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ABSTRACT

Seventeen square-eﬁged orifice plaﬁes were calibrated to study the effect
of varying throat length, both in thé absence and in‘the presence of geomet-
rical similarity, on the coefficient of discharge for pipe Reynolds numbers
from 20 td‘l0,000ﬂ} The experiments involved the usé of hydraulically smooth

pipe in test lines of 1 -'inch, 1.5 - inch and 2 - inch nominal I.D., cormer

{

pressure taps and Beta ratios (orifice diameter/pipe diameter) of 0.2, 0.k and
0.6, | | |
Six of the plates were built using des;gn criteria recoﬁmendéd by the
A.S.H.E. in "Fluid Meters" (1), andiw%th Beta ratios specified at Ooh» Each
test line was used with two plates, wﬁich wére identical except for a variation
~ in throat length within the range of the given design recommendatiqns. A
comparison of discharg§ coefficieﬁts as a function'of pipe Reynolds number
indicated the following:
(1) Reyﬁolds nurbers 30 - 3,000.
Consistent differences of 2-6% were observed in the calibration
curves due to the variatioh in throat length allowed by “Fluid Meters".' (1).
(2) Reynolds mumber 3,000 - 10,000.
Geometry appeared to be much less important, as all calibration

curves tended to coincide.

fwo further plates, faf the 1.5 - inch pipe only, were built using the
A.S.M.E. 9Power Test Code" (2) as a design reference, They were designed to
have respectively the minimum and maximm throat length allowable under the
code. The results, when plotted, indicated that in a pipe Réynolds number
range oftho - 1,500, élates built identically except for small’ differences

in throat length, still'gave distinguishably different calibration curves.
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The remaining nirfe plates were d.ivided into three groups of three
plates each,‘encompassing the three pipg diameters and three Beta ratios.
All plates within a gfoup were geometrically similar. The results, for
pipe Reynolds mirﬁbers from 20 to 2,000, indicated that-a total specification
of orii‘icé shape gave consistent calibration curves with no apparent absol-
ute size effects., ‘

" Thus, both "Fluid Meters" ‘and the "Power Test Code" recommended design ‘
critefia for standard orifice plates which do not \complet,ely take into |
account the effect of gebmetry on the coefficient of dischargé at low
Reynolds numbers. In particular, the tolerances allowed on throat length

are too large,
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INTRODUGTION

Qver the‘past fifty years, a great deal of research has been concerned
with the thin‘pléte orifice meter. The characteristics of the calibration
curves have been explored by many workers (5, 9, 10, 16, 17) over a very
wide range of Reynolds Nﬁmbers. Hereafter, Reynolds numbers based on inside
pipe diameter will be abbreviated Rep while those based on the orifice
diameter will be abbreviated Red. "It is well known that at high Reynolds
numbers, which in this study means Reynolds numbers based either on pipe
diameter or orifice diameter greater than 1C,000, the coefficient of dis=~
charge is very nearly independent of both the Reynolds number and the dia-
meter ratio Beta. However, at a low Reynolds number (Rep or Reg less than
10,000), the coefficient of discharge appears to be a function of Repy or
Reyq, Beta and a shape facicr (6). It is the effect of the shape factor on
the coefficient of discharge in the low Heymolds number range which is the
primary concern of this study.

A review by Iversen (6) in 1954 attempted to standardize discharge
coeffidiénts over this range by compzring the results of sixteen invest-
igators who calibrated orifice plateé at. Reynolds numbers (Rey) or Red)
between L and 50,000. However, the two different Reynolds numbers used by
different authors? and the variability of pressure tap location and orifice
plate design, made a direct éomparison of most of these data unenlightening.
The largest source of reasonably comparable data was that in which the ex-
perimenters used corner pressure taps. These data were recalculated using
a consistent discharge equation and ltep, and plotted for‘Reynolds numbers
from L to 10,000. Unfortunately, deviations from the mean curves increased
from C.5% at Rep) = 10,000 to hetween § and 10 at Rep = L. Iversen concluded
that"the essential requirement for the specifiéation of standard coeffieijents

for orifices in the low Reynolds number range appears Lo be a complete

~



specific standardization of the orifice shape, not merely upper limits to
the size of throat width and of plate thickness",

The American Society of Mfchanicél fngineers has published (1, 2)
standard discharge coefficient data for commercial pipe, 1.5 inches I.D.
and larger, covering a range of Rep from 1,000 to 1C,000,000. The pub-
lications include data‘for corner, flange, vena-contracta and pipe pressure
tapes for Beta from O.i to 0.75. For such data to be accurate, standard
orifice meters must be built according to design specifications also found
in (1, 2). Tt is of interest to orifice metér users to fully understand
the implications of using both standard calibration data and standard design
criteria at low Reynolds numberc. Their ﬁse implies that variation of

orifice meter shape within the upper and lower limits allowed by the design
has no measurable effect on the discharge coefficient. This assumption has
been amply juétified for Reypnolds numbers greater than 10,000 (5, 6, 8, 9, 1kL).
However, for Reyﬁolds numbers smaller than 10,000, evidence of an effect of
geometry on the coefficient of discharge has been showvm (10, 16, 1l).
Ambrosius and Spink (10) reported discharge ccefficient data for Re 4
from 4O to 10,000 and Beta below 0.75, using flange pressure taps. - Tﬁe
orifice plates were of standard A.S.M.Z. design, with a variety of orifice
throat lengths and plate thicknesses, and were installed in 2 - inch, |
3 - inch and L - inch nominal T.D. commercial pipe. Coeflicients of dis-
charge'when compared at equal Betas for the three pipe sizes, did not
correspond. This may be seen for the 2 - inch and 3 - inch pipes in ?ig. 1,

taken from the original paper,
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Each pipe size appears to give a separate set of calibration curves. The
authors éuggesbed that the lack of geometric similarity due to the use of
commercial pipe, the variation in orifice shapes and the use of flange

taps caused ths calibration curves to vary appreciably with pipe diameter

for any given Bsta.

A more specific geometry effect was obse;ved by Thrasher and Binder
(16), who studied the effect of orifice throat lengtb on the coefficient of
discharge using Betas of 0.2, 0,5 and 0,7 and a Rey range of 2,800 ~ 80,000,
Their work indicated that if tﬁe orifice throat length was keﬁt smaller than
1/40 of the inside pipe diameter, no effect of the pipe diameﬁer would be
observed. Also, dischirge coefficients increased with orifice throat lengths,
the greatest increase occurring at the largest Beta and £he smallest Reynolds
rmumber., The preceding generalizations were based on graphs obtained from
the original paper and recorded in Fig. 2.

Galloway (1L) designed and built two orifice meters in accordance with.
the design recommendations contained in (1), for use in 1.5 and 2 - inch
nominal I.D. copper water pips. All dimension ratios between the two meters
were approximately equal, except for the plate thickness to inside pipe
diameter ratioc. In calibra}ing these two plates, Galloway found that the
two curves of discharge coefficient as a function of Rep were coincideﬁt
over a range of Rep from 800 to 30,000. Below'SOO, however, two separate
curves were observed, with consistent differences in discharge coefficient
between the two plates of 2-3%. The pertinent part of Galloway's data,
obtained from his Ph.D. thesis, is recorded in.Fig° 3. Galloway concluded
that the two curves resvited from the geometric dissimilarity of these two
orifice plates,

The present investigation was conceived as an attempt to extend the

general usefulness of standard orifice plates to Rep of 100, and to gain
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some understanding of the effect of geometry on the coefficient of discharge
at low Reynolds numbers. This was accomplished by designing and calibrating
standard A.S.M.E. orifice plates and observing the effect on the discharge
coefficient due to geometry differences. These differences could then be
eliminated between orifice plates if they were built with exacting geometrical

similarity.



EXPERIMENTAL
I Apparatus See Fig. L

a) Ceneral

The purpose of the experimental apparatus was to circulate water or
a solution of polyethyleﬁe-glycol and water (known hereafter as FPEG), at a
constant hydrostatic head, and constant temperature, through a test section.
The solution was thei'x returned to a supply tank for recycle,

The apparatﬁs consists essentially of three flow loops connected in
parallel. Loop 1 includes the primary centrifugal pump and the heat ex-
changer. A globe valve, situated at position 11 in Fig., L, controls to a
major degree the pump discharge pressure, which in turn, controls the rate
at which fluid 1s pumped into the constant; head tank. Loop 2 returns over-
flow fluid from the constant head tank to the main supply tank by means of
a small gear pump and an overflow tank. Loop 3 supplies fluid to the test
section and the weighing station (see Fig. L), flow being controlled by
valve 21, At the completion of a run, fluid collected in the weighing tank
is pumped to the main supply tank.

b) Pumps ’

A Peerless, Model B centrifugal pump supplied the prima.ry motive power
for the flow loops. Its design capacity was 150 U.S. gallons per minute
against a 70 foot head. It was run by a 7 1/2 H.P. 3-phase constant speed
A.C. electric motor.

A second centrifugal pump, Lemco Model FL 1 1/, emptied the weighing
tank after each experimental run. It was driven by a 1/2 H.P. single phase
A.C. electric'motora

A small gear pump, & WOfthington Model 11F165B, emptied t;l';e overflow

tank. This pump, which was powered by a 1/ H.P. single phase A.C. electric
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(1)
(2)
(3)
(L)
(5)
(6)
(7
(8)
(9)
(10)
(11)
(12)
(13)
(1k)
(15)
(16)
(17
(18)
(19)
(20)
(21)
(22)

(23)

Key to Figure .

Multi-plafe'flow straightener 1 - inch line
Multi-plate flow straightener 2 - inch line
Multi-plate flow straightener 1.5 - inch line
Control valve 1 - inch line

Control valye 2 - inch'line'

Control &ahei 1.5 =~ inch line
Orifice assemgiy 1 ~ inch line
Ofifice.assemblj 2 - inchlline

Orifice assembly 1.5 inch line

Constant head tank

Contrél valve in heat exchanger loop

Heat éxchanger

Primary pump

Overflow tank

Secondary pump ;o empty overflow tank
Check valve

Supply tank - 100 Imperial gallons
Secondary pumpgto empty weighing tank

Beam balance scales

Weighing tank

Control valve

Thefmocouplé'S

Thermocouple L on the heat exchanger loop and

thermocouple‘é on the control board

10
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motor, ran continuously.

c) Heat Exchanger

Temperature control was provided by circulating cooling water through
a single-pass shell-and-tube heat exchanger mounted above the primary pump
outlet. | |

d) Tankage.

A 100 Imperial gallon glass-lined supply tank, a 50 U.S. gallon
aluminum constant head tank, a 50 U.S. gallon aluminum overflow tank and a
50 U.S. gallon steel weighing barrel were used in the experimental apparatuao‘
The steel bgrrél was tygon-coated inside prior to use, to ensure a non-
corrodat’e snrfaces The other tanks were chemically inert to the experimental
fluid.

e) Piping

Both 2-inch and 3-inch nominal diameter Type L copper water pipe was
used throughout the main flow loops of the apparatus. The test section,
which will be'described in greater detail subsequently, contained 1 - inch,
1 1/2 - inch and 2 - inch Type L copper water pipe. All joints were soldered,
A glass window, installed by a previous worker (1k), ensufed that no undes-~
irable entrained air passed through the test section during a run. Venting
was allowed for at the top of the heat exchanger loop, and in each orifice
flange in the test section,

f) Design of Orifice Plates

Seventeen orifice plates were designéd and built to carry out the ex-
perimental program. Design criteria for the Standard, Sharp and Special
piates can be foundlin "Fluid Meters" (1), and in "Flow Measurement, Power
Test Code" (2). This information is summarized in Fig. S along with design :
informatipn~for the géometrically similar (abbreviated G.S.) orifice meter

series and the slit width, tg, for the corner pressure taps. Specific
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FIGURE 5: SUMMARY OF ORIFICE PIATE DESIGN CRITERIA




dimensions for each orifice plate afe contained in Tables 1 and 2.

Six plates, three each of the "Standard" and hSharp" types, were
constructed of 1/8 - inch brass plate. They were designed with
reference to (1), the more important geometric specifications of
which are contained in Fig. 5 (a).

Two further plates, Special 15 and Special 30 were designed with
reference to (2). 1/8 - inch brass plate was again used; Fig. 5 (b)
specifies their geometry. (

The final nine plates, the "G.S.' series, were machined from
2 3/L inch brass bar s£ock. Design criteria were based on the
reguirerents of reference 1 and geometric similarity, as illustrated
by Fig. S (c).

Pressure drop was measured in the orifice flange by corner

taps. A schematic drawing of their design is shown in Fig. 5(d).

13



DIMENSIONS OF G. S. ORIFICE SERIES AND ASSOCIATED EQUIPMENT

1
1 ',

TABIE 1

g e e e @ e ameear

Orifice Type G. S. Beta = 0.2 G. S. Beta = 0.l G. S. Beta = 0.6
Inside diameter of pipe | 1.0232 | 1.0232 | 1.0232| | 1.5058 | 1.5058 |1.5058 || 1.9851 | 1.9851 | 1.9851
orifite diameter 0.2032 | 6.L079 | 0.613L| | 0.3012|0.6027 |0.9011 || 0.3969 | 0.79hk | 1.1912

df dig. | 0.158 | 0.399 | 0.599 | | 0.200 [0.399 |0.558 0.200 | 0,400 | 0.600
Orifice throat length 040339 0.0300 | 0.0339| | 0.0h72 | 0,0k39 |0.0L7L | | 0.0586 | 0.,0595 | 0.,0602
D651;%,t§géat length 0.0320 6.6326' 0.0320| | 0.0L7L 0,071 [0.04TL | | 040620 10,0670 | 0,0620
.Ratlgl/ziig ié°._ 0.03L2 | 0.0293'| 0.0331| | 0.03L4 | 0.0292 |0.0339 | | 0.0295 | 040299 | 0,0303
Orifice plate thickness | 0.06LL 0.06LL | 0.06LL| | 0.0932 0.0933 | 040939 0.1257 | 0.1253 | 0.1272
Desizﬁ’ Late thicknsss 0.06L0 | 0.0640 | 0.0640| | 0.09k1 0,091 |0.09k1 | | 0.12L0 | 0.12k0 | 0.12L0

,‘Ratio‘t26 P 040630 | 0.0630 | 0.0630| | 0,0619 | 0,0619 |0.0619 | | 0.062L | 0.0633 | 0.06k0

Width of slit, } 0.02045| 0.020L5 | 0.020L% | 0,0301 | 0.0301 |0.0301 | | 0.0397 | 00397 | 0.0397
DesicS’wiath of slit 0.020L | 0,020l | 0.,020L | 040301 | 0,0301 |0,030L | |0,0397 | 0,0397 | ©0,0397
Ratio” 223b1n° | 0,020 | 0.020 | 04020 0.020 [0,020 |0.020 0.020 | 0,030 | 0,020
'Entrance length, Ll, in,' 85.13  [85.13 85.13 88.56 PB8.%6 8.56 39.87 [89.87  |89.87
Ratio Ly/D 83.2 83.2 83.2 8.8  B8.8 .8 L5.3 L5.3 L5.3
Exit length, Ip, in.  [39.8 [39.5  [39.56 | 18,75 |8.75 8.7 | [i8a7s - leurs s.rs
Ratio Ip/D 32,96 [32.96  |32.96 | B1.6  Bl.6 1.6 29.6"  [2k.6  [2L.6

1



DIMENSIONS OF STANDARD, SHARP AND SFECTIAL ORIFICE SERIES AND ASSOCIATED EQUIPMENT

TABIE 2

Orifice Type Standard Beta = 0.l Sharp Beta = 0.h Special Beta=0.l
Inside diameter of pipe 1.0232 | 1.5058 | 1.9851 1.0232 | 1.5058 | 1,9851 1,5058 | 1.5058
Orifgée di;;éter 0.L09 | 0.616 | 0.795 0.411 | 0.613 | 0.793 0,605 | 0,603
Betad’ digo 0,400 0,403 | 0.400 0.L01 0.407 0.402 0.402 ‘o.u01
Orifice throat length 0.0268 | 0.,048L| 0.0587 0.0 0.0 0,0 © 0.0166 | 0.0299
Rat;i’ tltg. 0,0262 | 0,0320 0,02§6 0.0 0.0 0.0 0,0110 | 0,0230
Recommended Maximum, in. 0,0342 | 0,0502 | 0,0662 0.0 0.0 0.0 ———aaa 0,0301
Recommended Mir_ximum, in. - . —— ——— ——— —— 0,016l | ~~mem
Orifice plate thickness 0.121 0,125 | 0.124 0.124 0,120 0.127 0,1240-| 0,122
Deszéﬁ plat:.thickness, in, 0.125 | 0,125 | 0,125 0.125 | 0.125 | 0,125 0,125 | 0.125
Ratio tp/D 0.119 | 0.0795| 0,0619 0.121 | 0.0798 | 0,06LS 0,0823 | 0,0810
Width of slit 0.020L| 0.030L! 2.0397 0.020L | 0,0301 | 0.,0397 0,0301 | 0.0301
Desizﬁ widig.of slit, in, 0.020L| 0.0301 0,1397 0.020L  0.0301 | 0.0397 0.0301] 1.0301
Ratggozzs/%n' 0,02 0.02 | 0,02 0.02 0,02 0.02 0.02 | 0,02
Entrance length, Ly, in. 88.56 | 88.56 |88.56 88.56  BB8.56  |B88.56 88.56 [88.%
Ratio L1 /D '58.8 58.8 5848 8.2 58 8 58.8 58.8 58.8
Exit length, Ip, in LB.75 | LB.75 |LB.T5 L8.75  B.75  |LB.TS L8.75 |L8.75
Ratio Ly /D 31.6 31.6 (31,6 31.6 31.6 31.6 31.6 |36

ST
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g) Test Section See Fig, 6

Thg test §ection consists of three parallel horizontal test lines made
from 1 -~ inch, 1 1/2 - inch and 2 - inch copper water pipe. Each of the test
lines contained the following componentss |

(1) Globe valve

(2) Multi-plate flow straightener

(3) Calming section

(4) Orifice flange assembly

(5) Exit section

(6) Thermocouple well

In working out the design for the test section, there was some question
as to the positioning of the wmltiplate flow étraighteners. Sprenkle (7)
recommended installing them approximately eight pipe diameters upstream of
the orifice plates for turbulent flow. Galloway (1h) concluded‘that his
discharge coefficient calibration curves had the least scatter at 8 1/2
diameters upstream, Unfortunately, due to technical difficulties, it was
virtually impossible to build the flow straighteners geometrica]iy similar
to each other. Hence, there was no guarantee that the velocity profiles
produced at the orifice plates would be identical for different sized pipes.
Therefore, it was decided to install ihe flow straighteners immediately
following the globe valves in each line. It was reasoned that the flow
profilgs'uould then, in all probability, be fully developed in traversing
the caiming section.

Empirically, the situation is as follows: For laminar flow, assuming
a flat velocity profile at ﬁhe entrance, the following equation (8, 13)
predicts the approximate length of straight pipe required to produce a

fully developed velocity profile

Xy /D - 0.05 Rep (1)
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. SCHEMATIC DRAWING OF THE TEST SECTION

FIGURE 6:
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Key to Figure 6.

Control valve.

Multi-plate flow straightener.
Orifice flange vents.

Pressure line to manometers.
Orifice assembly.

Thermocouple for 1 - inch line.
Thermocouple for 2 - inch line.

Thermocouple for 1 1/2 - inch line.
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In turbulent flow, an entrance length of from LO to 50 pipe diameters is
considered sufficient to produce a fully developed turbulent velocity
profile (3). A comparison of the theoretical requirements with the actual

entrance lengths is supplied in Table 3.

