |63.5'59.5!21.6 | 32.7
Jauge rressure, ! !
pel., Sta. 7 46.6152.5 60.0 56,5 ! 643  60.3 [|22.9 O3 e 3]
Gauge Fressure, ‘ I i
psl., Sta. o [47.8 §_2_.§ 160.0 56.1 | 64.0.60.0125.1 | 33.6
water i

{

Temperature °F. .60.3' 60 3 51 5 ,51 O |61.0/51.0]57.0 | 57.
Specific Volume 5 |
Uf Water .0160 120160 .omso «.0160 +0160 s0160 |.0160 ‘0160 |
vater prlow :
Lbs. rer 3econd *4.39'3 92 3 13  3.51:12,57,3.19 3.57 3.14
water Flow H : :

Cu. Ft./ Minute ;4.22. :5 77 3.05 L:s.zss 2.47/3.06 | 3.43 3.02,
Iress. Drop ‘ :

22_,_.. PB, psl. 3001A2409 15.0 ' 19.86 9013__“‘_]_._5*02 25. M
iead Feet of ’ { ’

Fluid, (Pp = Pz) 69.5-57.§_§4.5 45.3|21.4!35.2 /120.7 __QT
ltead Due to Inlet { ~ “7 ]
Velocity - Ft. 2. 6L 201 1.3 | 1.7, .9} l.4

Total Head
Ayvallable 72 1{59.4 35 8 47 0122.3:36.5 {122, 4.3,

i
B

]

§

Notes:
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cCLD WATER #LCw TESTS

T I ) ]
i | . | _

Date 4-14 '4 14 ' 4-1414 gg 16; 4-16; 4-19!/4-19
Test Number 216 5?17 218 ;219 17220' 221 | 222 223
Valve Cpening H BB
({l1fy), Inches _,0745m0745 0745 0745.0745,97§§*.035!.035
Duration of ! ; :
Test, Minutes 2. '71.3‘3 5954 0525 405A 5906.244 4. 37526086
Tank Water Level ‘ { ;
Difference, In. 18 19.13 17 ;. 17 1S5 17 12 | 13 ]
Gauge Fressure, ]
psi., Sta. 1 72.1 | 72, 1~72.1 72.Y 72.1 72.1 72.1]72.1
Gauge Fressure, - I
rsi., Sta. 2 72.0 172.2'72 BJ 72.8 T72.8 72.8 72.2;7212w
Gauc,e Fressure, { ;
rsi., Sta. 3 41.0 52.9 60.0 658 65.) 67.6 60.'75149.__@‘_1
auge rreassure, ] a
Eei., Sta. 4 40.9 SQ.Q‘LGO.O 655 65.q 67.0 6100L5004
Gauge Fressure, ; ; ) §
psl., Sta. 5 41.2  53.3.60.0| 65.8 65.2 67,8/ 61.1.51.9]
Gauge Pressure, | | § i
rel., Sta. 6 41.8 | 53.1{ 60. 0? 65+5{ 65.3 67.4!61.5!51.8 |
Jauge rressure, I T |
psl., Sta. 1 42 . 7 54 OJEO 5 66.4, 66.1 €68.6 6201:5207
Gauge Pressure,

rsl., Sta. & A443 3 §§_z*61 Ou 66.0, 66.0 68.0] (-3,‘;:_-_@-‘3__2,_@_1
water

' !

Temperature °F. i53.3 53. 5;53.5: 53.3 62;Qf62 X 52.3, 52.3
Speclific Volume ; i 1

Jf Water +0160,L0160 ~.016O .0160 OlGOl.OIGO 0160 .0160
Water Flow . N , T
Lbe. per Second :2.73 {2.19 1.724 1 295].3451} 12 a.066ﬂ.485
water Fiow

Cu. Ft./ Minu.e

.625 2,105 1 .657 1.245.1 293 h.o'rs 1.026‘1 429
Fress. Drop H t

\ |
Po - Pz, pel. 31.0 19 4 2.8 7 0 |7.7 11 5 22.4
Head Feet of

Filuld, (Pp - Fx) |71.7 44 7;:9 5 35.1 17.8111.9 ' 26.5| 51.6

g

FUT S Y

= .

head Due to lIniet l

Velocity - Ft. 1.0 0.6 ! 0.4 io 2 | 0.2} 0.2 0.2 0.3
Total Head

Avallablo 72.7 45.3 bg 9 16.3 !18.0[12.1 | 26.6| 51.9

Notes:

i s i e e o e —— e e e it e e o o =
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CLLL WATER FLOW TLETS

e e e T v g o, -r—__ YT T e e e —

|
Dute 4-19 4-20 4-20[ 4- 20 4-20 4-22 ja-22 4-22]
Test Nuaber \_h_w_gg_g_i__} 225 . 226 ; | 227 ' 228 ' 220 230 | 231 j
Ja ve *-Denlr* o [ A S N A