TABIE 3

Comparison of Actual and Theoretically Maximum

Entry Lengths for Laminar and Turbulent Flows

Nominal Pipe X X+ ' X
Size in, D D D
Actual eq. 1 turbulent
Rep = 2100 Rep > 2100
1 " 83,2 105 4O - S0
1.5 " 58 .8 - 105 Lo - 50
2 n h5°3 ' 105 ho - 50

Obviously, for Reynolds numbers greater than 2100, assuming turbulent flow,
there is sufficient entrance length available. However, for Reynclds .
numbers close to but less tﬁan 2100', not even the one - inch pipe provides
sufficient entrance length for a complete profile development;

According to Sprenkie (7), however, the multi-plate flow straightener
produpea a well rounded velocity profile immediately downstream. It is
therefore reasonable to assume that this rounded rather than flat starting
profile should radically shorten the entrance length necessary for a fully
‘developed velocity profile,

A minimm of 25 pipe diameters was ;recommended by the A.S.M.E. report
on Fluid Meters (2), for the exit section. All three flow lines satisfied

this requirement.
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Working drawings of the multi-plate flow straightener and the orifice

flange assembly for the 1 - inch test line may be found respectively in
Figs. 7 and 2. Drawings for the 1.5 and 2 - inch test lines are contained
in réference (1lL).

h) Pressure Measurement

Differential pressures were measured using one or wore of four

U-tube manometers. A description of each follows in Table L.

TABLE L

' : DESCRIPTION Of THE HMANOHMETIPMS

No. - Type ' Liguid Length

Tl | U-tube upricht . Hercury 75 cm.

2 U-tube inverted Adr 180 cm,

3 Uf.t'gbe‘ np’rigjht ¢ c1), 52 cm.

4 - ULtube inverted CeHg 150 cm.
f .

The manometers were connected to the orifice {langes by 2/% - jnch

!

Q0.D. copper tubing. Pressure hea! differerces were measured by means of

a cathetometer te 0.005 inches for the first 130 runs. Tor the remaining

runs, differential heads were measured to'0.05 ca. without spécial viewing

equipment. . )

1

i) Temperature Measurement - Seec

w

ige L and Fig. 5.
Temperature was measured using six c¢opper-constanian thermocouples
and three research qu2lity thermometers. The six thermocouplas and

thermometer #1 were calibrated against Platinum Resistance Thermometer
#16931L. The other two thermometers were calibrated using thermcmeter
#1 as a standard. A Leeds and Northrup # 8562 Portable Precision

Potentiometer, with external Standard Weston Cell ¥ 1156Ll, was usedito
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measure thermocouple E.M.F. This was the same equipment used originally to
calibrate the temperature measuring equipment. &

‘ "Thermocouples 1, 2 and 3 indicated fluid temperatures at the orifice
meters. Thermocouples L and 5 {neasnred, respectively, the heat exchanger
'loop and the upstream header temperatures.

Thermocouple # 6 and thermometer # 1 measured the temperéture at the
control board, The remaining thermometers, # 2 and # 3, were used res-
pectively ih the density and viscosity measurements of the fluid samples
removed during a runo

Temperature control was maintained in the flow loop b& two methods,

One method was to compare the E.M.F. of thermocouple 6 with the E.M.F. of
one of thermocouples 1, 2 or 3, depending on which test line was being used,
on a Scalamp galvanometefo‘ Temperature could be maintained within 0,59F.
using this method, as long as room temperature fluctuations remained small. -

Howaver, due to large temperature variations during some days in the
summer, the above method could not always be used. In this ;ase, the
cooling water rate was set at a reasonable level and the fluid temperature
was alloéeq to véry slowly with room temperature. This method also gave
good resul£s, a8 the temperature change for any one run was always small,

A non-weighted average of from 3 to 7 E.M.F, readings over a run was accépt-
ed as the correct temperature measurement by both methods.

j) Weighing.

A platfc.;m scale, with a capacity of 500 pounds, was used for all the
calibration runs. - This scale was last calibrated by Galloway (1L) in 1963,

and found to be accurate to ¥ 2 oz. over its entire range.
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IT Viscosity and Density Measurements

The first 130 runs were carried out using tap water as the test fluid,
Densities and viscosities were obtained from reference (18), assuming the
physical properiies of tap water were very nearly those of distilled water,
For the remaining runs, one-litre samples ofvﬁhe test fluid were removed
from the experimental apparatus at the beginning and at the end of each
day's experimental runs. Appfoximately 150 ml. was set aside for visco;ity
measurements. The remaihder was used in the density determination.

a) Viscosity

The kinematic viscosity measurements of the samples were carried out
by means of two Cannon - Fenske precision viscometers, C-S‘and‘C-Bo
Normally, four duplicate readings,were taken for each sample:over a temp-
erature range of 70 - 80°F,

To obtain the viscosity of tﬁe fluid for a specific e;perimental run,
the following procedure was adhered to.
(1), Thefviséosity.was piotted as a function of temperature for each of the
two sampies on arithmetic g‘raph ﬁaperu
(2) Tw0'iines ﬁhich appeared to best fit £hé datarwere'dyawn through the
two sets of points.
(3) This graph was entered with the average témpefature recorded at the
orifice for the specified run 'and the "run nu;nber.
(L) A double interpolation was used to obtain the correct viscosity based
on the run mumber and the average temperature.

b) Density °

A'Cenco #16752-C precision hydrometer was used to measure the denSity
of the PEG solution. Its accuracy was checked against a Westphal Balance

and found to be correct within 0.3%. The density measurements were taken

and plotted in the same manner as described previously for viscosity.
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However, fluid density at the orifice (R ) and in the manometer (/go) were
obtained in slightly different ways. Density in the flow loop gradually
increased duriag the day due te water evaporation. qence(/%)was obtained
by interpolaticn. However, evaporation was not possible in the manometers.
Therefore the densities of the test fluid in the manometer were obtained
using only the morning sample., The manometers were flushes out and refilled
each working day.l

It should be noted that in the given open system, concentration of the
experimental solution was always taking place aue to the evamoration of
water. Thus, both the viscosity and density of the circulating test fluid

E

increased during 2 day's runs. Spot checks indicated the increase to be

i

not mere than 0.7% for viscosity and 0.15 for the density.

II1 Experimental Procedure vee Fig. L.

Tha following procedure was carried cut on start-up. The supply tank
was initially filled with approximately 10C Imperial gallons of either
water or PEG. This autcmatically primed the Peerles: pump, All vents =2nd
valves in the test section were opened. After switching on the priwmary
pump, valve 21 was fully opened and valve 1l was partially closed. The
heat exchanger was adjusted as described previously. Test fluid was pumped
into the constant head tank, and flowed ont through both the test section
and the overflow line into the weirhing tank and overflow tank, respectively.
These tarnks were emptied as required intc the supply tank. !sually, one-
half houf was required to remove most of the entrained air from the system.‘
This was considered to be almost complete when air was no longer in evidence
upou vanting the test‘sectidn, Ihe primayy pusmp wés then shut down and any

remaining air allowed to coalesce for approximately 15 - 30 minutes.

The prinp was then started azain and the lines once more vented. sually,
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a small additional smount of air bubbled from the test section vents.
The system was then deemed ready for an experimental run.

The steps taken to Eomplete an experimental rﬁn were as follows,
(1) Valve 11 was adjusted to supply adequate liquid to maintain a constant
'hyﬂraulig head during the experimental run,
(2) The test section was checked to ensure that liquid was flowing through
‘the correct test line. |
(3) Flow into tﬂe weighing tank was adjusted by valve 21..
(L) The piapform scale Wés set somewhat in excess of the tare weight,
and a stopwatch was activated when the lever arm passed through the zero
poihto The same procedure was ﬁsed at the end of a run.
(5) The manometers, thermocouples and thermometer were read as often as
practicable during a run.
'(6) The weighing tank contents ;ere'returned'to the supply tank at the

completion of a run.
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THEORY

Derivation of the Orifice Plate Meter Equation

Assumption /2 = constant
AUt
B
1 ) e

Fig. 9 Schematic Drawing of an Orifice Plate for
the Meter Equation Derivation

Mechanical Energy Balance for Steady State:

=2 — ‘
s . P G5 .+ P 4 lwf Ibf - £t ()
2, o P 2ok e P ’ 1o *

Re-arranging equation 2,

_2 -
Uz . = 7, = P, -Pp - luwf , (3)
2K, gc 2 £, gc P!
let
2
Cv ( Py~ 2) = Ps -P> - lwf (h)
= e’
Now
(5)
. d
Vo B
742
2 _ L N (6)
B a T
Al
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A
Cc = “A—:‘ by definition (7

From equation 6,

Bo w1 g ‘ (8)
ar
and from equation 7,
iy _2 -
Uz =Uo , (9)

c

Combining equations 3, L, 8 and 9,

i, = Cv . -P
) 3112 V[Eg° A Te) (20)
= ~Z] p

<, and o£; are functions of Reynolds number

. i
the effects of which are included in C,, , a modified

coefficient of velocity.

Then
- ‘ ]
Up = _Cv 25, (PL -Pp) (11)
1 - ?l —_—
& 4]z Z
Now, by re-arranging equation 11,
- ' R
Uo = Oy G | ngc (P - B2) (12)
[1 - 0554 2 et
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or

G, o= G, C A-8* g, (B P20 (13)

1<cZ 5 [ 1-%

That is,

v, =_¢C 2gc (Py-P,) (14)

J! - 4 ' /9'

where

C =Gy Cq ,[1-/3’4/[1-0;‘;64 (15)
Now

7 ! T )

W 'UOAOP-J%%’C’? fzgc/g (k)

3

Define

K = C/JI-—ﬂ4 : (17
Then

W = K A, J2gc P (P-PFp) (18)

Equations 16 and 18 are the same as equations 98 and 99
respectively in Fluid Meters (1).
. To obtain working equations the following substitutions were
made, For a two-liquid vertical manometer, Py - P2 is the pressure drop

across the orifice plate in 1b §/ ft.2



Then

Pp - P2
or

P - Py

where

f3
I
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- 14l x (2.51)2 _
153,59 BURe-A 1)
- 2.01818 B[R, -/ |) (19)

difference in levels of the orifice manometer,

Cme.

cross-sectional area of orifice, ft.2

T4 2
7 (=)

2

=0,005452 d° | gy,

diemeter of orifice, inches

discharge coefficient, velocity of approach

factor included, dimensionless

mass flow rate, 1b y/sec.

diameter of test line, inches

density of fluid at orifice, 1b M/ft.3

3
= 205!4) X 1728 P
453.59 °

= 620’4287 po

= density of fluid at orifice, gm./cmo3

= density of manometer fluid, g-m./cm.3
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w density of test fluid in manometer, gm./cm.3

» discharge coefficient, velocity of approach factor

not included, dimensionless.

The substitution of the above conversions into equation (19)

gives

W = KAp fz (32.17L0) (62.1287 £ ) (2.04818 B (1,50-@ ) (20)

Re-arranging equation 20,

K = 183,346 W
a2 [8227.8708 H 4 (1R, -2 D (21)

and from equation 17,
L
C = K 1-1 (22)
The Reynolds number based in pipe diameter is given by, -
Rep = __LW (23)

m D U,

where U, = absolute viscosity
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Vo = kinematic viscosity, centistokes

The working equation, based on the experimental units, then

becomes
Rep = LY 12 1188..16
D .
77 Vo /2
or ‘
Rep - 22,737 W ‘ (21.)

D V4

The corresﬁonding orifice Reynolds number is

Reqd - 22,737 W D (25)

a W/

All calculations for C, K, Rep and Req were carried out

in an I.B.M. 70LO electronic computers. '
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RESULTS AND DISCUSSION

Discharge coefficients, both with and without the velocity of approach
factor included, and Reynolds number based on both pipe and orifice diameter,
were calculated gor gach run by an I.B.M. 70LO Compu;er and may be found in
Appendix II. The original-data, which were used in the above calculétiona,
may be found in Appendix III. Discharge coefficient K was plotted as a
function of Reynolds mumber, Bep. The results in this form, were easily
compared with standard A.S.M.E. orifice plate calibration data available in
references (1) and (2), as well as with Galloway's (1lL) data,

Figures 10, 11 and 12 compare discharge coefficient calibration curves
for the minimum and approximately maximum values of t)] allowed by the
A.5.M.E. - Fluid Meters (1) orifice plate desién, for each of the three pipe
diameters studied. It is obvious that a difference in calibration curves
of from 2 to 6% exists between each of the two plates at a given pipe dia-
meter, Rep between 100 and 1000,

The calibration curves of the three Sharp and the three Standard
orifice plates are compared in Fig. 13. The curves for the three Sharp
plates are nearly co—incident° Since these three plates are also very
nearly geometrically similar, except for the t2/D ratio, one can conclude
that the effect of the t2/D ratio on the calibration curves is small, On
the other hand, the Standard plates are dissimilar in both\the t1/D and
t2/b ratios., Since the spread of the three Standard calibration curves is
about the same as the spread for the Sharp plates, it appears that the
t1/D ratio does not affect the discharge coefficient to a significantly
larger degree than does the to/D ratio. However, scrutiny of Table 2

indicates a correlation between the t1/D ratio and the three Standard

calibration curves., For instance, considering the three Standard orifice
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plates, the highest calibration curve in terms of K was obtained in the

- 1o5 - inch test line. This corresponded to the highest t1/D ratio of
the three Standard plates. The 2 - inch and 1 - inch test lines gave
corresponding results. There was no similar pattern for the t2/D ratio.
Therefore, there does in fact appear to be an effect of t1/D regardless
of the effect of tp/D.

The results plotted on Fig. 1L represent calibration curves based on
design recommendations of the A.S.M.E, - Power Test Code (2). Special
15 and Special 30, the two orifice plates involved, have respectively the
minimum and maximum values of t1 recommeﬁded in (2), Both plates.were
built fér the 1.5 - inch test line only. It is interesting that even
pnder the more rigorous specifications of reference (2) for t1, geometry
effects on the discharge coefficient, although smaller than those between
the sharp and standard plates, are still observable.

Figures 15, létand 17 contain the calibration curves of the nine
'plates designated G.S, The G.S. series includes di@meter ratios of 0.2,
O.L and 0.6. The three Elates included in each diameter ratio were
geometrically similar. Figures lGaﬁdﬁlé, with Betas of 0.2 and O.l4 res-
pectively, yieldéd single curves. Fig.l7, however, with a Beta of 0.6,
had a much larger daka spread. Since experimentally, accurate data were
difficult to gather for the (3 =0ub ji#tes due to the small clocking time

_ for:the fixed throughput of fluid required to fill the weigh tank, and
the relatively small manometer differentials, a larger spread in the data
was to be expéctedo

A comparison of some of the results of this study for the 1.5 - inch
pipe with data from Galloway's caiibration curves, and with standérd

A.S.M.E. calibration data, is recorded in Fig, 18, For Reyp, between 100
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and 1,000, all data fall between the Sharp and Standard calibration curves.

Between Rep of 1,000 and 10,000, the same generalization applies with two
exceptions. Firstly, the curves which were separate and distinct at a
Reynolds number of 1,000, gradually merged by Reynolds number of 10,000,
Secondly, the A.S.M.E. standard calibration data curve plotted lower than
the Sharp plate calibration curwe between Rep of 1,000 and 10,000, This
difference appears to increase slightly at lower Reynolds numbers, and
might indipate a slight unreliability of the standard A.S.M.E. discharge
coefficients over this range. The appamﬁt unreliability of the standard
A.S.M.E. data may be connected with the ;shape of the orifice plates used in
the original study by Marchetti (15), who built his plates with a 30° bevel
rather than a L5° bevel as was used in this study. Both bevel angles are
acceptable under A.S.M.E. standards (2). Considering the effect of other
small geometry changes observed from the discharge coefficient data in the
low Reynolds mumber region, it seems possible that the 15° difference in
the angle of downstream bevel could cause the discharge coefficients given
in xefbreﬁce (1) for corner taps to be lower than those found in both this
study and Galloway's work.

A.S.M.E. design criteria allow a range of orifice plate thickness of
1/16 -~ 1/B inch and an orifice throat length, depending on the reference

used, of elther (1) t] between 0.01D and 0,02D (2) or (ii) tj less than

1/30 D
1 d (1) for inside pipe diameter up to 3 inches. Similar
1/8 (p-d)

design criteria are available for pipe sizes greater than 3 inches., It is
the implication of the design codes that variation of geometry within the
limits specified should have no discernible effect on the discharge co-

efficient, Results presented here have shown this implication to be
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‘untenable, in general, for pipe Reynolds numbers less than 10,000,

Thrasher (15) and Galloway (1L) have showm the effect of orifice
geometry on calibratjon curves. Both suggesied that more specific orifice
plate criteria were needed.

The G.5. series was designed (o stay within the A.3.M.7, -

Fluid Meters (1) design standards within the over-riding criterion of
geometric similarity. The aim was to arfive at design criteria for orifice
plates which could be used wiilh confidence and without calibration as low
as Rep of 100. The results indicate 'that this is possible fer plates
desipgned similar to the .S. series with the use of corner taps. That is,
for plates designed using the same peometrical shape as the /1.5. series,
Beta will be the only parameter.

The preceding results indic:tle a strons effect of orifice geometry,
priﬁarily orifice throat length, on the ccefficient of discharge for bipe
Reyniolds numbers from 100 to 10,000. Orificefthrcat lenpth ca2n also be
discussed with reference to other workers in the‘field. Iversen (5) plotted
Johansen's (9) Sharp type and Tuve and Sprenkle's (5) Standard type orifice
plate results, along with others, for comparalive purposes. Careful
scrutiny of the curves indicates that Johansen's plates have slightly lower
discharge coefficients for the same Reynolds number aéd 3eta. Thrasher (16)\
too observed s trend of increased discharge coefficient with throat length,
as was observed also in the present sfudy. A more; extreme cempa%ison was
car;ied out by Grace and Lapple (17), whose calibrations of Sharuy and Thick
Standard (t; = d) plates further confirmed that discharge coefficient in-
creased with throat length. |

Further light is thrown cn the present results by considering the
"Standard Short. Tube" discussed in Perry (L). Yor a Short Tube running

full, the discharge coefficient is abcut 0.82, However, when a short tube
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is running free, the value of the coefficient is about 0.62. The liquid

in a tube "running free" separates at the‘upstream sharp edge and does not
touch the walls. A tube running full, on the other hand, has little or no
separation upstream, and the whole vessel is filled with fluid. Since there
is less contraction with a "full" tube, the coefficient of discharge is
larger. Comparison of the data from the Sharp and Standard series shows a
similar increase of discharge coefficient. The Sharp plates tend. to act
like standard short tubes7"running free", whereas the Standard and Special
plates act 1like tubes "ruhning full®, |

An explanation for this behaviour arises from speculation as to the
exact point(at which flow separatioh takes place. For a sharp plate, sep-~
aration can only occur at the knife edge. However, for the Standard and
Special plateé, separation is possible at both the upstream and downstream
ends of the orifice throat. It seems plausible that at low Reynolds numbers,
separation would occur at the downstream edge, while higher Reynolds mumbers
would shift tpe point of separation to the upstream edge due to the increased
fluid inertia; Hence, at the downstream pressure tap for a Sharp plate,
contraction will be equal to or greater than that allowed by a Standard or
Special plate, Therefore discharge coefficients for Sharp plates should |
be less than (low Rep), or at the most equal to (high Rep) those obtained
for orifice plates with finite thréat length., The actual results conformed

to this pattern,
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NOMENCIATURE

constant in resistance thermometer equation, (©C.)1
orifice cross-sectional area, ft.2

upstream pipe inside cross-sectional area

downstream pipe inside cross-sectional area

pipe inside cross-sectional area, in.2

constant in resistance thermometer equation, (°C.)-2
ratio, d/D dimensionless

coefficient of discharge, velocity of approach term Jgjj?—
not included, dimensionless

coefficient of contraction, dimensionless

coefficient of veiocity, dimensionless

coefficient of velocity including the effect of cxi, and X
dimensionless

orifice diameter, in.

pipe inside diameter, in.

' local acceleration due to gravity, ft./sec.?

gravitational constant, (lby) (ft.Y (1bp) (sec.)?

pressure drop across the orifice, cm. of liquid

inside diameter, in. or ft,

dischafge coefficient, velocity of approach factor included
internal frictional dissipation (lb.p-ft.)/lb

length of unobstructed pipe upstream of the orifice, iﬂ.
length of unobstructed pipe downstream of the orifice, in.
2

pressure sensed by upstream pressure tap, 1b.p/ft.

pressure sensed by downstream pressure tap, lb.p /Et.2



Td opr =
Req
RED or =
Rey,

Ro a
Rt -
ti =
tl -
tz =
t3 -
T -
Tes1 -
Tes? -
Tc33 -
Tcsh =
Tessg -

preésﬁre drop across orifice 1b.p-ft.
1b.M

solufion of polyethylene glyFol (E9000) and water
ﬁeynolds number for flow through circular passage
HJ/TTUg(diameter), dimensidnless

Reynolds number based on orifice diameter and fluid
conditions at the orifice |

Reynolds numbers based on pipe I.D. and fluid
conditions at the orifice

fesistance of the platinum resistance thermometer at

0oC., ohms

\re§isténce of the platinum resistance thermometer

at\tOC., ohms

Fime, secs.

orivfice throat length, in.

br%fice plate thickness, in.

width of pressure measuring slit, in.
temperature, °F., or °C.
temperature of thermocouple 1

temperature of thermocouple 2 - referred to the

resistance thermometer

. temperature of thermocouple 3 - referred to the

resistance thermometer
temperature of th;erfmocouple Ly - referred to the
resistance thermemeter
temperature of thermocouple 5 -~ referred to the

resistance thermometer



Tns2

Tms3

o]
[a%]

= o
o]

=
@ -

temperature of thermometer 1 - referred to the
resistance thermometer

temperature of. thermometer 2 - referred to the
resistance thermometer

temperature of thermometer 3 - referred to the
resistance thermometer

temperature read by thermometer 1

temperature read by thermometer 2

temperature read by thermometer 3

bulk average upstream velocity, ft./sec.

bulk average downstream velocity, ft./sec.
bulk average velocity at the orifice, ft./sec.
mass flow rate, 1b. /sec.

weight of working fluid, 1b.

actual upstream length of unobstructed pipe in test

section, in.

length of unobstructed pipe in test section,
in. predicted by equation 1
absolute viscosity, (1bm)/(ft.) (sec.)

absolute viscosity of fluid at the orifice,

L9



U or VY,
IC or /%
PBO or /CLO

PO or /90

50
Greek Symbols

= density, 1bM/Tt.3

‘= kinematic viscosity of fluid at orifice, C.S.

- density of manometer fluid, gm./cm.3

= density of test fluid in manometer legs, gm./cm.3

= density of test fluid at orifice, pm./cm.3

= ratio, d/D dimensionless
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APPENDIX 1 - RESULTS
A Sample Calculation

Since an electronic computer was used for all computations, a -
sample calculation will be presented to indicate the method used.

Tables 1 = 11 inclusive contain the results in tabular forme

RUN 321

Ws = 230 lb.

ti = 636.L sec.

Po = 1.03576 gm./é.c_.
Pbo = 1.03551 gne/cece
L. = 1.58687 gie/ceCe
H = 13,96 cm.

Vo = 22.11 cmz/sec.

W - Wg/ti

0,60267 in.
1.5058 in.

=
[ |

Coefficient of Discharge = refer to equations 21 end 22

K = 183,316 x W .
a2 \/8227.,8708 xHx o X Jr,Dbo _-,Ocl
= 183.3L6 x 230/636.h ;
.60267)2 /8227.8708 x 13.9 x 1.03576 x (| 1.03551 -
'  1.38687f)

(26)

- 0071036



C = K‘/l-(0060267) L

Reynolds number - refer to equation.é 2l and: 25

1.5058

= 22,737 W

Vo 5
= 22,737 x 230/636.4

1.5050 x 22.11 x 1.03576
- 238,2953

= 595.3925

22,737 x 230/636.4
\“6"’6_—2‘2"II_— 0287 x 22.11 x 1,03576

1-2

(27

(28)

(293
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TABLE 1-1 1-3 |
i
RESULTS !
RUN K C REd RED j
NO. :
; ORIFICE TYPE 1.0 INCH  STANDARD ;
{105 0462046 061248 17870459 T144439 !
106 061958 0461162 16409413 6560013 :
£ 107 061971 0061174 14850435 5936695 5
108 0662146 0e61347 13740434 5493418
109 0462171 0.61372 12921.98 5166401
110 062131 061332 11862465 47642451
111 062372 0061570 10812.85 4322081
112 0662371 0061569  9914.63 3963,72
113 062670 061865 8857476 3541,20
114 062821 0662014 7835,85 3132465 ;
115 0.63007 062197 6823.55 2727.9%
116 0063374 0062560 5906¢14 2361419
117 063906 063085 5448,.68 2178430
118 0679117 0467038 5108.94 2042448
131 0.70911 0+70000 532489 213,04 !
[ 132 0+70995 0470082 513661 205033 i
| 133 0.71067 070154 514420 205457 |
1 134 0670357 069453 479,84 191483 ;
[ 135 0671381 0e70463 442444 176088 |
i 136 071717 0470795 " 401455 160.53 }
P 137 071985 071060 378413 151417 ;
i 138 0072087 0e71161 31093 124431 i
i 139 0.72116 0.71189 273,98 109.53 |
140 0072645 0e71711 211455 . 84458 ;
141 0072472 0071540 179071 71485 :
142 0, 712840470367 117074 47,07 |
L 143 0667352 066486 60649 24418 %
! 505 0e71440 0+70521 ° 523431 209.21 !
506 0470952 0470040 523431 209.21 ;
506 071245 0.70329 544441 217465 :
506 0670525 0069618 S44441 217465 1
"""" 507 T 0669426 735.46 294,03

070330




TABLE 1~1 (CONTINUED) 1-L
RUN - K C REd RED
NOw e ;
!
507 069969 0669070 735446 294003 |
508 068854 0667969 106975 - 42767 !
508 0.69546 0668652 1069.75 42767 ;
509 067706 0.66836 145730 582460 E
509 0468214 0667337, 1457430 582060 |
510 066744 0+65886 1868409 746083 |
510 - 0667159 0066296 © 1868409 746083 |
511 066373 065520 2153488 861409 :
511 0.66802 065943 2153488 86109
512 0466119 065269 2484479 993,38
o013 0465742 0464897 = 2807402 == 1122.20 |
514 0465289 0.64450 3152425 1260422 |
515 0+64859 0.64026' 3465472 1385454 |




|
: TABLE 1-2 1-5
1
!
RESULTS ;
RUN K C REd RED |
NO. !
' ORIFICE TYPE 1.5 INCH  STANDARD
! ;
] 87 0662085 - 0061208 24475465 10018614 . |
88 0.62124 T0.61246 22863466 9358634 |
89 - 0662191 0061312 - 21252459 8698691 ;
90 0062223 0061343 19866499 8131.77 %
91 0462355 - 0.61474 17531.19 7175.70 |
92 0062494 - 0061611 15535487 6359400 !
93 0062657 061771 13671,72 5595498 |
94 0662642 0.61757 12264485 5020613 '
95 0662667 + 0.61782 11142461 4560479 ;
! 96 0662723 0061837 9940.64 4068481 j
i 97 0462958 0062068 9015.34 3690607 g
98 0459021 0058187 9261479 - 3790495 i
99 0062826 0061938 9051435 3704482 :
100 0063190 0662297 78764.09 3223.77 ;
101 0063191, 0062298 7313432 2993442 i
102 0663644 0062745 63034664 2580015 !
103 0.64260 063352 5121.76 2096439
104 0066205 0665270 3481427 1424092 |
151 0470805 0069804 789443 323412 i
152 04709907 069986 73979 302.80 |
i 153 0.7128¢ 0670277 681e21 278,83 !
154 071529 . 070518 639.78 261487 1
155 0.71857 . 070841 - 577455 236440 3
156 072178 0e71157 50333 206402 i
157 0.72444 0071420 439436 179.84 :
T 1587 T 0728457 0671815 380453 155.76 |
159 0.72879 0471849 334435 136485 !
, 160 0073028 071996 272655 111,56 |
I 161 0.72926 0.71896 T 194423 79450
: 162 0.71748 0.70734 126415 5164
g 522 0.71756 0070742 638424 261424
522 04714337 0.70423 261624

TTTTTTTe38e624
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"TABLE 1-3

] i
i
RESULTS |
1
RUN K C REd RED ;
NO. |
{
ORIFICE TYPE 2.0 INCH  STANDARD :
123 0662077 0661274 19133.92 7660489
124 0.62211 0661406 _ 16532048 661932
125 0:62360 061554 14313,22 5730477
126 " 0.66456 0665596 13165424 5271013 f
127 0662403 0061596 11113.59 4449469 :
128 0062681 | 0061871 9821.69 3932443
129 0.62889 0662076 8523460 . 341270 1
130 0663736 ' 0662912 6195434 2480651 .
k 144 0669340 0068444 972.91 389,54
i 145 0.69689 0.68788 880.63 352.59
] 146 0s70142 0069234 788440 315.66
147 0.70513 069601 709.75 284417
148 070869 0069953 - 64269 257432
149 0043668 0043103 355481 142646
i 150 0.71484 TT0070560 497495 199037
é 151 0.72101 071168 431430 172.68 !
; 152 072113 0071180 399,75 160,05 |
153 0.72377 O0e71441 339.98 136412
154 0684451 083358 240416 96416
155 0058198 0057445 98,24 39633 |
516 0.68967 0468075 791016 316e77 1
517 0068422 0667537 1274416 510615
i 517 067877 0666999 1274416 510015 |
i 518 0.67601 066727 1655.82 662496
518 0067188 _ 0666319 1655482 662+96
519 0066271 0065414 2266427 907438
519 0666957 . 066091 2266427 907.38
4 520 0.65710 0064860 - - 2753432 . 1102.38
; 119 0661720 0460922 29017.75 11618.21
; 120 0.61908 0.61107 27418.22 10977.78
121 0661622 . 0060825 25298.81 10129.21
122 062045 0061243 23024033 9218454
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530

0.65083 -

TABLE 1-3 (CONTINUED) 1-7
RUN K C REd RED {
NOo E
: |
523 0.71101" 0070096 714016 292431 |
523 - 0070480 069484 714,16 292431 :
524 070072 0069082 980400 401412 j
524 069645 0.68661 980400 401012
, 525 0669556 0068573 1434692 587033 \
i 525 0+68360 0467393 1434092 587633
526 067561 0:66606 1795.61 734,96 ;
526 0.67680 0.66724 1795661 734,96 ,
527 0.66879 0665936 2172042 889420 '
528 0066403 - . 0065464 2547423 1042661
528 0066812 0665867 2547423 1042661
529 0665971 - 0665038 2923430 1196454
' 529 066606 0:65664 2923430 1196054
i 530 065637 0464709 3210059 1314413
0466016 - 3210459 13144013
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TABLE 1-3 ‘(CONTINUED).

1-8

q

RED

S e

0.67836 0666949

RUN K C REd
NO. e em __.~_______.._ [ _.._4.‘.
520 0.66072  0e65217 - 2753632 1102438
521 0467054 0,66187 1653.41 662400 |
. |
TABLE 1-4 3
RESULTS
RUN K C RE - RED -
NO.
ORTFICE TYPE 1.0 INCH  SHARP
16 0063052 0062227 16936486 6799491
17 0.,62033 0061222 16731018 6717433
18 0061947 0661137 15413.04 6188011
19 0062015 0061204 1577070 6331.71
20 0662076 0061264 14742455 5918492
21 0062017 . 0061206 15155.87 6084486
22 0662487 0061670 13768.09 552769
23 0.,62811 061990 12351.68 7 4959,02
24 0.62851 0062029 . 11454473 4598091
25 0:62968 0062144 10382054 4168044
; 26 0.62678 . 0661859 T 9228,73 3705.20
j 65 0662853 -. 0662031 © 7270682 2919.13
66 0659776 0058994 6748087 2709457
67 0.62607 0.61788 5906486 2371.52
68 0,62937 - 0062114 5171694 207646
69 0063387 0062558 4938.78 1982.85 j
70 0.63699 0.62866 4301639 1726695 ;
71 064364 0063522 2855.88 1146059 |
72 0.63788 062954 185659 745039 }
163 067497 0066614 500015 200480 g
164 0667445 0666563 459491 , 184465 |
165 067618 0066734 427415 171650 |
166 383433 153.90 ;
|
:




| TABLE 1-4 (CONTINUED) 1-9
167 0.68306 0067413 333047 133.88
168 0068867 067966 272,10 109024
169 0.,68878  0.67978 242,89 97,52 i
170 0.69662 068751 214,93 86429 f
172 0.69987 0069071 169075 68015
173 0071566 0070630 140042 56438
174 0672070 0071128 - 75623 30620 ;
537 0.67865 066978 36186 145.28 ?
537 0:67695 T 0.66809 361,86 145.28 .
538 066971 0066095 585096 235426
538 0066738 - 0065865 585.96 235026
539 0.66258 0665392 830073 333053 ,
539 0665949 0065086 830073 333653 '
540 0065637 0064779 1076046 432,18
540 "0,66200° 0065335 1076046 432,18
% 541 0065343 0064488 1370013 550609
: 541 0465950 0065088 1370013 550009
; 542 0.65130 0064278 1627.06 65324
542 0065605 0064747 1627406 653024 :
543 0064896 0064047 1897044 761679
543 0.65121 064270 1897444 761.79
544 0.65039 - 0064189 2122.90° 852031
545 0064659 063813 2442051 980463
546 064680 0063834 2729445 1095.83
547 064608 0663763 3079460 1236041
- 548 0064486 3442451 1382412

I/_
e

0063643
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} TABLE 1-5 . 1-10 :
] . B
_RESULTS g
RUN K c REd RED
NO.
: ORIFICE TYPE 1.5 INCH  SHARP ;
3
.
37 0063002 - 0062129 24070000 9804079 I
38 0.622417  0.61378 23310643 9495.39 |
| 39 0,62483 0.61617 21960.13 8945,35 1
¢ 40 0062433 0061568 20820.31 8481.05
41 0.61715 0+60860 19019691 7747066
42 0.62355 0061491 17491617 7124094
43 0062453 0261588 15474076 6303056
44 0462525 "0¢61658 14042096 5720033
45 0:62565 "0.61698 12673094 5162466
; 46 0.62253 0.61390 12591053 512909
; 47 0.62469 " 0061603 12376.08 5041033
48 0062614 0061746 11670646 4753090
49 062823 0061952 - 11264074 4588063
50 0.62836 0661965 10416685 4243425 ‘
51 0.62868 0:61996 9449,70 3849429 4
52 0:62902 0062030 8962440 3650079 3
53 0.62729 0061859 8179+23 333177 i
54 0663171 0.62295 7222465 2942.11 |
55 0.63666 0062783 6050400: 2464044 ?
56 0.64608 0063712 4369.63 1779.95 }
57 - 0066784 0.63886 2643 .86 1076096 |
; 184 0.66881 0665954 764694 311659 |
i85 0.67528" 0:66592 600473 264470 |
186 0.67038 0:66108 695490 283047 |
187 067006 0666078 669051 272,72 ;
188 0.67526 0666590 550669 224432 :
189 067828 066887 478438 194086 ;
190 0.68264. 0667318 423080 172063 !
191 0.68582 0+67631 383.44 156419 !
192 0.69029 0068072 335,31 136059 g
193 0:68938 067982 1298451 121,60 |
194 0.69881 0.68912 239.84 9770 |
|




PO,

T L

TABLE 1-5. (CONTINUED) 1-11 ;

i

RUN K C REd RED i

NO, |

. i
195 070666 0.69687 140640 57619
¢ 557 0.67239 066307 632027 257.55
i 557 0066723 0665798 632027 257655
g 558 0666947 066019 © 937,81 382,01
558 0s66400 - 0065480 937.81 382,01
559 0666549 0065626 1192.34 485,069
559 0066131 0065215 1192.34 485069
560 0065600 0064691 1602023 652,66
560 0.65834 064922 1602023 652066

561 0065369 0064462 1832,61 746650 ,

561 0065777 0064866 1832461 746050 |

562 065198  0.64294 2108.74 858098 -

562 0065191 "0064288 - 2108074 858,98 |

563 096_5157 0064254 2417.08 - 984,58 i

563 0.65485 " 0064577 241708 984,58 '

564 0,64981 0064080 2823.35 1150.08 ;

564 0665482 0064574 2823035 1150008 |

565 065203 0064299 3081.99 1255043 g

565 0465537 0064629 3081499 1255043 }

!

TABLE 1-6 5

RESULTS i

RUN K C RE RED :

NO, !

TORIFICETTYPE "2, 0 INCH ™™™ SHARP ;

73 0061657 0060847 30944083 12438.10 i

74 0561710 060899 28390.81 1141153
L 75 - 0661695 0.60885 26945.65 10830065
: 76 0661605 - 0.60796 2467714 9918.84%
f 771" "0461884 " T0461071 T 22432048 90l6.61 |




{CONTINUED)

; TABLE 1-6 1-12
' RUN K C REd RED :
NO. - e '
78 0.61603 0.60793 19827.95 7969473
: 79 0662035 061220 17034042 6846089
) 80 0.61997 0.61182 14540.36 5844 o542 '
81 "0.62064 0061249 13400024 5386615
j 82 0,62182 0661365 11714469 " 4708466
f 83 0.,62239 0061421 10460465 4204060
84 0662074 0061258 8323,83 3345072
85 0662810 ' 0061985 6225.03 2502012
86 0.63576 - 0062741 4995,21 200780
172 0.65714 0064851 1065629 428019
173 0065901 065036 100263 403000
174 065971 065104 87300 350,90 ©
175 0.66097 - 0665229 830.85 333,95
176 0066423 0065551 716617 287.86
177 0.66621 065746 607010 244,02 !
178 0.67268 0.66384 511462 205664
179 0067597 . 066709 445060 179011
180 0.67810 066919 412475 165090
181 0068462 0667563 342011 137,51
182 0668162 0667266 242,08 97,30
183 0.,68353 067455 163467 65.78
549 066602 0065727 684440 275009
550 0065896 - 0065031 995471 400022
| 550 0665501 064641 995,71 400422 |
: 549 065787 0664922 684040 275009 |
551 0.65608 0664746 1290480 518,83
] 551 0065261 064404 1290.80  518.83 |
552 065183 0064327 1565040 629020 !
552 0064991 0664137 1565040 629020 -
553 064654 0663805 T 1978.86 795439
. 554 064788 0663937 1775.05 713047 |
555 0.64610 0.63761 2274659 914426
556 064590 0463741 2506481 1007.60

e




TABLE 1-7

e e+ 4w sy e~

.