Lift), Incres  |0.0350.085 o.oss . ossio 035 .1825:.1825 .1825J

Duration of :
Test, Minu tos 2.4153 06'74 1863 1353 9645.249 2-4462 3204

oy ____—....M _,_*_‘ ————

lank water Level ; | l

r;gr:renci. 1n. _,_,}Li 18 '24 o5 ?»Q.,Jh._l.e__‘_l.? .5, _11_;_?19;'
Jauge rres sure g
'3*_4 Sta, 4 ] zg~l472.1 72.1 84 1'84 1 72 1. 7341”«2%9£
Jau_e :iessure, i ";
D3l., Stu. e .1 72.2; 70 8: 70 7 83, 5 _B4. 1 72.3¢]2 2 71.7
aaus e lres°ure i i
rsllj Sta, 2 38. 5‘27.3‘15 6 10.2?51 8 66 6{62 5 56.8
A e e ~~~——r--—~-~-9
sauce F”eﬂsur §
9‘31 Sta. 4 Ligg l 17 9, 2;;% 6527 66.6 6304 S8 g9+
JTauz e Fressure, |
21., Sta. s 30, 8 29.0. 19 2, 22, 5 54.8 67.3;64 O . 595
Shuse ??es ure, 7
L}*LLﬁida ﬁyw_“w*40 8 SQNQ 20 8 25.5 56, 1 §Z:5 64-4 60.@
TE UK E -res IUdre,
sl dta., 7 41, 7'51 9 22.4 26 . 7 55.3 675! 64.8..61.
Jau~é~}re£sure, * SIS e ﬁ
""‘l Sla. o 4108 3106 22 5 2606’ 55 6' 67 0164 0 60

‘\duCr'
Leay Lperature °F, | 52, 3 52 o3 | 52 8 66. 9‘ 66. 9 68-5{68 5 S3. 5

‘eci fic Volune J
=L Wy Ler - .0160 .0160 00160 oOlﬁO J.01601. 0160 .0160 001§_.Q__4

hater Fiow

208, rer econd 1. 8’76.2.150 2.410 2.625 .867?2.220} 8656.550!

water Flow

sa- £t/ Maue [l eos 2.070; 2.:515 2.5:501 800/2.140 2.'760 3. 415
f.Pui ro: T R

iz = Fa, a1, 133, 7 43.5 . 5B, 1 64.3 32.31 5.7 9.7 15_g
.ead réetl of

£iutd, (fo - E2) | 777 105.012'7 1148.8] 74,1 13:L%L ag,d

..ead Lue to Inxet 2

se‘DC‘lt‘Y =_Ft, O. 5 0.6 O, 8 _ O 9+ 0§ O Z Lgﬁ _lg_?__‘
MLal ead
svailinie 78.2105.6.127.9 149.7, 75.0 1.8, 23.8] 36, d

wotes: _ T e e
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COLD WATER FLOW TESTS

’ B

| ; |
Date 4-22 |4-22 | 4-25| 4-254-22 | 4-25 4-23| 4-23
_ i !
Test Number 232 | 233 | 234 | 2385 236 237 | 2358 239
Valve Cpenling i ) _
Qlf'b),_ Incines 1825 .1825;-1825 0 1825 1825 (41825 {307 OQ_Q_Z
Duration of B
Test, Minutes 2,893 |1.8262,8812.515 1,789 {3,182 [3.432/2.349
Tank wWater Level .
Difference, In. 25 [21. 28 . 28 22 39 17 21
Gauge Fressure, ;
ESi.l Sta. 1 72¢1 (721 72.1‘; 726117241 72 72;_1_.[ 220_.];4
Gauge rFressure, T
psi., Sta. 2 71.7170.7 | 71.2 71.2!70.,7| 70.9 72.8! 71.7
Gauge Fressure, i
si., Sta. 3 S57.2 145.7 52.5} 46,5414 41.3 €69.2| 60.9
auge Pressure, |
ggi., Sta. 4 5962 (47¢4 | 55.0 49.8/45.2| 44.9 69.5 62.5
Gauge Pressure, !
Rai .o Sta. 5 50.7 49.1 573! 52.6 4701 49.1 i 6309
Gauge Pressure, 4 T
psl., Sta. 6 60.1:149.9 68.8 53.9/47.7 50. 7061} 64.7
Jauge Iiressure, '
psi., Sta. 7 807 508 | 65901 5445/48.2| 50.8 71.2/ 65.4
Gauge Fressure, , ﬁ
vsl., Sta. & 6101508 ; 58.6/ 54.2/48.3| 50.8 70.2| 65.0
Water o
Temperature °F., (50+0!51.0; 55.0 51.5[49.5{ 630 51.0 49.5
3pecific volume i 1 : 1 ; 1
uf Water 20160 i.O 60 0160 +0160:!40160 | +0160 0160} 016
water Flow | i !
Lba., per Second i3.560i4.750 4.0004.580:5.0706.060/2.0405 .690]}
water Flow ! ‘
Cu. Ft./ Minute +42514.570,3.850 4.4204.880{4.870]{1.9635 «550
Fress. Drop | ;
_Ea - P:l-..fé}_.? 140612500 1809}_ 2407 2905 2906 306 10_08
Head reet of ? L
Fluid, (P2 - Fz) [33.6i57.8 43.2}57.2 67.6168¢4 | B4s3 | 25,1
t ' ;
Veroctie et 47l 5.0 2.1 2.8) 3.4| 3.4] 0.6 1.8
Total Head : ? U
Availabie 15563160.8 | 45.8 60.0{ 71.0;71.8; 8.9 | 26.9