S 0.71753

: 1-13 ‘
|
RESULTS ‘
RUN K e TREd RED
NOoe '
| ORIFICE TYPE GeS. BETA=0.2 ,
! : ;
3 226 072378 0e72322_ 309,06 61636 '
] 227 071729 0071674 283491 56037 f
' 228 0,71652 0671597 258032 51629
] 229 0.71517 0671462 237,82 47022
230 0.71341 0071286 213693 42,48
231 0.70676 " 0070621 183,98 36053
232 0.70076 0070021 _ 150029 _ 29084
| 233 072605 0672548 118,73 23057
i 384 0.70136 0+70082 693429 137065 {
‘ 385 0.71402 0071347 486418 96053
386 0.71574 071518 292046 58007
396 0671665 0.71609 360660 71060
397 070344 0070289 _ 585,89 116032
398 0.69750 0:69695 687,52 136.50
399 0:68900 0068847 797041 158432 :
1 400 0.67480 0067428 89130 176096 ,
{ 401 0.6653% 0.66482 987,07 195098 ;
402 065586 0665535 1101400 218060 f
403 0065258 0065207 ' 1206472 239059 |
404 0065411 0065361 1374407 272081
405 0065212 0065162 1536446 305,05
406 0664915 0064865 1695016 336056
407 0064643 064593 1823,78 362010 4
408 0064213 0064163 1989.61 395,03 i
409 0662695 0062646 2131.20 423014
410 0:62581 0062532 2266435 46997 ;
411 0062413 0662365 2387462 4764405 5
! 211 0671334 0071277 425054 85011 |
i 212 0.71426 0.71369 403.25 80066 ;
! 213 0.71598 071541 383,91 76079 {
{ 214 0071624 0671566 372654 74451 !
g 215 0071695 351,02 70.21 !
j‘ ¢
t




TABLE 1-7 (CONTINUED) 1-1k ;

RUN K C “. REd RED 3
NO,
216 0.71610 0071553 329419 65084
217 0.71818 0671761 292.81 5857
218 0.71689 071632 260016 52004

; 219 0,71584 0071527 234017 46084
220 0.71518 0071460 209419 41084

] 221 0.71364 0071307 180470 36014
222 0,71163 0071106 163451 32,70

; 223 - 0070905 0070848 144085 28497

; 224 0470094 0.70038 118079 23076
393 0,70819 0670762 468,92 93,79
394 0070347 0670291 _ 61144 12230
421 0070492 0070435 505024 101,05
422 0669094 - 0069039 732056 146052
423 0067601 0067547 933,14 186064
424 0.66781 0.66728 1051617 210025 !
425 0064692 0064640 1148515 229065
425 0066264 0066211 1176606 235023 -
426 0665579 70265527 1307.30 26148
427 0.64510 0664459 1619099 324002 - |
428 0664974 0064922 1482691 296.60
429 0.63482 0063432 1688.08 337.64 |
430 067960 067905 1795025 359,07
431 0664365~ 0064314 1952048 390052
432 0063809 0.63758 2174637 434,90
433 0663542 0063492 2318045 463,72 |
434 0063210 0063159 2585.45 517,12
435 0.62901 0662850 . 2852.28 570049
436 062625 - 062575 3096445 619033 |
387 0,65988 0065935 1206069 24123
388 0.66237 T 0666184  1092.23 218535

| 389 067054 0.67000 972018 194635

. 390 0667596 0067542 870.95" 174012

; 391 0068354 - 0.68299 752004 150,34

i 392 070003 0069947 50144 100.24 '

] 196 0070083 0070027 546014 109.18 |

f 197 0.70286 Oo 70230 T 524,01 T 104476

§

{

[ ¥




TABLE 1-7 (CONTINUED) :
i
RUN K C REd RED !
NO. o . :
bel -- - ;
198 0070349 0070293 494463 98,88
199 0.70638 070582 463033 92,63 ’
200 070756 0070700 432071 86051 §
201 0670992, 0070936 © 402069 80650 :
i 202 0071197 0071140 35742 _________ Tlet5_____
1203 0.79539 0079475 321699 64637 }
! 204 0.71346. 0071289 249439 49,86 !
i 205 0071429 0071372 320088 64015
: 206 0,71312 0071255 228420 45062
207 0.71345 0071288 201640 40426 |
‘ 208 0570992 0670935 _ 172045 34,48 ‘
209 0070086 - 0670030 137086 27056
i 210 0068997 0068941 89,55 17,90 |
412 0.69015 0068960 689082 137690 ;
413 0.67471 0067417 928.13 185655 :
414 0666292 0666239 1129073 225485 '
415 0064331 - 0064280 1319.19 263,72
415 0.65418 0065366 1341048 268018 .
416 0664715 0064664 1512.90 ' 302645 i
417 0.64289 0064237 1667022 333030 :
418 0063812 0063761 1847013 369027 §
419 0063596 0063545 2009.08 401064 i
420 0463311 0063261 2137.98 42741 '

FTT SIS e R T S [T S Y e g SR G, WIS | MR E IR § oS T e 1o Soereanes S A
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T e

TABLE 1-8

1-16

[ R

RESULTS

RUN K C REd RED
NO.

¢ ORTFICE TYPE GoSoe BETA=0.4

§

! 278 0071394 0070487 510080 _ 203062 ;
279 071670 0070759 T 467065 186042
280 0.71804 0.70892 432632 172033

' 281 0,71897 0,70983 396,62 158,10
282 0.72078 0071162 349,56 139434 |
283 0072278 071360 291,59 116023 ;
284 0672286 0671367 _ 252651 100066 ‘

] 285 0.72135 0671218 213,.38 85006

{ 286 0.71853 0070940 1844617 73041 L

i 287 0.70000 069111 136019 54629 ;

; 288 0.71966 00.71051 127,28 50074 !
289 0069434 0068551 104690 41,82 g
290 0.67858 066996 62483 25005 .
335 0669942 069053 832021 331,74 :
336 0.70158 0069266 796034 317044 g
337 0070426 0:69532 715,90 285,37 |
338 0070696 0069798 654473 260099 ;
339 0.71006 0070104 577,21 230009 .
340 071358 0670452 50281 200643
341 0571756 0070844 451,29 179.89 [
342 071967 0.71053 372630 148041 f
343 0.,71416 0070509 297058 118062 ;
452 0.97846 0.96603 1012611 403045 i
453 0.,68768 0.67894 940429 374,82 i
454 0.68299 0667432 1170487 4660 T4 |
455 0.69180 0.68301 93120 371.20
456 067630 066771 137975 550,00 ;
457 0067293 0.66438 "1520009 605094
458 0.66472 0.65627 190570 759065
459 0.66068 0665229 2176082 867,73 §
460 0066202 0065361 2472026 985050 |
461 0074758  0.73809 T1276.92

o g o gt & § iy ek A = . —

T3203.33




e

0.71054 |

TTTTR14089

TABLE 1-8 (CONTINUED) 1-17 ﬁ
RUN K C RE Q4 RED ;
NO. : :
462 0.67843 0.66981 3236059 1290018 /
. 463 0065051 0:64225 3506091 1397.93
i 49¢ 0e 71040 0.70137 528.95 210685
o 496 0,70358 0:69464 528695 210.85
i 497 0.68889 0.68014% 10469.96 418054
: 497 0068653 0.67780  1049.96  418.54 .
B AT 0067508 0+66650 1458086 581053
498 0,68312 0067444 1458086 581,53
499 0.66927 066077 1669.02 665031
500 067195 0.66341 1669.02 665031
500 0066187 0065346 2146014 855050
500 066669 0065821 2166614 855450
3 501 0.66345 0.65502 . 2166024 863,51
502 0066399 0.65556 23944+86 954 064 .
503 065530 0.64698 2666039 1062.88 :
504 064984 0064158 2920.06 1164400 |
303 0.70322 0669414 751092 300094 ¢
=304 0670541 0669630 707681 283,29 .
305 0.70705 069792 650071 260444
\ 306 0.71078 0.70160 591052 236074 i
: 307 0071468 0070545 516056 206074 |
308 0.71844 0.70917 448064 179.56 ;
i 309 0271905 0670976 _ 399,01 159,70 |
! 3107 0.72188 0.71255 32704 130,89
; 311 0072431 - 0.71496 279046 111.85 ;
i 312 0.72376 0071441 247.57 99,09 |
i 313 072274 0.71340 193,77 77.55
i 314 0.71514 0070590 127.54 51005
{ 315 0.69006 068115 1105042 " 442042
E 316 0669375 7 0.68479 998 .31 398,75
{ 318 069789 0.68888 903003 361042 '
i 319 0.70185 069279 799,28 319090 !
] 320 0.70616 069704 . 657094 263,33 :
g 321 0.71232 0070312 595439 238030 |
: 322 0.71728  0.70802 523043 _209e49
g 23T 0.71983 166405




R e e e

PR AR

VNS U VS .

T0.714297 T 0.70506

TTel4.1T T

TABLE 1-8 (CONTINUED) 1-18 :
: RUN K C REd - RED
; NO. L L
3
5 324 0072441 0.71506 322,06 128690
/ 325 0072046 071116 166029 66055
; 326 0.68844% 0067955 1105094 442063
! 327 0669279 0068384 1027476 411634
} 320 0070405 0069496 657,94 263,33
! 321 0.71036 0.70119 595439 238630
! 322 0271520 0070597 523033 209045
f 323 0.71756 0070830 414089 166005
f 324 0672577 0071640 322006 128090
! 325 0674440 0673479 166629 66655
i 347 0669440 0068544 159659 63087 .
] 347 0.72841 071900 159459 63087 :
} 348 0.72257 0071324 350028 140419
! 348 0070866 0669951 350028 140019
] 349 0.71570 0670646 486,70 194079
349 0.70581 0669670 486470 194079
350 0.71000 __ 0,70083 599037 239,89 :
350 0,70207 0669301 . 599037 239,89
| 351 0.70473 069563 704403 281.77 :
; 352 0.70039 0.69135 819012 327.84 ‘
E 353 0069559 0.68660 885049 354,40
% 354 0069598 0668700 939,17 375089 :
355 0069342 0068446 986039 394078 |
: 356 00691327 0.68239 1027.40  411.20
; 357 0.68956 0068065 1080436 4324639 .
] 358 0068979 0.68088 1103649 441065
i 437 0.96660 0095412 1005413 402+29
f 438 0095361 0094130 1450037 580049 |
; 439 0.94671 0093449 " 1713692 685097
( 440 0094056 0092842 2081617 832,95
é 441 0.93743 0692533 2362695 945,73
: 442 0,93401 0692195 2750067 1100691
; 443 0.93618 092409 2579.03 1032621
; 444 0093526 0692319 2983.54 1194011 ‘
g 445 0.78782 0677765 2855022 1142075
3 479 - TT265679




1-19

TABLE 1-8 (CONTINUED)
RUN K C REd RED
NO, R
479 070530 0:69619 614011 245,79
: 480 0,69571 0068673 956014 382468
g 480 0.69203 0068310 956014 382068
: 481 0:68680 0067793 1240047 496048
| 481 0.68497 0667613 1240047 496048
{ 487 0067682 0666808 1451.76 581604
: 483 0.66847 0065984 1756044 702098 .
i 483 0.68104 0667224 1756044 702098
‘ 484 0066487 0.65628 1990483 796080
484 0.67191 0666324 1990.83 796080
| 485 0665941 065090 2365010 946059
§ 485 T 0.66124 065270 2365010 946,59
| 486 0665726 0064877 2686618 1075010
; 486 0.66105 0065252 2686018 1075010
i 487 0.65303 0064460 2910015 1164074
487 0.65863 0065012 2910615 1164074
291 0659829 _ 0059057 839,70 __336002__
292 0069770 0.68869 ~ 921.38 T 368,70
} 293 0469970 0:69067 828093 331,71
294 0.70559 0069649 704039 281687
295 0.70882 0069967 630047 252029 |
s 296 0071417 0070495 56234 225,03
! 297 0.71546 0070623 _ 508082 203061
: 298 0.71919" 0270991 450016 180014
299 0072195 0.71264 372412 148091
300 0,72368 0.71435 301033 120058
301 072529 0.71593 239430 95576
302 0.74560 0073597 " 175033 70416
327 0.72650 0071713 196067 78.70
TTTTT327 06723717 T 06714377 196665 78069
! 328 0.71957 0.71028 479067 191,95
. 328 0.70878 0069963 479067 191,95
: 329 0072150 0.71219 358.69 143,53
; 329 0.71077 0470160 358069 143,53 -
f 330 0071460 0670538 597020 " 238098
7330 T 06704710 069561 597419 238,98 |

et tin nn o e b e A it e . S Setraf e o % S
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495

0065362

1029021

TABLE 1-8 - (CONTINUED) 1-20
RUN. - K c . REd RED

NO.' _ — - : E
331 070964 0470048 T 715413 286417 |

331 ‘0069957 0469054 715413 286417
332 0.70423 0¢69514 796433 318467 ;
0332 " 0469557 . . 0468659 - 796433 318467 ;
334 0469469 . 0468573 1010486 404451 |
334 0.68495 0e67611 1010.86 404451 ‘
. 344 0493140 0.91938 447450 179.07 |
344 © . 0e91743 0690559 447450 179.07 ?
345 0492150 - 0490960 622456 249413 ;
345 091676 0490493 622456 1249413 ;
346 - 0478451 T 0677438 79710 318497
346 T0.74688 0473725 797410 318497  ©
447 0692768 0491571 1688434 675462 ;
446 . 0694977 093751 "~ 1171490 468495 ;
448 0091965 "0.90778 2033471 813482 ‘

449 0691449 0490269 . 2223448 889476
450 0691221 0490044 2589440 1036619
451 090931 0489758 2854.70 1142435 ;
488 0469753 068853 658475 263461 ,
288 0668742 0667855 658475 263461 i
~289 0.70406 = 0469497 679402 271.72 ;
289 0469305 . 0e68411 . 679402 27172 |
490 0669617 0468719 940016 376622 |
490 0.68973 068083 940416 376422 ;
491 0667719 0066845 1451499 581404 i
491 - 067406 066536 1651499 581404 ;
492 067203 0466335 1666483 667401 ;
492 " 066835 0465973 1666483 66701 |
493 0466577 _ 0665718 1987465 795439 i
493 0+67375 0466506 1987.65 795439 ;
494 0466011 0465159 2287408  915.21 !
494 0465789 0464940 2287408 915421 ]
495 0465833 064984 257194 . 1029421 %
- 0466216 2571494 '




|
. "TABLE 1-9 1-21 'w
¥
RESULTS 1
RUN K C REd RED !
NO. - : 3
ORTFICE TYPE  GeSe BETA=0+6 ;
235 0.81264 0475835 795445 476485 |
236 0.81750 0«76288 755484 453,11 |
237 0.81570 . 0e76121 694465 416443 %
238 0480851 - . ~ 0475450 607407 "363493 ;
239 0.80517 0675138 520484 312423 :
240 0.81387 " 0675950 479470 287.57 ;
241 0e81614 - 076162 410463 246016 |
242 T0.816937 - 0.76235 366425 219.56
2473 0481565 ‘0676116 322412 . 193410
244 0.81858 0476390 - 261e44 156473 ¢
245 0.81029 0.75615 210.72 126432
246 0479140 0673853 149642 89457
247 081497 0476052 458049 274486 |
248 0.81682 0.76225 525,28 314489 :
377 0478104 0.72886 - 23794 142.64
378 0679917 0e74578 - 411.00 2646439
379 081588 -~ ' 0076138 514403 308415
380 0480980 - - 0475570 . bb4e18 386617
381 0.81278 0475848 729478 - 437449
382 0480722 075329 831.59 498452
383 0480534 0e75154 901475 540458
- 602 0.80778 0475382 520649 312,02
603 0.81167 - Oe75744 ; 1056482 633.54
604 0479400 0e74095 © 1469.88 88116
605 0678087 - 0472870 1868¢42 1120407
606 0477322 0721567 - 2213497 1327.22
607 0476785 0e¢71655 v 2626479 1454481
608 0675881 .. 0.70812 L 2859421 - 1714.,03
609 0.75469 0«70427 T 3002415 1799.72
610 078178 0672956 T 1845477 1106450 L
611 0677041 - 0471894 2244426 1345438 -
T612" 0.81098 - 629073 |

075686

116684

1




TABLE 1-9 (CONTINUED)

- 1-22

0082261

369.19

RUN K C REd " RED
NO. :
613 079774 0e744404 1301448 780421 2
614 0479919 0e74580 1258476 . 754460 !
657 0.69832 0¢65166. 146474 87496 !
658 0481305 0475873 324450 1194453 i
658 0481290 0475860 324450 194453 %
659 0480424 0475051 223412 "133675 © |
659 0480471 0475095 223412 . 133675 j
660 0480240 0¢74879 193451 116400 !
660 079679 0474356 193451 ..116400 j
661 0+81740 ; 0676279 406657 " 243,73 i
661 0481746 - 0476284 406057 243473 |
662 - ~ 081418 0¢75978. 474450 284445
662 0481568 0e¢76118 - 474450 284445
663 0481440 0475999 581414 348,38 1
663 0.81108 0475690 581lel4 348438
664 0.80903" 0475498 760604 455462
664 081057 075642 760404 45562 |
665 0.80812 0e¢75413 757415 . 453490
665 080861 0675459 757415 453490
566 0480489 0675112 888402 532435
666 0.80211 0.74853 888402 532435
- 667 0.80281 0e74918 - 958451 574461
667 0079304 0474006 _ 958451 574481
668 0.79399 074094 1014438 608.10
668 0679507 ° 0e74196 1014438 608410
669 0482579 " 0677062 144439 86056
669 0.79538 . Oe74224 /. . 144439 86456
670 0.81881 0e76411 - 189.57 113.64
670 0480777 0075381 189457 113.64 ;
263 0.81015 0.75642 978e4&7 585454 |
264 081203 © ' 0475817 920445 55082
265 081352 0475956 867669 - 519425
266 0.81395 075996 793,79 475,03
267 0.81916 0e¢76483 728458 " 436400 L
268 081927 0676494 - 654457 391471
269  0.82: . 0e76805 616.93




‘TABLE 1-9 (CONTINUED)

081349 0475954

703,20

.1-23

RUN K C - REd RED

NO.

270 082550 077075 57024 341425 Z
271 082652 " 0677170 516478 309425 z
272 0.,82740 0.77253 465457 278461

273 082761 . 0677272 399435 1238.98
274 . 0482714 - 0077229 363406 217.27 i
275 0+81616~ 0476203 310.06 185.55 §
276 0.82551 . 0477076 262479 15726

371 0479936 074634 264677 158444
372 0.80518 - 075178 393426 235434 4
373" 081789 - , 076365 530004 317.19 |
374 081749 0676327 694417 415441

375 081461 —  0.76058 7899172 472523
376 0.81283 " 0675892 925412 553462
636 0481439 076038 694421 415444
637 0.81289 0.75898 939,81 562e41

638 0480562 0675219 12464645 T 744,71

639 0479980 - 0eT4676 1458413 872458
640 0.79344 074082 1686.63 1009.32

641 078679 0.73461 1852,85 1108480
642 0678450 0e73247 206798 1237.54
643 0477755 072598 2234486 1337,40
644 0.80074 - 0e764763 “1371e66 820484
699 0480980 ° 075609 " 150445 90.03

699 0679290 0e74031 150445 90,03
700 0.83938 . 078371 183,52 109482
. 700 0.80521 " 0675181 - 183452 109482
701 082864 . 0477369 261426 156434
701 082058 . 076616 261626 156¢34 |
702 082260 . 0e76805" " . 401463 240435
702 0826827 T0.77198 401463 2450435 |
703 0682324 076864 528494 316453

703 ' 0e82115 0e76669 - 528.94 316453
704 0.,82066 0.766237" 591659 354403 |
704 . 0082046 076605 591e59 354403 A
705 . . 0481585 076174 . 703420 420481
706" 420.81




TABLE 1~9 - (CONTINUED) -

1
1-2L i

RUN K C REd RED

NO. '

706 0¢81705 076286 - " 815448 . 488,01 o
706 0.81184 075799 815448 488401 !
249 0.81829 Oe 76340 79078 474453 §
250 0¢82045 -, - 0476541 783464 470424 f
251 0487115 0681271 720481 432453 i
252 0482062 0476558 678425 407400 !
253 0e82247 . 076730 - 659432 395464 !
254 0482451 0476920 632424 379439 i
255 0.81370 075911 584431 350463

256 0682340 » 0476817 - - 57258 343459

257 ' 0483027 0477458 518479 . 311,31 |
258 0682495 0% 76961 470481 282452

259 © 0681084 . © " 0475645 403464 242,21
260" 0481422 " 0675960 300412 180409 |
261 0.81861 076370 224419 134.53 - |
262 077902 072676 94436 56662

359 . 0481410 - 0075949 292424 175437 |
359 082799 0e77245 292424 175437 '
360 0482451 0476920 395450 237.33 ‘
360 0482356 0676832 - 395450 237.33
361 0.81963 0+76465 541.28 324481

361 081920 De76425 541428 324,81

363 0481857 . 0476366 838432 503405

363 0.81944 0e 76447 838,32 503,05

366 0.81729 0076247 : 812.77" T 48TeT2

366 0481145 0475702 ", 812477 48772

367 0.82509 T 0076974 - 946460 568403

367 0.81386 0075927 | 946460 568403

368 - 0681797 0676310 ! 57041 342429

368 081251 . 0475800 570641 342029 |
369 0481305 0.75851 462413 277431

370 0679211 0073897 298406 178.86

578 1.07401 1,00196 " . 696475 418.10

578 1e15465 1607720 ... 696675 418010 ¢
579 1606722 0099563 © 914466 548486

579 1.14944 1.07234 9164466 . 548,86




b

TABLE 1~9 (CONTINUED) - 1-25
RUN K C REd RED
NO ,
580 1405007 0697963 1256491 754423
580 l.11011 1403564 1256491 754423
581 1.03642 0.96690 15365411 TG21.18
581 1409301 1401969 1535,11 921418 §
582 1.02306 0495443 1787414 1072441
582 1.07882 100645 ~1787e14 1072.41 g
583 1.02144 0095292 18864625 - 113188 |
583 "1¢02144 0695292 1886425 1131.88
58% "1.07783 1.00635 665.98 358454
584 115260 1407615 665498 398.54
585 107791 1400642 1082436 . 64771
585 1.13981 1406421 1082436 64Te71
586 1,05738 " 0698725 1438,28 86070
586 1411272 . 103892 1438,28 860470
587 1.04966 0.98004 169567 1017.12
587 1409720 1602443 1699467 "1017.12
588 1405283 0+98300__ 1949402 1166034 |
588 i.08743 1.01531 1949,02 1166434
589 1,03728 0496849 2119411 1268413
589 1.09437. 1402179 2119411 1268413
590 - 1.02967 096138 230042 1376463
590 1.08750 - - 1401537 2300642 1376463
591 1404821 .- 0497869 1618457 968459
5971 1.11026  1.03663 1618457 968459 -
592 1.06753 099673 - 1058655 633447
592 1412516 - 1405054 1058455 633647
615 0.80546 . 075143 778462 467422
616 0481472 . 0476007 1083477 650434
617 . 0+79906 0674545 1327406 796433
618 0798117 0. 74457 15737345 944 T8
619 0.78803 0673517 177780 1066481
620 0.79216 073903 410471 - 246445
621 0.85034 079330 537489 32277
671 086647 0.80835 230483 138451 !
671 0680937 0675508 230483 138451
672 083760 . 335,48 201.31

Oe78142 .




"TABLE 1~9 (CONTINUED)

1-26

REd

RED

RUN K C
NO.
580 ‘1405007 0497963 1256491 754423
580 1411011 1603564 1256491 754423
581 1.03642 0696690 1535411 921418 !
581 1.09301 1.01969 1535411 921.18 j
282 . 102306 095443 1787414 1072441 ° |
582 1.07882 -~ 1400645 1787.14 1072.41 |
583 le02144 10095292 1886425 1131.88 !
583 1e02144 .. 0095292 1886425 1131.88 |
584 1.07783 - 1400635 665498 398454 |
584 1.15260 1407615 1665498 398454 |
585 _1.07791 1400642 1082436 64771 :
585 ~ 1413981 1.06421 1082.36 64TeT1 |
586 105738 0498725 1438428 860470 g
586 1411272 " 1.03892 . 1438428 86070 - !
587 1.04966 . 098004 1699467 1017.12 1
587 1409720 1602443 1699467 - 1017.12 P
588 1.05283 0498300 1949402 1166434 |
588 108743 1.01531 1949,02 1166434 ;
589 1.03728 096849 2119.11 1268413 |
589 109437 1402179 2119411 1268413 !
590 1.02967 0.96138 2300442 1376463 ;
590 1.08750 1401537 2300642 1376463 ;
591 - 1.04821 0697869 1618457 968459 |
591 1211026 1403663 1618457 968459 i
592 1406753 0099673 1058455 633¢47
592 1412516 105054 1058455 633447 ;
615 0480546 O0e75143 - 778462 467622
616 0e81472 076007/ = 1083477 650¢34 |
617 079906 0674545 . 1327406 796433 i
618 0.798171 T0e7445T 1573445 944,18 ;
619 0078803 . 0e73517 177780 1066.81
620 079216 " 0673903 410671 246445
621 0.85034 0479330 537489 322.77
671 086647 0.80835 230483 138451 - +
671 - 0480937 © 0e75508 " - . 230483 138451
672 04837607 078142 335,48 201,31




TABLE 1-9 (CONTINUED)

RUN

RED

K C . . REd

NOo~ ' ‘

672 0482307 . 076786 335,48 201431 !
673 0483937 0+78306 " 390484 234453 i
673 0.83293 0e77706 390484 234453 !
674 082676 0677130 "~ 417.46 250451 |
674 082522 0076986 * = 417446 250451 !
675 084605 0078930 - 501468 301.04 |
675 0483310 0677721  501.68 +301e04 :
676 0482930 0077367 - 515478 310611 f
677 080634 0075225 . - 585478 351451 2
677 "0e82638 . . 0077094 ~* 585478 351¢51 |
678 0482966 . 394429 |

0077400 657.07




. 'TABLE 1-10

1-28

|
|
|
|
|

697

8]

RESULTS
RUN K ¢ REd RED
NO. ' ' ’
/.

ORIFICE TYPE  SPECIAL 1%

622 0470271 0469349 663483 266071 -
623 067113 " 0666233 1581.29 635433
624 0669327 0e68418 650627 261627
625 0468742 0+67840. - 860492 345,90 - |
626 0.66393 067496 1077e13 432,77
627 067216 066335 1368460 549,88
628 0.66851 0665974 1655047 665013
629 0e66401 0465530 199084 799.88
630 0066104 . 0e65237" 2269490 - 912,00
631 0465852 064989 "2589479 1040452
632 0.65817 T 0.64953 2899.36 1164491
633 0e65713 0664852 2929.81 1177614
634 0465864 0465000 3036488 1220.16 " |
635 068355 0.67458 1025432 511495
687 0e73112 0472153 . 149487 60622
687 0671479 0e70542 14987 60022
688 071569 0.70630 " 232452 93,42
688 0671717 0670777 232452 93442
689 070720 0669792 425412 170481
689 0470360 - 0069437 .. 425,12 170481
690 0469210 0468302 647413 260400

. 691 0468498 067599 826478 332419
692 0.67552 - 0.66666 1011.26 406430
692 0667822 " 066933 101126 406430
693 0468000 067108 996474 400 ¢47
693 0.682337 " 067338 996. T4 400047
694 - 0670733 " 0469806 342402 13742
694 © 0e470154 S 069234 3462402 13742 . |
695 0469590 0.68678 528.88 212,49
696 070486 0469561 417.87 16789 L
696 0670027 0669109 417487 - 167489 ]

0. 71061 070129 304437 122.29 |

!



. TABLE-'1-10 (CONTINUED)

1-29

RED -

RUN K C RE4 "
NOe«
697 0.71120 0.70187 304037 122429
TABLE 1-11 ;
: ' :
\ RESULTS. !
. . t
RUN K C RE RED |
NO. » g
|
ORIFICE TYPE  SPECIAL 30 i
. o
. . |
645 070685 069770 679408 271.98 |
646 0.69628 0468726 937497 375467 i
647 068713 - 067823 1201492 481439
648 0467637 0466762 1438419 576402
649 0.66948 0466081 1807433 723.87
650 066508 065647 2149435 - 860486
651 0665996 0e65141 - 2549432 - 1021405
652 0.65730 0.64878 2851429 1141.99
653 - 0465763 0464911 3198.12 1280.90
654 071599 070672 368464 147065 |
655 0.67818 0466940 "T1375446 550490 |
656 068694 0467804 1215486 486497
679 - 0671365 0e70441 129450 51487
679 0.71054 0¢70134 129.50 51487
- 680 0e71634 - 070706 | .- 299495 120414
680 0.71879 070949 | 299.95 120414
6871 0471548 0.70622 4284 8% 171.76 3
681 0¢71505 0470579 428484 171.76
681 0471330 0670406 - 428484 171.76
682 069890 - 0468985 71755 287.39
682 0471350 070426 71755 - ‘287439
683 0469991 0469084 ' 688649 ¢ 275475
0e72389 98482

684

0.71451

206473




© TABLE. 1-11 (CONTINUED)

1-30

RUN K C - - REed RED ~§

NO. ! ,

. . {

684 0472170 0071235 246473 98482 |

685 0471954 071022 . . 192475 77020

685 0.71945 0.71013 " 192.75 77420
686 © 0462820 0462007 114436 45480
686 0472351 0.71414 114436 45480




APPENDIX 2

- DATA

2-1



TABLE 2-1 2.2
DATA
TRUN WS T1 PO PBO PC H U
. NO. ‘ |
AORTFICE TYPE  STANDARD 1.0 INCH §
105 380400 121640 04997926 0997478 15901 62590 _ o.97a
106 375400 131340 04997882 04997442 145898 524450 - 04969
107 265600 1027¢9 0997860 00997394 - 15895 424740 04967
108 270600 112748 00997895 06997701 145919 366520 06970
109 286+00 126740 00997915 06997701 145919 32e 440 0e973
110 300400 143860 00997981 04997655 145915 274760 - 04980
| 111 245.00__128644 04997992 0997597 145911 224970 " 0.981
1127 230400 132606 04997926 04997585 145910 19.040 04974
113 220600 142148 06997915 06997538 15906 15.030 06973
114 21500 157546 0997886 0997490 145902 11640 0.97C
115 188400 . 15844,6 04997871 04997454 15900 8e750 0966
116 16900 1644,0 00997882 00997430 15898 6495 0968
117 175400 - 1912.0__ 0997538 0.997369 145893 5.069 _ 0.936
7118 11700 137542 00997442 04997246 145884 34884 0.928
131 235400 73342 1.041800 1.042260 165940 514860 32.090
132 240400 - 78345 14041810 14042220 15937 474280 31.820
133 240600 788e¢1 1041740 14041980 145932 46660 314600
134 22000 78241 " 1041700 1041920 15926 40660 31.280
135 25500 99144 1041700  1.041620 145921  33.040 31,020
136 255400 111440 1041600 14041410 145909 254970 304420
137 232400  1108+4 1041560 1041450 145893 214620 294540
138 233400 131446 164041550 1041420 145910 156410 304420
139 18100 - 116549 1.041520 14041420 15907 11.820 30.240
140 175400 130842 14042950 14042700 145918 84640 334700
141 137400 -1207+4 10042920 14042500 15913 62250 334650
142 93400 125160 16042950 14042720 15921 2770 334650
143 66400 1727¢2 140642920 1.042730 145919 04820 ,33.670
505 190400 . 116542 14030930 14031130 165945 134090 164800
506° 190400 116542 14030930 1031130 00000 7.250 16.800
506 163400 967¢8 1030920 1030950 145931 14070 164680
506 163400 967.8 1030920 14030950 040000 74830 164680
507 170400 - 74944 1030930 14031030 145931 264200 '16.63q
v . ’ * *
! 1



{

- TABLE 2-1 (CONTINUED) . 2-3 i
‘ |
' RUN WS TI © PO PBO PC H S
:NO.o : ' ' !
507 170400 74944 1+030930 1031030 040000 140430 16.630?
508 200400 61062 1030890 14030990 040000 - 316110 164520
508 200.00 6102 14030890 14030990 1345416 2¢513 164520
509 230400 5198 1.,030880 14030950 040000 584630 164370
{509 230400 51948 14030880 ' 1.030950 1345412 44760 164370,
510 275400 485.8 14030880 14030920 040000 98.780 166340
510 275400 485,8 14030880 14030920 1345408 Be040 164340
1511 300400 461e9 14030850 1030990 060000 1316480 164260°
511 300400 . 461.9 14030850 14030990 13,5409 10697 164260
512 285400 381¢3 14030820 14031050 1345413 1460460 164220
513 300400 35644 14030800 1.031130 1345416 18550 164170
514 300400 - 317.8 14030800 14031220 1345419 234660 164150,
{515 30000 . 289.9 : 14030790 14031220 1345420 284800 164100
- i
TABLE 2-2 ‘
DATA" '
RUN "I3 T1 PO . PBO- PC H U |
NO. g
DRIFICE TYPE  STANDARD 1.5 INCH
1 87 360400 556¢8 00997952 06997970 145939 51630 069761
88 385,00 63445 00997992 0997992 145941 454400 0,981
89 390400 690e4 0998004 0997701 145919 394390 =o.983f
90 360600 68442 0997970 00997802 145927 344100 06979,
791773906007 83104 06998067 00997848 145931 264970 o.9§§7
92 400,00 950e6 06998172 04997893 145935 214590 1,001!
93 365.00 97848 00998224 00997882 1.5934 16870 1.008
94 340400 1019e4 00998203 04997893 145935 13500 1.005
95 375400 1231le4 0998244 04997860 145932 11.250 1.010>
96 335,00 123046 06998265 04997792 145927 8980 1,012
T 97 325400 131644 04998265 04997800 145928 7+330 /1.01f
/




|
. 1
TABLE 2-2 (CONTINUED) . 2l |
. |
' |
 RUN WS TI PO PBO PC H U !
INO. : !
T I
98 320400 1283.4 0998120 06997770 145925 8e512 0¢995 |
99 165400 - 67949 06998078 00997724 145921 7e121 00991
100 315400 154648 04997747 04997561 145908 44968 04956 ;
101 300600 156442 06997882 00997608 145912 4e403 0969
102 275400 165942 00997904 06997597 145911 36242 0972
103 340400 252448 04997882 04997573 145909 2.100 00972}
104 193.00 211440 06997882 06997514 145904 0910 06969 i
151 290650 39045 16042700 14042680 145916 54600 334340
152 330600 47446 14042800 14042720 145916 47+ 450 33.250g
153 345,00 5408 . 1042780 16042700 145908 39.670 33.,130°¢
154 35000 58542 14042820 14042700 145905 344650 33.070,
155 350400 . 64848 14042890 1042820 145903 270950 33,040
1156 315425 6T4e6 14042960 14042850 145902 204790 32,840
157 355400 87246 14043020 14042900 145903 15640 324750
§158 275400 78040 14043000 14042980 145902 116620 32770 |
159 245,00 79248 14043050 14043060 145902 8920 324,690
1160 290400 114846 1043160 14043170 145903 56930 32,760
161 195.00 108240 16043250 14043240 145902 3,030 32,810
162 14000 1191,9 1043380 1043340 145901 1330 32.920'
1522 248400 79844 14031890 14031950 145951 94130 17.400 |
{622 248400 798+.4 14031890 14031950 040000 5028 17.400!
523 235400 69442 14031650 14031960 145949 11050 16, 950;
523 235.00 69442 14031650 14031960 00000 6¢135 164950
(524 310,00 6714 14031500 14031980 145946 21180 164850
1524 31000 67le4 14031500 14031980 00000 114690 164850
{525 285400 430e6 14031220 14031880 145943 444200 164500
(525 285400 43046 14031220 1.031880 0.0000 240940 16.500 ;
526 335,00 40545 14031210 " 1031850 0.0000 396790 164460
526 335400 40545 1031210 14031850 1345433 30270 164460
527 320.00 323.,5 14031090 14031800 00000 58¢210 164290
528 310400 26848 14031010 14031800 040000 804280 lé.ZOOz
1528 310400 26848 10031010 1.031800 1345429 6540 1642001
529 340400 2598 14030900 14031770 040000 104¢750 164020
529 340400 25948 1030900 1031770 1345423 Be475 164020F
530 330400 22746 14031020 14031730 000000 1290900 164160 ]
530 330400 22746 14031020 1031730 1345420 10.590~»l6.160}v
. |




7326

T7350600

|
; TABLE 2-3 =5}
!
DATA i
" RUN WS T1 PO PBO PC H u
. NO. - ;
iORIFICE TYPE STANDARD 2.0 INCH
119 330400 = 33046 04998035 04998110 145953 444930 onggp
120 360600  391¢1 06997815 04998029 145947 384020 06962
121 375.00 445,5 00997724 0997992 145943 .32.110 0¢954
122 370400 484,0 06997718 06997926 145941 264130 04952
123 375,00 590e6 0997701 04997915 145937 184020 06951
124 400400 73266 00997655 00997849 145931 13.280 0+947
125360600 - 76342 . 0997632 04997792 145927 9.870 0945
i 126  350600. 8093 06997595 04997692 165921 7¢312 06942
127 400400 109846 04997573 04997514 145907 5+890 0.939
128 315600 98060 0997561 04997550 145907 40550 00939
129 285400 102046: 06997573 00997490 145902 3414 0939
130 298400 146842 06997573. 0997490 145902 1756 04939
| 144 335,00 29242 14042380 14042620 145897 49.080 324340
1457 335,40 322.8 14042400 14041890 1.5895 394870 32,380
146 375400 40444 14042350 - 14042100 145894 3164370 32.280
147 325,00 389.2 14042350 14042000 145889 254190 324290
148 330400 43748 14042300. 1042000 15889 200320 32.190
! 149 325.00 77848 14042300 1041900 1.5886 16410 32.190
[ 150 290000 __ 49540 1042350 14041900 145889 12060 324290
i 151 305400 596¢2 16062450 1041920 145882 94050 324550
152 360.00 TT6e4 14042160 1041960 145894 Te420 31.840
153 345,00 86545 14042300 14041960 - 15887 50450 324180
154 245400  865¢2 14042360 14042000 145887 2020 32.360
155 120400 99245 16042920 14042180 145896 0e¢774 33.760
516 27000 58648 14030810 1031220 040000 44287 164140
T 5177 305400 41542 1.030800 1031300 145925 20400 16.000
517 305400 41542 14030800 14031300 00000 114280 164000
518 360.00 3750 16030810 1.031380 15928 354680 164090
518 360400  375.,0 1030810 14031380 00000 19660 16.090
1519 365400 277e4 14030840 1031400 040000 374950 164110
| 519 365.00 277¢4 1030840 1031400 1345416 3065 16 11o
2191 714030810 14031450 040000 56900 164100

|
!