Jotes:
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CULD WATZR FLOW TESTS

Date 4-25 | 4-23| 4-23| 4-25/4-26 | 4-26| 4-26|4-26
Test Number 240 | 261 242 | 243 244 245 | 246 | 247
Valve Cpening i i plug plug | plug|plug

{Lift), Incues. |¢307 o307 | .307 «307.0ut |out | out |out
Duration of ! 1 T

; !
Test, Mlnutes 012 2.779 ?2-65212.323 2.64712.175{2.8 «429
Tank Water Level i {

" Difference, In. 21.6 33 ! 35 34 | 19 18 30 39
Gauge Iressure,

rsi., Sta. 1 721 172.1 72.1: 721 :726) T2eli 7241 '720’].__4

Jauge rressure, ; _

rsl., Sta, 2 71e3 (70.8 7004;6907 728 729 72.6{72.4

Gauce Fressure, f

p3i., Sta. 3 565 (5240 | 47.1,41.7167.9| 66.4| 62.0 60.1“
auge Fressure, ' |

psi., Sta. 4 587 (44.3 | 50.5!46.0:68.2 ! 6647 653.6| 619

Jauce Pressure, : 1

pa1., Sta. 5 6045 47,1 | 54.4/50.1.69.8 | 68.3| 65.2) 63.8

Gause FPressure, ; )

rel., Sta. 6 61.9 59,1 56.Qi52.1 695 | 68.6] €6.3|64.8

Jauge iressure, ,

vsi., Sta. 7 624 160+0 | 5645, 52.8!70.4 | 69.2| 66,4!65.4

Gauge Iressure,

pel., Sta. 8 1624215945 | 56465247695 | 68.7] 66.0|65.0
dater R ) *

Temrerature °F. |49+5 49.5 | 495  81¢5(75.5 | 75.5 54.0] 51.0
specific Volume | 1 L i 1 L 16 160
vf Water 160160 ;.0180 (0 60.,.,0160 : L0160 00169 20160! 016
Water Flow | i ‘ i

Lbe. per Second 4.410i4.9005.4406.0202.955|3.410/4.3704.680]
water Flow g M {

Cu., ¥t./ Minute L4’20 4 .720 50%0150%20845 3.285 4.2014.510
fress. Drop { g

Pp - Pz, rel, 14.8 11848 | 23.3. 28,0] 4.9] 6.5 | 10.6{12.3
Head Feet of { ' H
Fiuld, (Fp = Fz) 134.]1 434 | 53.8,64.6[11.3 1150 ;: 24 .4} 28.3
iiead Due to Inlet i }

VOlOClg - Ft. 2.65 3.2 4-0_1 4.9 0.4 Oe5 O.9 1.0

Total Head ?
Available !36.7 14606 57.8 69¢5i{11.7 15.5 25.3 29.374J

Notes:




147

COLD WATER FLOW TESTS

3 ! ! i
Date 4-26: 4-26: '

f i
Test Number 8249 | :
Valve Cpening Plug ; Plug,
(iLift), Inchea out out
Duration of g
Test, Minutes 2.8162.578 L
Tank Water Level r
Difference, In. 38| 39 !
Gauge fFressure, ]
rsl., Sta. 1 721 | 72.1
Gauge i'ressure,
psi., Sta. & 724 | 7242 N
sause Fressure, & ‘
psi., Sta. 2 55.2 | 515!
Gauge Pressure, | ;
psl., Sta. 4 57.1 { 63.7 I
sauge Fressure, !
rsi., Sta. 5 602 | 5645 1 ) N R
Gauge Pressure, H j B
rel., Sta. 6 6l.9 5808:
sauge iressure,
Dsl.,‘Sta. 1 62e1 595
Gauge Fressure, ’ !
rsi., Sta. 3 62.2 | 592, | —_—
Aater ;
Temrerature “F, 500 ! 50,0, 7
Speclfic Volume : T |
+f Water «0160 {0160 | L
vater Flow : | i
Lbs. per 3econd 5.5606.240 ? i 1
water Flow o i
Cu. Ft./ Minute ;5.3406.010 P
Fress. Drop |
Fo - P2, psi. 17.1 ( 20.7 i
Head Feet of H ©
Fiuid, (Fp - P%) 39¢5 . 47.7!
itead Due to Inlet ) i
Veloclty - Ft. 1'45 1.8
Total Head ) : 1
Available 40.9 | 49.6 ; | S

Notes:
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