i

i

TABLE 2-3 (CONTINUED) 261

: , - 1
RUN WS TI PO PBO PC H u o
' NO, . ‘ 3
i

. 520 350600 219¢1 14030810 1031450 135417 46640 164100
L 521 210600 21766 14030910 14031560 060000 19950 164200
{

-TABLE 2-4 E

, %

RUN WS TI PO PBO pPC’ H vy
NO. :
ORIFICE TYPE  SHARP 140 INCH '
16 295400 101965 00997442 06997585 165909 514048 04948
17 280625 100847 04997369 06997970 145941 484 400 0.921
18 275¢00 1071e5 04997394 0997992 145943 41400 0.924
19 275600 104906 00997271 04997678 1645917 434223 06922

| 20255400 _1064e4 06997146 0997418 145897 36183 06902
21 280400 113649 06997146 04997246 1.5884 384383 0902
22 250400 1119.9 06997120 06997196 1.5800 31507 0900

7 23 230000 114549 00997146 00997171 145765 254360 04902
2  210.00 1130e7 04997120 0997146 15765 21.685 0900
25 200000 117662 00997221 06997120 145745 184170 04909
26 160400 - 105240 04997992 0997171 145780 " 144573 04914
65 240400 166348 04998244 04997345 145891 126792 1,100

| 66 205000 168443 06998162 04998345 145975 94945 1.000
67 260400 226440 00998224 0998424 1.5982 84063 1078
68 210400 2046¢3 04998405 04998244 145979 . 64371 1.100
69 170000 192741 0998078 04998305 - 145971 4e649 04991
70 130600 171741 06997948 04998224 145964 34395 06976

T TT 10064007 1949,9 06998120 06998203 1.5962 1526 04996
72 90400 278644 0997837 04998141 145956 0e617 04965

i 163 265400 85840 14042680 14042390 145874 52,860 32,780
164 29000 102044 14042750 14042580 1.5878 444810 32.800
165 248.00 93845 14042960 1.042780 145880 384530 32.830°
166 258400 108740 14042920 14042860 145882 300880 32,860
167 250400 1208.0 14043110 14043000 15883 234150 324930




]

TABLE 2-4 (CONTINUED) 2%71

f

- RUN RS T PO PBO PC H U J
_NO. ‘ |
168 - 210600 - 124344 16043250 10043150 145883 156170 324930
£ 169 180400 1191.6 - 1043420 1043280 1.5884 12.130 32,990
T 170 180600 135645 14043410 14043180 1.5878 94160 32,750

172 132.00 130602 14042700 14042500 145858 5¢280 314600
173 230600 271842 16042900 14042590 145858 34540 31,980
(174 85400 1877¢8 1042980 14042590 15852 1,000 31.930
537 89,00 75604 16031400 14031320 145926 7¢450 174450
537 89,00 7564 14031400 14031320 040000 46075 174450
538 122600 64947 . 16031250 1031270 145939 19.440 174200
538 122400 649,7 1031250 14031270 040000 104680 17.200
539 179.00 67603 14031210 1031800 145915 39660 17.100
réad““1792bo 676¢3 14031210 1.031800 040000 21716 174100
3540 199600 .« 583,7 14031180 1031220 040000 364400 17.000
1540 199000 .583,7 14031180 14031220 13.5400 24950 17,000
541 244,00 567¢7 14031100 1031100 040000 58390 164840
541 2444C0 5677 1031100 14031100 1345395 46725 164840
542 245400 479¢4 14031120 1031110 0+0000 83.080 164860
5427 245,00 47944 14031120 14031110 13.5391 6750 16.860
543 293,00 494,9 14031070 1031080 00000 1126320 164750
543 293,00 494,9 16031070 14031080 1345390 94195 164750
544 295.00 44647 14031010 14030980 13.5384 11470 164700
545 303400 39843 14031060 14031100 1345390 150400 164720,
546 285400 33500 14031050 14031210 13,5398 190240 164730
547 280600 29246 14031020 10031280 1345401  24.400 166680

1 548 275400 , 2579 14030980 14031310 1345402 300420 164630,

. , ]

N i !

‘ !

; y |
!

L




TABLE 2-5 2-8
DATA

RUN WS TI PO PBO PC H u .

' NOo E

\ORIFICE TYPE  SHARP 1.5 INCH-

37 290600 488e4 04997196 __0+997146 15765 44376 0917
38 315600  560e7 06997069 0997345 145891 390855 04896
39 325,00 612.0 04997105 00997296 145888 356352 0.899
40 270000 - 53841 0997069 06997296 1.5888 316615 04896
41 280400  613e6 06997018 06997246 145882 260782 06892
42 250600 59547 06997018 04997246 15882 224187 0892
| 43 245.00____652.5__ 06997146 __0¢997394__ 145895 17670 04902
44 250600 72440 06997296 06997490 145902 140894 0914
45 235,00 T747.8 06997369 04997514 145904 12.313 06921
46 290400 94148 00997221 0e997538 145906 114940 04909
47 265400 89005 0997044 06997345 145891 11102 04894
48 285000 100847 09997120 0997271 1.5886 9.968 04900
| 49 290000 106548 0997095 0997538 1,5906 94156 04898
50 -~ 225600  879e8 06997271 04997724 145921 84065 04913
51 265600 113167 00997369 00997490 145902 6774 04921
52 235,00 106248 06997320 06997701 145919 60018 06917
53 240400 1189,3 04997320 00997538 145906 56050 06917
54 225000 128349 00997146 00997724 1.5921 3.748 04902
| 55 200400 134646 0997271 06997724 145921 20650 04917
56 19000 177545 04997246 0997120 1.5874 1345 0e91C
57 129000 1977e7 06997320 0997320 1.5889 0e496 06917

184 375,00 53948 1042900 10043120 15890 54¢ 700 32628C
185 385400 7070 ~ 10042900 14043090 1.5888 32.980 32.22¢C
186 360600 5624 19043040 14043090 145889 464220 32.69¢C
| 187 310600 51204 14042850 1043190 145891 41330 32,12¢C
188  365.00 73548 14042820 14043170 15891 27.360 32.02C
. 189 415600 96446 14042780 14043080 145887 20410 31497C
190 395000 103846 14042790 1043080 1.5886 15750 31.90¢
191 345400 104504 14042270 14042900 145877 11770 30461¢
192 33500 114640 1042440 1042760 145872 94120 31.00¢C
193 250400 95246 14042520  1+043460 1.5901 70340 31426
194 205400  969+4 14042540 14042780 1.5863 44665 31.35c

x
1

|

-
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TABLE 2-5 (CONTINUED) 2-9!
- RUN WS T1 PO PBO " PC H U )
' NOo - ‘ f
195 135,00 108804 1042570 . 14042450 145857 1¢570 31,410
557 165400 56208 10031080 1.031400 145916 94500 164670
557 16500 56268 16031080 1031400 040000 56240 16,670
i 558 230400 53065 1031060 14031420 15915 200960 164620,
%553 230400 53065 14031060 14031420 040000 11570 160620
559 275,00 498,6 14031080 16031420 15915 344330 164630
559 275400 49846 16031080 14031420 0.0000 18878 16.630
560 305000 41065 1¢031120 10031450 00000 340810 166670
560 305,00 41045 14031120 14031450 135401 24850 164670
561 370000 438,1 14031050 14031480 00,0000 454310 164570
561 370600  438e1 16031050 10031480 1345402 34650 164570
562 295000 30303 14031070 10031510 040000 60¢380 164580
1562 295.00 30303 16031070 14031510 1345406 44980 164580
1563 300600 26848 14031090 . 10031520 040000 79.620 16,600
563 300600 268.8 14031090 1031520 13.5408 64500 164600
564 300400 2300 14031100 14031590 060000- 109.350 164610
564 300600 . 23040 14031100 10031590 1345411 8.880 164610
565 300600 21163 14031080 16031640 0.0000 128+630 164560
565 300000 211e3 14031080 14031640 1345411 104500 164560
- - TABLE 2-6 ’
/ |
, DATA / !
i {
“RUN WS Ti- . PO PBO PC H Ui
NO, ; I
|
1
ORIFICE TYPE SHARP 2.0-1NCH f
I 73 265600 25468 00997792 0998035 165947 - 484190 04960
i 74 350400 361.8 04997915 04997948 145940 414650 06973
! 75 385400 42404 00997821 06997815 11,5928 366712 0.961
i 76 385.00 46546 04997759 0997918 145937 304550 0957
E 750947 060997926 00997666 1.5916 264000 04974
I
l

“7777390.00
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TABLE 2-6 (CONTINUED) 2-10
: |
RUN WS TI PO PBO pC H u
NOo. ' |
78  380.00 55444 00998045 00997826 15930 21.010 00987
79 385000 ° 64602 06993193 06997826 105930 154730 1,003
. 80 390000 763,8 00998183 04997826 145930 11,510 1,002
81 385,00 82502 00998130 00997735 145922 94600 06994 .
82 370000 911,8 00998067 04997804 145927 74230 04989,
783 370,00 1023,2 06998045 00997644 145914 5¢742 0987,
84 360600 127066 06997904 06997618 145911 36546 ~ 06972,
85 260000 122946 06997886 00997618 145911 1.929 0¢970
86 280000 165042 00997886 06997644 165913 1e212 06970 :
172 32000 2670 14041570 10041780 145860 594150 30,780
173 320000 28344 1041600 14041840 145862 520190 304810
1174 365600 . 351¢3 1041920 1.041600 15850 444160 324550
1175 360000 37648 10041920 14041570 1.5848 374210 31.450,
{176 390600 47304 10041950 10041580 145847 270400 31,460
177 350600 50100 10041980 14041670 145850 19580 31,470
178 345,00 58948 10041900 14041700 145852 13460 314270,
179 320,00 62749 10041910 14041700 145851 10120 3;1;80
180 240600 526e1 10041510 14041750 145852 82060 306240
181 350400 908¢6 10041760 1041670 145848 50640 306800
1182 275400 100202 16041610 14041530 145842 24890 31,010
183 255400 136642 16041930 14041610 145840 1¢330 31.190;
549 260,00 636e4 10030910 ' 14031380 145922 6560 164500]
550 295,00 49600 14030930 - 16031320 145918 144210 166510
550 295600 496,0 10030930 10031320 000000« 74816 16 510
1549 260,00 6364 10030910 14031380 040000 . 36656 164500
1551 355,00 462.4 10030900 10031300 145917 234890 160,440
551 355400 462.4 10030900 14031300 0.0000 13120 164440
552 350600 373,9 ‘10030970 16031400 145917 354995 164530
552 350000 3739 14030970 14031400 00000 19670 16+530_
1’5537 310600 261.,8 16031000 1031420 040000 31800 164540
554 300600 282.,6 14030980 14031420 040000 254450 164530
1555 350600 25602 14031010 14031370 040000 42,380 164600,
350,00 232.3 1.031040 ~ 00000 51.570

164610

'
i
|
|
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TABLE 2~7 2.11!
{
DATA @
" RUN WS T1 PO PBO PC H VR
3 NO. .
ORTFTCE™ TYPE GoSe BETA=0.2
]
i 226 148000 161146 10042190 10042270 145899 67660 310910
% 2277 100,00 1187.6 10042200 14042030 1.5882 58,070 31+850
1228 100600 129409 10042360 10041990 1.5878 484980 32.100
229 101600 1427.8 1.042300 14041970 145874 416280 31.940
230 114000 1791.4 16042350 14041920 1.5871 334590 314940
231 80000 1472.9 10042320 1.041850 145866 240950 31,700
232 72000 162206 10042400 10041870 105862  16+950 31,700
7233 656007 1856.0 14042440 14041890 145860 92840 314670
| 384 72000 797.8 14028550 10028350 145877 69¢040 144165
1 385 54600 853,8 1028600 14028370 145872 32740 14,155
386 68.00 1786¢0 10028650 16028400 145871 11810 144165
396 87000 1709¢4 10029760 14030580 040000 - 114400 154340
| 397 . 87.00__ 105442 1.029730__10030310__0.0000 _ 31+120_ 15, .310
398 90,00 941.8 1.029550 14030020 00000 42460 154110
399 89000 80769 10029430 1.030060 000000 57¢830 15020
400 110400 89343 14029480 14030000 040000 754330 154020
401 146000 10772 10029350 14029870 0.0000 93,900 140930
402 158400 104508 10029360 10029860 040000 120070 144920
403 144,00 87008 10029360 14029830 1345413 ~ 11960 144900
4047 T194%007 T034,5716.029310 14029840 1345411 1543100 140840
405 205600 9776 16029330 10029840 1345411 19.260 140840
I 406 193000 83442 10029340 10029850 1365410 23660 14,840
407 248400 997.,0 10029340 14029890 1365412 274580 144830
408 218400 80248 10029350 14029910 1345412 334310 144840
409 194,00 66704 14029360 10029930 13.5411 404040 140830
410 22600 730e1 16029410 16029950 135409 456570 144850
' 411 268400 82168 10029420 14029910 1345408 504850 146850
{ 211 168,00 8975 10042300 14042510 145901 590900 31860
212 160000 - 902.9 1.042260 1.042410 1.5898 53¢570 31830
213 186000 110768 10042190 1042360 15897 47.870 31.680
214 130400 801¢5 14042100 14042220 145897 444630 314540
T215T133,00 8714 14042070 1.042170 1 f’s&@s“”5673§6““§fiyaq
| |




T1.042340

1
: TABLE 2-7 (CONTINUED) 2-12 l
? 3
RUN WS TI PO PBO PC H U ;
NO.o ' '
1216 - 145000 1017¢3 10042000 12042110 1.5890 340520 310370
1217 103,00 813,0 16041910. 14042090 165887 274130 31,350
1218 100,00 890.4 10041880 10042020 15888 210390 31,280
{219 188000 1865,2 14041800 16042000 145885 17290 31,190 -
1220 95000 105665 1041770 1.041860 145878 130800 316150
2217779400 1208.6 16041760 1041810 145877 10370 31.190:
222 103400 1440.0 10041800 14041890 1.5898 84788 31,700
(223 95000 1494,0 14042160 1042150 1.5895 7.001 31.800.
224 86000 164746 10042140 14042170 145893 44829 31,830
393 227,00 254048 10028850 14028450 145858 13.780 13,980
394 125,00 108142 14028790 10028460 15858 234390 130875
142177792500 . 87747 10029730 1.030140 000000 104350 15,210
{422 200000 1324.,8 16029630 1.030070 060000 224350 156110
1423 154000 8054 10029570 1030000 060000 374460 15,025
424 216,00 100806 1.029480 14029930 00000 48160 140940 |
425 187400 801s6 10029450 16029900 040000 600900 146900
425 187,00 7826 10029450 10029900 040000 604900 14,900
426 304000 114104 10029480 10029840 00000 77250 146940 .
427 194400 58948 10029430 14029790 060000 121770 14890
428 197400 65304 10029440 10029740 0.0000 100860 14,910
429 225400 65708 10029400 14029670 040000 1364000 14,860
430 310,00 85202 16029400 14029630 1345363 11050 14,860 |
431 195,00 495,6 16029320 10029510 1365390 140410 14, 7803
(43277203007 463.6 10029310 1029500 1345387 182160 144770,
1433 244,00 50863 * 16029690 14029570 135389 22.000 15,180,
1634 245,00 46604 1029420 164029560 1345388 260630 14.9ooi
435 250400 431,4 16029410 1029580 13.5386 32¢730 144900
[ 436 250000 39749 16029400 14029550 13,5382 38¢810 14.880.
196 235,00 7438 1.041960 14042160 145895 58700 31,810
1977 2550007 "842.5 10041970 1042160 15894 53570 31,760
198 240,00 83769 14042010 14042410 165902 474840 310840
199 200600 7447 16042030 14042360 145902 414710 31.870;
<2oo )~ 215600 854,5 14042060 1.042410 1.5902 366490 31.970'
£201 190,00 809e1 14042130 1042440 145901 31580 32.,060L
{202 180,00 86le4 1042200 14042340 145900 244860 32,140
2037155400 818,8  14042500 15901 164340 32.310]

|
1




TABLE 2-7 (CONTINUED) 2213
’ 1
RUN WS TI PO PBO PC H U
NO. ) - | f
f204 155,00 105804 10042250 16042380 165900 12,160 320280
i205 15000 794.8 16042290 10042240 165898 206150 32,330
;zos 115,00 857.6 14042310 14042230 145895 100210 32,300 :
1207 103.00 87003 10042340 10042150 145891 74950 324300 ;
j208__ 97,00 962.0__16042300__ 10041860 105885 50832 32,140 !
2097 77,00 957.0 14042330 1.041830 1.5882 30812 32.080
210 800600 153006 1042380 10041800 1.5878 1661 32,080
387 260600 83404 10028850 10028350 145869 6306920 ° 14,380
388 235000 839,0 . 1.028890 1024420 145865 50930 14,280
389 185,00 76263 16028910. 14028450 145864 394640 144275
390 236,00 105848 10028950 1.028380 145859 31220 140250
1391777159500 © 82545 10029020 1.028380 145856 226810 14,260
1392 157.00 1219.0 10029080 19028460 145859 9¢720 14,300

1412 156000 83864 16029590 10030030 0,0000 116290 15,010 '

413 190.00 T64eb 10029510 10030050 060000 216070 14,900 | -
414 220000 7244 16029540 1.030050 060000 32600 14,960
415 270,00 76200 16029360 10030060 040000 472130 140950
415 270,00 - 749.3 10029360 10030060 000000 470130 144950
416 270000 . 66364 10029590 1030070 0.0000 61430 1449701
417 293000 65406 . 10029570 ‘164030080 00000 750290 140940 |
1418 305,00 614.2 16029600 14030130 ' 040000 944050 140960
419 275,00 50868 14029610 1030090 040000 112180 14,970
420 290000 504¢2 10029620 16030190 06,0000 1284170 144970
1 !
|
|
i
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TABLE 2-8 2-1l |
!
- DATA. f
“RUN WS 1™ PO PBO PC H u
" NOo» ) z
ORIFICE TYPE GeSe BETAS0.4 - !
g
| 278 252600 73007 10045490 10045710 15918 600340 36,000
27977375.00 119201 10045380 1.045630 145916 490830 35870
280 245.00 843,5 16045290 10045500 145916 424320 356830
281 301000 112745 14045160 10045140 1.5903 35,720 35.900
282 230600 972.8 10045030 10044930 165897 27900 364080
283 330000 1669-5 10045060 14044970 11,5893 19410 36.160
284 182,00 105462 10045070__10044870__ 105889  14¢810 360470
285 160000 109543 10044980 10044730 105887 106650 366520
"4 286 121000 949,8 1.045000 1.044780 145890 86160 36,900
287 170000 1829,2 1.044780 10044480 105885 40578 36,410
{7288 130,00 1494.4 10044690 10044250 1.5876 3,800 364470
289 152,00 2122¢6 1044610 1044000 145871 2768 360430
290 105000 24584 10044480 10043980 145871 1031 36,280
335 225.00 643¢5 16036350 10036220 145886 64e450 220600
336 215000 66007 10036380 16036250 1.5885 556490 216980
337 310600 103705 1.036380 10036220 1.5883 460440 22,450
338 245000 901e4 14036350 1.036180 1.5881 38¢150 224330
339 165000 682.4 16036480 1.036340 165880 294940 224530
340 - 175000 83008 14036540 10036300 195879 226500 22530
3417 157000 - 83044 10036590 10036400 105878 17.930 22.530,
342 150600 959,6 1036570 14036400 145876 12190 22,580
343 140000 1115.4 10036720 14036500 165877 7980 224680
. 452 160600 579.8 16029070 10029870 040000 11.080 14,770
453 168,00 62400 10029780 14030170° 0+0000 21330 15,500
454 1806000  541¢5 10029680 10030060 0.0000  32.970 15,370
455 230000 © 87000 16029680 1029880 000000 200330 156370
456 220,00 56605 10029550 16029870 00000 45,910 154240
' 457 231,00 53168 1029710 10029930 040000 . 586000 15,470
{ 458 220,00 416,5 1029400 10029880 0,0000 870930 15,010
| 459 265400 441,6 16029310 14029880 000000 1144890 14,930
| 460 260,00 38002 - 10029360 10029810 1345426 120230 14,980
[ 235,007 26544 14029330 12029670 13¢5421 164080 144970
%




g TABLE 2-8 (CONTINUED)' 2.15i
'RUN WS TI PO PBO PC H U i
NO. ' ‘ |
462 300000 335.1 16029340 1029740 135419 19.960 14,980
463 275000 283,6 10029310 10029720 1305419 250470 140975
496 122000 793.5 10030100 1030680 00000 60640 .15.730.
496 122,00 793.5 10030100 1.030680 145929 11940 156730
497 17000 56104 10030010 10030620 165927 490280 15.610
7697771700007 56164 16030010 16030620 000000 27060 15,610
498 223,00 5310 10030010 1030610 000000 530820 154580
498 223600 5310 10030010 10030610 1365407 44330 154580
499 305,00 635,2 1.030000 1.030550 0.0000 71580 15.570.
500 305000 635,2 10030000 16030590 13,5405 - 50850 15,570
1500205400 33160 10030030 1.030580 0.,0000 1210800 15.620°
500 205000 . 33150 10030030 10030580 135400 9890 154620
{501 265400 385.7 1.031000 1.031700 1345483 126270 17,150
{502 300600 393,8 1,031030 10031580 13,5480 150060 170200
503 250600 29668 1.030970 1031500 1305477 18900 17.080°
504 300600 32762 16030900 10031420 1305471 22780 164980
303 350000 48242 10043810 16043610 145862 580260 340890
T304 380400 5574 10043880 14043820 145866 51050 34.810"
305 375000 59609 14043980 10043830 145864 434170 34,890
1306 390000 682.9 10043980 1043800 105860 350320 34,890’
307 365000 7320 14044100 10043990 1.5858 260650 34,880
308 400600 923.0 1044200 10044930 165856 19,960 34, 900‘
309 279.00 72304 10044280 10043900 165849 156770 346920’
310 290,00 91608 10044370 10043950 1.5847 10530 34,940
1311 208,00 76806 10044430 10044000 145844 7:660 34,980
1312 293600 1223.5 1044470 10044980 1.5839 66024 34,940
{1313 195,00 104604 1.044400 10043900 105834 30654 34,740,
314 300s00 '2452,0 1044500 14044050 15831 10610 34,650
315 400,00 583.0 10036120 10035660 105876 530540 224600
3163800007 610e4 16036210 10035680 15874 430620 22,750
1318 284450 50402 10036210 16035620 1.5872 354420 220750,
i319 365400 74408 10035900 10035580 1.5871 260430 224330
320 280600 699,8 1.035800 1.035510 1.5869 17.410 22,150}
1321 230400 636s4 1035760 1035510 145869 13,960 22,110L
322 340000 107066 - 10035750 10035480 145869 100630 220100]
73237 7225,007 899, Z“‘f?o3seso ‘17635230”“YT5Eéq'”“'gigfd‘“fff§ﬂﬂ
N . i
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TABLE 2-8 (CONTINUED) 2-16; |
: s !
' RUN WS TI PO PBO PC H U i
NO o ' :
1324 215,00 110604 10035640 1.035120 105869 30900 21,980
1325 115600 114667 10035640 10035140 105870 1050 21,970
é326 y 290600 4364 10035590 1.035180 145869 50500 214890
327 255400 413,5 10035560 1¢035180 145872 426930 21.860.
320 280000 69908 __1.035800__16035510___ 08739 __ 59760 __ 22, 150
321 230000 63604 16035760 16035510 068739 47.890 220110
§322 340000 10708 10035750 1.035480 0.8738 360460 22,100
1323 225,00 899.2 10035650 10035230 0.8733 224460 21.970°
324 215,00 1106e4 10035640 1.035120 068731 13.230 210980
325 115000 1146.7 10035640 10035140 068731 30350 210970
1347 101000 ° 104903 10035720 16035110 008719 30520 210970
1347 101,00 1049,3 1.035720 1.035110 1.5847 00950 21.970
348 174600 827.,0 16035700 10035020 165844 40615 21,880
1348 174.00 827,0 16035700 1035020 0.8716 164130 21.880]
349 225,00 768.2 1.035770 1.034980 1.5841 9.120 21,920
349 225000 76802 10035770 16034980 008714 314480 214920
1350 265000 73223 10035830 1035010 105839 140150 219901
350 265600 732e3 16035830 1.035010 008714 480550 216990
351 265000 6200 16035930 1035000 . 105837 20040 22,110/
i352 270,00 543.4 16035990 10035090 145838 27420 22,090
1353 235,00 43747 10036010 . 10035100° 1.5836 326470 22,080
354 290000 50600 10036130 - 10035190 1+5834 366970 22,220/
355 305000 - 507.6 10036150 10035130 105832 400950 220180
356 280000 448,2 1.036150 10035160 105829 444560 22,140
357 315,00 - 478.4 16036210 1.035280 145830 494750 220190;
1358 290600 43002 10036280 14035360 145832 52100 22,2401
. 437 224400 538.4 16029410 1.030250 00000 56410 15,170,
438 250600 4174 10029390 1.030230 00,0000 11520 15,135
439 320000 45404 10029320 10030230 040000 160160 15,060
' 440 320000 377.0 16029230 1.030080 0,0000 23,790 14,950
441 315,00 3273 1029210 "1.030080 00,0000 306790 14,930
1442 330000 29804 10029040 10029830 0.0000 406970 1407401
{443 320,00 3084 10029060 10029810 0.0000 35900 144750
{444 265000 2226 10028960 14029890 0.0000 47350 14.630°
1 445 280400 24546 - 14028970 1.029880 0.0000 610200 14,640}
[479 190,00 681.0 1.030680 1. o3113o 1e 5957 Be120 164630
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: TABLE 2-8 (CONTINUED) 2-17 !
a

RUN WS TI PO PBO PC H u . i

N0 ' ’
i 479 190600 681,0 16030680 1.031130 000000 ' 40560 160630
480 273.00 6258 10030720 14031070 145952 200940 16,700
480 213,00 625.8 10030720 1.031070 0.0000 11,580 160700
1481 265400 475:7 10030570 1.030940 165945 35.080 160440
1481 265000 47507 10030570  1.030940 0,0000  19.280 160440"
4827 275000 42000 16030610 10030900 .000000 27280 160510
483 290,00 36702 10030590 1.030830 000000 . 40690 164450

' 483 290,00 36702 1.030590 1030830 1365420 30230 166460
"48% 250000 282.4 1.030480 1.030800 0.0000 516690 164280.
484 250000  282.4 10030480 1030800 13.5416 40170 164280

485 300,00 ' 288,3 1.030350 1.030700 0,0000 72620 164110

485 300,00 288.3 16030350 10030700 1365411 56950 164110
i 486 300400 254.0' 1.030340 1,030730 000000 944170 164100
‘486 300,00 254,0 16030340 10030730 13,5409 7670 16.100'
T487 325,00 25604 12030250 14030620 0.0000 1094890 15.950
487 . 325,00 25604 14030250 10030620 13.5405 "8¢900 15,950

291 310.00 '283,9 10044060 1.043870 1.588% 600110 35,650

72927 345,00 289.0 16044050 1043810 105880 520870 350520
293 335,00 312,0 10044080 10043760 105875 .42.560 35,510

294 390000 « 42409 1o044150 10043760 165873 300590 35,720

i 295 370000 448,2 10044250 10043630 1.5869 240530 35890
296 350000 47603 10044180 10043790 1.5867 19160 35,820

297 350000 52763 1044150 10043820 1.5867 15.580 350760:

172987 275,00 470,64 10044140 16043900 105863 11970 35,600
299 200000 4149 1.044140 1.043880 1.5861 8,080 350510

300 290000 742.7 10044190 10043770 105860 50276 356520

301 305,00 975+8 10044300 10043620 1.5852 3.369 35,800
302 332,00 1460,0 ‘10044250 10043480 105846 14689 35,550

327 140000 86805 10036230 10035990 008735 3,000 22,640

3277771406007 7868.5771.036320 16035990 15879 (0890 22,640

328 250,00 63604 10036300 10036020 1.5876 56350 22,620

328 250,00 63604 10036300 10036020 048733 186690 22,620

329 230,00 78604 10036360 14036080 1.5876 2.950 224520
1329 230000 78604 16036360 10036080 08733 100300 22.520-
| 330 375,00 77700 - 1s036350 14036100 1.5875 84190 22,320,
28.520  22.320

{330"”3751od”““77726“”1:636366“”T76§ET60 0.8733
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TABLE 2-8 (CONTINUED) 2-18 !
. E
.RUN WS TI PO PBO - PC H v !
NO . ' i
1331 280000  493.6 10036250 10036190 145873  11+480 21,910
" 1331 280400  493.6 16036250 14036190 048733 396970 21,910
332 345,00 54444 16036310 16036210 165873 140550 2109801
332 365,00 54444 14036310 16036210 048734 504470 214980
1334 315000___ 39641 10036250__ 10036410 145874 23550 217320
334 315,00  396e1 16036250 14036410 008736 824000 216730
344 225,00 60402 10036950 14036600 15877 2870 22.970°
344 225000 60462 10036950 1.036600 048741 10.030 22,970
1345 280,00 536e4 16037130 1.036580 145877 5¢760 2341401
345 280600 53664 10037130 10036580 048739 194720 234140
346 240600 35742 14037260 14036620 145876 134170 230260
(346 240000 . 35742 14037260 10036620 08740 490220 230260 .
i447 325,00 365.0 14028990 1029850 0.0000 80920 144670
1446 300400  485.4 10028990 10029850 00000 46100 144670
448 340400 31740 16028990 14029820 00000 13170 144670,
449 360600 3070 16028990 14029870 040000 15+920 146670
450 375400 27446 14028990 1029830 040000__ 21700 144670
G517 390400 2594 1.028980 16029830 060000 264470 144650 .
488 236000 63040 14030160 1+030570 145927 5110 15, 800 |
1288 236,00 63040 14030160 1030570 000000 24870 154800
289 245400  634.5 14030160 14030570 165923 5¢333 15,800
289 245400 ~ 634.5 14030160 14030570 0+0000 34000 154800
490 325000 61le4 14030130 10030660 15928 106330 15 710!
(490 325,00  611.4 14030130 1030660 040000  5.740 15,710}
f491 320400 38943 14030110 1.030770 145935 264080 15.730f
1491 320000 389.3 1.030110 1030770 0.0000 14370 154730,
492 315400 33344 1.030110 14030810 145938 344970 15.750,
492 315.00 333,4° 14030110 14030810 0.0000 194310 15.750!
493 325400 28942 14030100 10030850 060000 27530 150710
493325007 289,27 15030100 14030850 13¢5416 24215 15,710
494 365400 283.0 14030070 14030800 00000 364890 154670
494 365,00 283,0 14030070 14030800 1345415 30060 15.670!
7495 370400 25541 14030080 14030670 040000 46910 154670,
£495 370600 255.1 16030080 16030670 135414 3¢820 154670}
| —
, i
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TABLE 2-9 2-19 !

) t
. !

DATA E

| RUN WS TI PO PBO PC H u
' NOo ,
ORIFICE TYPE GeSe BETA=0.6 ,
235 355,00 430e1 10044350 10044390 15930 51970 360830
236 335,00 4334 10044280 10044380 145925 45,080 364300
237 330600 47065 16044000 16044200 145920 37.310 35,850
238 400,00 65500 10043920 1+044090 145916 280810 35,720
239 390,00 74649 10043870 14044030 145912 21250 354600
240 305000 645.6 14043630 1044070 145906 17050 34,980
241 280000 68802 10043700 1043990 145903 12.580 354190
2427 2654000 72844 14043680 10043890 15902 10040 354280
243 230600 71800 ' 10043680 1.043810 145900 7810 . 354320
244 252600 96446 1e043710 10043700 145896 56160 35,490
245 197.00 930.0 1.043760 1043790 145900 3,460 35.700
246 140600 93249. 16043710 14043780 145901 14820 354670
247 245.00 531e6 1043710 1043980 145902 160190 35,700
(7248 290.00 549.4 14043700 14043770 145903 21130 35,690
377 180600 115248 14037320 14037210 15877 2020 234450
378 190,00 69940 14037450 14037240 145874 56850 236630
379 245,00 71646 1.037660 1.037310 .1.5873 8.880 23,760
380 275.00 641e6 14037600 14037350 165896 14110 23,770
381 330400  68ls1 14037520 14037380 145866 _ 184000__234720
7382777280400 505e8 16037670 10037450 15864 234830 234780
383 285.00 473,83 14037620 1037540 145864 284270 234830
602 240400 94142 10031790 1032090 145918 46980 17600
603 210.00 409.4 14031680 14032110 145916 19970 174440
604 245400 34440 1031700 14032090 145916 400230 170410
605 300400 330e6 14031690 14032080 040000 364605 174450
606 360400 337437 10031670 14032080 040000 514640 176320
607 300,00 25640 - 14031610 14032080 040000 634130 170350

i 608 340,00 24547 14031640 14032070 040000 90150 17.390
i 609 330.00 22842 14031590 14032070 060000 994550 174310
610 300.00 33742 14031590 1.032000 00000 350110 17.320
611 300400 27840 14031550 1032040 060000 536200 - 170280
1454007 420.7  1.031950° 1.032090 9.030 174270

i
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; TABLE 2-9 (CONTINUED) 2-20 |
i
- RUN WS TI PO PBO PC H U !
;“NO. ' ) ;
!
613 . 140400 22449 14031490 16032110 145915 304465 17,190
614 200400 33046 16031550 16032080 145915 284660 17270°
657 191,00 111447 1.046800 1.048050 145950 34035 41.350.
1658 295400 7610 1e046850 16047750 048767 364640 424300}
1658 295400 76140 1.046850 16047750 105934 114490  424300°
659 328400 1237.8 14046940 10047710 068763 17460 424050
659 328.00 12378 1.046940 10047710 15932 5¢480 426050'
660 245400 1072.0 10046890 10047730 008767  13.075 410820
660 245000 1072.0 14046890 14047730 145930 44160 414820
661 285.00 59608 1046830 16047720 145929 170260 416590
661 285,00 59648 10046830 _1.047720__0.0000___ 80980__ 41590
662 262000, 46504 1046940 10047770 165929 244180 42,010
1662 262000 46544 1.046940 1047770 0.0000 120535 42,010
9663 280400 40606 1046920 1.047800 145933 366145 410960
663 280000 40646 14046920 1047800 040000 1Be970 . 41,960
664 295.00 32646 1.046940 10047760 040000  32.800 42,080
664 29540032606  1.046940_ 1.047760_13e5426 . 20740 426080
665 310400 36142 1.047030 12047800 060000 334250 420480
665 310400 34142 16047030 14047800 1345423 2.785 42,480,
1666 285400 26846 14046990 10047880 040000 454710 424300’
© 1666 285400 268+6 14046990 10047880 1345429 34860 .424300!
667 340400 295.6 14047040 14047880 040000 530990 424480
667 340400  295.6 1.047040 14047880 1345431 4e640 42,480
lt668 300,00 24645 1.047020 1.047900 040000. . 61.816 42.480,
1668 300400 24645 1e047020 14047900 135431 5¢170 420480,
;669 11000 632.6 14047080 1+047810 048769 70150 420630]
669 T 110.00  632.6 1.047080 14047810 15933 24415 42,630
670 189.00 817.9 14047190 14048120 048778 124890 434150'
| 670 189400 8179 14047190 14048120 145943 -~ 4130 430150
7263 365400 250.1 1044240 14044560 145924 35,150 364040,
264 340400 248,00 14044240 10446640 145927 304860 35 990=
1265 375.00 29040 14044240 10044730 145931  27.340 36,010
266 375400 317.0 14044230 14044740 145933  22.850 36,010,
267 365400 33546 1044250 16044670 165929 194080 364070°
{268 390400 399.,8- 1.044240 14044630 145927 15350 364010]
1269 365400  397,0 1.044240 14044540 145924 134530 364010
|
{




}
3 TABLE 2-9 (CONTINUED) 2.21 |
RUN WS TI PO PBO PC H U t
NO, ' ‘
1270 335000 39442 1.044240 14044590 165924 116480 360010'
(271 250000  323,8 10044260 1.044630 105926 94450 364100;
272 325,00  469.6 10044500 1044580 165922 7580 35.910°
273 320400 53840 16044220 10044510 145918 5600 35,990
274 375,00 69668 14044170 14044400 . 145914 40593 35,820
375 375.00  812.7 1.044210 1.044400 145913 34468 35,960
276 290600 74362 1.044190 10044390 15911 24425 35,880
371 230400 919.2 14036760 10037200 1.5897 10060 23,000
372 250600 678.0 10036740 10037190 145894 20270 22.820°
373 280000 56844 10036710 10037140 1.5889 34930 226620,
374 325,00 50543 14036760 . 1037150 1.5885 6710 22,550
375 29000 39646 14036840 1037130 145881 8740 224550,
1376 295400 34040 14037010 14037200 1.5880 124360 22.820!
1584 145,00 31443 16031890 1.031280 105918 1963 16,940
584 145400 31443 10031890 14031280 040000 06933 166940°
585 265000 35608 16031780 16032260 165917 5e096 160780
585 265000 35648 10031780 14032260 040000 2+470 16,780
586 230200 233.5. 10031840 16032350 ‘165917 9320 164750
586 230000 2335 14031840 10032350 040000 44560 164750
587 335,00 287e4 10031850 10032380 165917 130240 164770
1587 335,00 287+4 1031850 10032380 040000 6565 164770
588 360600 2690 10031980 16032430 105917 174350 160790
588 36000 2690 16031980 10032430 __0.0000____ 8810 __16¢790.
5897 335,00 229.,8° 1.031980 1.032420" 105917  21.205 16.820,
589 335,00 2298 1.031980 10032420 040000 100320 160820
590- 365000 23068 16032080 14032600 145917 250340 164810
7590 365.00 23048 14032080 1032600 040000 12300 164810
591 335400 30le2 10032060 14032590 145917 12090 164800
591 335,00 30142 14032060 16032590 040000 50835 16.800
75927 235,00 320,87 140321207 1.032620 1459207 5055 164,920
| 592 235,00 32048 14032120 14032620 040000 24465 164920
1636 200000 40247 14032200 14033090 145927 3990 17,490
{637 230,00 342.8 1.032180 14032950 145923 7310 170450
1638 340000 38le4 14032210 10032960 165923  13.140 17,510
639 355,00 340e¢1 14032210 10032800 145916 184300 170500
(7640 "310.007 25544 14032230 14032730 145912 25.150 17.59q
( ' !
i




TABLE 2-9

24460

(CONTINUED) 2-22 i
RUN WS TI PO PBO PC H U i
'NO o A ’ !
641 . 350000 26208 16032250 1032710 165910 300810 17570
642 390,00 262+7 16032800 10032750 145910 384490 174540
1643 330000 205.2 1+032230 1.032700 040000 244866 17590
1644 295400 29809 14032280 1032700 145907 160346 176590
1699 330600  1166.2 10047680 10048000 008765 40210 454300
3695"“330 00 116642 1047680 1048000 165911 14387 45,300
700 307.00 913.8 1047410 10048100 048767 54530 44,100
1700 307,00 91348 16047410 1.048100 165916 14895 444100 .
701 295400 628,0 1047250 10048160 048769 11100 436320
701 29500 62800 1047250 14048160 15920 3,565 430320
702 300600 41602 10047220 14048160 165922 8350 430240
702 300,00 41602 14047220 10048160 040000 44290 434240
1703 340600 35843 10047230 14048210 145924 140450 434230
1703 340400 358,3 1047230 1.048210 040000 76540 436230
704 375000 356.9 14047120 10048190 145923 17.830 420800
704 375,00 35609 14047120 16048190 000000 94260 424800
705 410000 32746 10047280 10048210 145924 254586 42+880_
705 410000 327.6 14047280 14048210 040000 130360 42880
706 405000 28048 14047090 14048170 145924 330885 42+620
1706 405000 280.8 1047090 1.048170 00000 17820 420620 |
249 370.00 235,0 14044340 14044790 145939 13,100 360390
250 370.00 23844 14044280 14044590 165917 12.710 364200
251 350400 264,9 1044290 10044720 145935 90530 366240
252 345400 25845 10044190 1044780 145933 90370 35,970
1253 345,00 26547 1044190 14044810 145933 84830 36°ooo,
1254 360600 2901 10044160 1044700 165929 80,030 350880
255 365400 31848 10044130 1.044690 145928 7.020 35.820.
256 370600 331.0 1+044090 10044490 145922 6¢540 354690
257 330400 32540 10044110 _ 10044490 1.5919 50310 35,780
258 325400 353,8 10044060 16044420 145915 44405 356670
259 400.00 50609 160044100 10044280 145910 34367 350740}
(260 350600 59440 14044160 14044330 105912 1861 35,890
261 290.00 662.2 1044100 14044200 145906 1.018 35,710:
262 285600 153942 16044180 14044100 15903 00201 35.870}
359 245000 65500 14036500 10035990 145870 0750 23.570]
359 26454,00 655.0 14036500 14035990 048736 234570

|
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j TABLE 2-9 (CONTINUED) 2-23
'RUN WS T1 PO PBO PC H U
:NO .o :
360 340400 6716 16036590. 1036000 145867 16340 23,570
360 340000 67106 . 16036590 10036000 008734 46550 23,570
361 275.00 398.6 10036590 10036020 145864 20520 23,470
361 275600 39846 16036590 1.036020 08733 8¢530 230470 ;
1363 285,00 267.4 14036620 1036400 105872 60025 23,410 !
3637 285,00 2674 10036620 10036400 008737 200350 23410 .
366 260000 249.4 14036960 10036580 165865 5¢790 230610
366 260600 249,44 10036960 10036580 0.8733 19,780 23,610
1367 225,00 184,9 10037080 1037640 1.5864 76755 236660
367 225.00 184,9 1.037080 14037640 048733 26.610 23.660
368__300000 _408e¢4 14037170 1036900 105867 26870 23,700
{368 300.00 40804 14037170 10036900 0.8734 9,780 23,700
369 220400 36963 12037310 1036990 048734 60420 234720
1370 240,00 6238 1.037390 1.037090 048735 24820 23,750
578 22000  342.4 10031710 - 14032120 145925 10256 17,060
578 220400 342.4 10031710 1032120 040000 0e¢590 17,060
579 210400 249,7 1.031690 10032110 15923 20180 17,010
5797210400 249.7 10031690 14032110 0.0000 14020 17,010,
580 325.00 28142 10031760 10032190 145927 40250 17.010:
580 325400 28102 14031760 10032190 040000 20065 17,0101
[581 330.00 233,5 10031770 10032180 165921 64530 17,030
581 330.00 233.5 14031770 1.032180 0,0000 34185 17,030
582 350400 213.2 14031800 10032250 165922 94040 160990
1582777350.00  213.2 1.031800 1032250 00000 4410 166990
1583 360,00 20808 14031760 16032210 105920 10010 164910
1583 360,00 © 208,8 1031760 14032210 165920 10010 160910
[615 280400 381.7 1+031670 1.032080 1.5913 2917 176430
616 31000 30504 10031590 14032160 15914 5¢460 176330
617 330,00 26603 16031550 14032160 165915 84460 17.280°
{Blé“‘éeogoo”"’?s7.4"“f?b31620 10032170 15914 126035 17360
t619 375,00 223,9 10031680 10032170 165917 154880 17.430;
1620 200400 51762 10031670 16032170 165915 0838 170420
(621 265.00 52547 10031600 1.032200 165915 10236 17.340
1671 287.00 53406 14047010 14048190 048780 44372 42,400
671 287.00 53446 1047010 10048190 165948 14560 424400
672773004007 383,66 1.047030 1048260 068783 94940 ¢ 42.500J
i i
i
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§ TABLE 2-9 (CONTINUED) 2-2) |
5 ]
?RUN WS T1 PO PBO PC H VI
L NO. N . ' i
¢ [
672 300000 383.6 10047030 10048260 165951 30200 420500
1673 310400  311.4 10048250 10048720 068778 154930 460380
673 310,00 311.4 16048250 10048720 145949 54063 460380
{674 340400 3312 16047710 . 16048470 068773  17¢445 644.800.
1674 340000 331.2 1,047710 12048470 15944 5.490 444800
675 365.00 29502 14047740 14048330 0e8770 240150 444900
675 .365.00 295.2 1.047740 10048330 1.5939 70820 444900
676 390,00 30967 10047500 10048210 0eB768 260060 444400
677 405000  285¢4 14047500 10048490 048773 354050 44ol40
677 405.00  285.4 14047500 14048490 145932 100485 446140
678 415.00  269¢4 14047020 14048130 165924 124276 424740

i

P S

R

Ty Fns




¢

TABLE 2-10 2-25!
: !
DATA

i RUN Ws” Tl PO PBO PC H u
F NOo :
DRI?TtE TTYPE  SPECIAL 15 |
{622 135,00  423,8 0031700 14032170 1,5915 104860 170480
623 210700 278.2 1.031640 1032150 040000  36+230 17.390.
624 257400 813+4 10031640 16031950 145901 11000 17700
1 625 240000 57504 10031600 1.031880 1.5899 19505 170650
626 250400 480,7 10031550 14031870 15897 300640 170590
627 268.00 407.2 10031510 1032100 0.0000 274460 17.520°
628 250400 31169 16031600 10032360 060000 410170 __ 170640
76297 3404007 355.6 14031500 1032360 040000 59390 176500,
630 280400 25548 10031550 16032250 060000 780540 174570

1 631 320.00 257e¢4 10031490 10032310 060000 1026070 170490
632 310.00 22246 14031510 1032300 00,0000 1284220 17500
633 280.00 1992 16031490 10032310 00000 131035 17,480
634 290400 19602 16031670 10031340 1305411 11900 _ 170730
635 235,00 475¢8 16031540 10032300 165919 27580 176550

687 137,00 778¢2 16046840 14047910 048763 9¢840 42,170
1687 137,00 778e2 14046840 14047910 145916 30250 420170
688 210.00 77260 1e046770 10047930 048763 240520 42,000
688 210.00 77260 14046770 1047930 145915 7710 42,000
689 240400 48409 1e046710 14047970 165916 260250 41.800
689 240400 48T 1046710 19047970 00000 13756 &1.800
690 290000  384,0 16046740 . 14048000 040000 33100 41,900
1691 285400 295.0 10046760 1048030 0.0000 550290 41950
692 350400 295.9 14046760 10048100 000000 85.246 42,000
692 350000 29549 14046760 14048100 1345407 7.095 42,000
693 385,00 33062 10046780 1048090 040000 81e¢730 42000
693 385,00 33062 .1e046780 10048090 13.5409 6810 42,000
! 694 205.00 511e4 16046800 1048190 105922 17200 420080
i 694 205400 511e4 14046800 16048190 0.0000 9.075 42,080
695 247,00 40142 1.046710 1.048120 0.0000 21760 41,800
696 245.00 50468 1e046670 16048170 145922 250390 414700
696 245400 50408 1046670 14048170 040000 130350 414700

7 205400 . 572+3 14046860 1.5925 13600

697

1.048240

424250

i
1




; TABLE 2-10 (CONTINUED) - 2-26¢
; : .
. RUN WS TI PO PBO PC H u
('”NOO . '
697 205.00 5723 14046860 14048240 040000 74050 42.250
. TABLE 2-11
DATA
RUN WS TI PO PBO PC H U
NO.
ORIFICE TYPE. SPECIAL 30
679 100000 64008 10047240 10048040 - 0.8765 84220 43.380"
679 100.00 64008 10047240 1048040 1.5916 20617 430380
680 240400 68205 1e046850 10047930 08763 416417 42,220
680 240000 68205 16046850 16047930 145912 12995 420220
T681  302.00 59547  Le046970 1047880 15909 27275 42¢570
681 302,00 59547 10046970 1047880 048792 870900 424570
681 302.00 595,7 10046970 10047880 0.,0000 140220 42,570
682 200.00 237e1. 10046900 1047870 060000 41,000 420330
682 200.00 23761 -1e046900 16047870 135392 - 30300 426330
i 683 340400 42001 14046900 1047790 040000 370640 420330
g’asd”"rsolbo 51546 16046930 1047690 145903 8¢780 420460
i 684 150400 51566 10046930 1047690 0.8758 270890 42.460
' 685 170600 74662 1046970 16047750 105903 50450 420560
685 170.00 T4642 14046970 14047750 068760 17215 42.560
686 118,00 868s1 10047040 1047740 145904 2545 - 42.800
686 118,00 86801 16047040 14047740 048759 6060 42,800
T645 771806007 531,77 7100326207 190334907 1459537 12.210 18,200
646 200,00 433,5 16032500 16033210 145937 23.430 17,960
. 647 260600 440.3 1032500 1033400 145947 396356 170940
. 648 250,00 355.2 14032450 16033450 040000 31340 170870
649 290,00 328,8 14032440 16033490 060000 506233 170820
| 650 270400 25800 14032400 14033500 00000 710660 17,780
7651 350,00  284<4 1 1033320 0.0000 1 17.63c

12032300

100.670

3
1

1




; TABLE 2-11 (CONTINUED) 2-27 -
FRUN FIWS TI PO PBO 77 FC B33 U
?“L\LO [ . i
652 350400 25443 1.032300 10033190 040000 126.970 170630
| 653 360,00 - 235,7 14032220 16033170 13.5430  12.896 17.440

654 135,00 761.6 16032290 1.033100 145933 30273 174560
655 300.00  462,1 14032110 14033030 0.0000 264540 170240
656 205400 ' 35441 14032200 14033090 145931 37.940 17390

TG XY T
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APPENDIX 3 - ERROR ANALYSIS

Tabulation of the Statistical Results

A statistical analysis was carried out on each experimental run baaéa
on a.method given by Parratt (19) and summarized by Ratkowsky (20); A
95% confidence interval was calculated iﬁ each case for K and Rep.

The error analysis results were used in two different ways. Firstly,
the 95%¢ confidence interval allowed é decesion to be made as to whether .
an expermental run, represented by an apparently wild point, should be=.~
repeated or not. Secondly, it allowed a check on the exﬁerimental graphé
-such as Figure iO in which a comparison between two curves gave the required.
information. ‘Ip Figure 10, the non-intersection of confidence intervals‘dn
K for the Sharp and Standard Orifice plates confirmed with 95% confidence
that there was a significant difference between cufieé."ﬁThe other graphs |
were c¢hecked in a qimilar manner. - L o - :
The results of thesé‘calchlations are contained in Té£ies 3;1.to 3;11?

inclusive. =~ - ST T
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TABLE 3-1 3-2
954 CONFIDENCE INTERVAL FOR K AND RED" "
"RUN K LY RED 95 ¢
NO, CONFIDENCE CONFIDENCE
; INTERVAL INTERVAL
| ORIFICE TYPE 1.0 INCH  STANDARD :
i
M05 06205 066246  0.6163  T144,39 7150054 71138025 |
1106 006196 066237 006154 6560013 656584 6554041 |
107 066197 046239 066155 - 5936.95 5944427  5929,62 |
108 006215, 046256 006173 5493,18 5499483 5486053
109 006217 066259 066175 5166401 517192 516011
110 066213 066255 006171 4742051  4747.68 4737635
ITTY™ 7 006237 006279 - 066195  4322.81  4328,58 4317005 |
1112 ‘006237 066279 066195 396372 3969435 3958409
1113 0.6267 006310 066225 3541.20 3546646  3535,94
iT1% 0.6282 046325 046240 3132.65 3137441 3127.89
115 046301 066344 006258 272795 ~ 2732.69  2723.,21
116 0s6337 06381 006294 2361019 2365075 2356062
1177 0.6391 066435 06347 2178030 2182.37  2174.23
118 0e6791 066840 066742 2042048  2048.18 2036677
131 . 007091 067139  0.7043 213404 213434 21275 |
§132 0.7100 0.7148  0.7051 205.33 205461 205,05
133 07107 07155 0.7058 205457 205485 205,29
134 07036 07084 . 006988 191,83 - 192,12 191655
;YB5"""“"7§T7£38“"‘"677187“""75276@b 176.88 1776171 176465 |
1136 0.7172 047220 007123 160053, 160474 160033 |
;137 0¢7199 047248  0.7149 151617 151438 15096 |
138 07209 0+7258  0.7159 126431 124448 124,13
139 007212 067262 00,7161 , 109453 109.73 109033 |
140 007264  0.7316 ° 0.7212 84458 84073 84042 |
P 0724770573027 07193 71585 72902 7168 |
142 007128 * 047196 007060 47407 47024 46091 |
143 06735 066880 006590 24418 24030 24006 i
1505 0.7144 0.719%4 0.709% 209.21 209.57 208,85 |
1506 007095 067145 007045 209,21 209457 208485 L
1506 007124 047175 067074 217465 218408 217421 |
506 370 — 218708 217521

’.
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TABLE 3-1 (CONTINUED) 323
RUN K 95 % RED 95%
NO. CONFIDENCE CONFIDENCE
P INTERVAL INTERVAL
§507 007033 - 007082 006984 294403 294059 293446
;507 06997 07045 06949 294403 294459 293446
1508 006885 .0606932 006839 427667 428437 426297
508 006955 007019 * 066890 427,67 428437 426097 |
509" 0677177706816 06725 582,60  583.43 581,78 .
509 006821 006872 006771 582060 583443 581,78
1510 006674 066719 066630 746483 747672 745495 |
ffIU""‘“UTBTfE‘““G?ETHZ“‘"U?EGTO 766,83 147372 T45.95
1511 066637 066681 006593 861409 862003 860,15
511 0.6680 006725 006635 861409 862003 860s15
(512704661277 70.6656 066568 - 993038 994,52 992.24 .
1513 006574 046618 006531 112220 1123.43  1120.98
1514 006529 066572 006486 1260422 1261060 1258.85
515 0.6486 0+6529  0.6443 1385.54 1387.05 1384.03
- . . : i
TABLE 3-2 ¥
i
g 55 2 CONFIDENCE INTERVAL FOR K AND RED ;
| RUN K . 95 % * RED |
i NOe ' CONFIDENCE CONFIDENCE |
! INTERVAL. INTERVAL |
: i
d i
[ ORTFICETTYPE 15 INCH — STANDARD 5
| 87 006209 = 006238 066179 10018614 10027.25 - 10009.,03 -
B8 TTTTTT0.6212770062417770.61837 93585347 9366630 93506039 |
. 89 06219 . 0.6248 0.6190  8698.91 8706021 869161
0] 006222 006251 006193  8131.77  8139.,16 8124.38
Tl T 046235 06265 066206 7175.70  7181.72 1169.69 .
92 06249 06278 06220 6359.00 6364419 6353.,80
93 006266 066295 026236 5595498 5600699 5590097

=ty e e e = % 3N Y,
:

TETTTTT0062647T046293

o o m—

T e ra—

046235 5020+13

502496 5015631

s

!
i
!
t
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‘ TABLE 3-2 (CONTINUED) - 3.l
95 066267 0.6296 0.6238 4560679 4564076 4556,81
96 0.6272 006302 066243 4068081 4072478 4064084 |
T T 006296 T T 006325 066266 3690007 3693.78 3686036 .
- 98 005902 ° 065930 005874 3790495 3794,82 3787.08
99 0.6283 006314 006251 3704082 3712615 3697048
TI00T 0.6319 0.6349 06289 322377 3277, 11 3220643
1101 046319 06349 066289 2993442 2996.68 2990416
1102 006364 006395 006334 2580.15 2583421 2577.08
103 0:6426  0s6456 006396 2096039 2098041  2094¢38
§ 104 0.6621 006655 0.6586 1624092 . 1427.33. 1422.51
f 151 07080 007115 07046 323012 323048 322,76
i 152 0e 7099 07133 0.7065 302.80 303010 302450
- 153 0.7128 07162 007094 . 278083 279,09 278656
154 0.7153 07187 067119 261487 262011 261063
TI557TT 0571867 0572207 007151 2360407 236062 236018
1 156 0.7218 007252 007183 206.02" 206023 205480
t 157 0e7244 007279 007209 17984 180,00 179¢67
;158 0. 728% 007321 ~0e7248 . 155.76 - _ 155.94 155057
| 159 0.7288 07325 007250 136085 137,03 136,67
{ 160 07303 067343 007263 111456 - 111+68 111643
1617 0.7293. 007346 007239 7950 79064 79037
162 07175 0.7270 0.7079 51064 51076 51,52
i 522 067176 007212 07139 261.24 261058 260689 '
- {522 0.7143 0.7183 0.7103 261024 261458 260,89
| 523 007110 0e7146 0.7074 292,31 292,72 291.91
! 523 007048 007086 07010 292631 292072 29191
FEZZ“”””‘b;7007“““6T70Ef”“”o;6§7h 401212 401.5%5 400070
i 524 0.6964 06998 06931 401612 401655 400,70
g 525 046956 046989 066922 587033 588,00 586066 |
{575 0.6836 06868 0.6804 587433 588,00 586,66 |
[ 526 0.6756 06787 066725 736496 735068 734024
{ 526 0.6768 046813 006723 ° 734496 735068 734624
5277 0466887 067197  0.6657 889.20 890,10 ~ 888.29
g 528 06640 0.6671 06609 1042461 1043671 104151 |
. 528 0.6681 06716 006646 1042061 1043671 1041651 |
§ 529 046597 0.6628 06566 119654 1197.69 1195.39
i 529 066661 06694 006628 1196454 1197469 1195039 g
i 530 06564 006595 006533 1314013 1315543 1312.83
§~556“*“*““ 0c6569 1314013 1315443 1312583
gA
!
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TABLE 3-3 3-5 .
95% CONFIDENCE INTERVAL FOR K AND RED z
[ RUN’ K 95% RED §5°%
I NO. CONFIDENCE ° CONFIDENCE
) INTERVAL INTERVAL
; ORIFICE TYPE z.o INCH STANDARD ,
4 SI19TTTTTS 61720561960 ETAE TITEI8 2 11629077 11606465 |
I 120 0.,6191 066215 006167 10977.78 1098779 10967.78 °
i 121 006162 006186 006138 10129.21 10138.,07 10120435
[ 122 06205 06228 006181 9218054 9226471  9210.38
123 06208 . 006231 0.6184 7660489 7667.58 765420
124 006221 06245 006197 6619032 6624674 6613091
% 12570062368 006260 0662127 ST30.77  5735.97  5725.56 .
. 126 006646 066671 066620 5271613 . 5276006 5266021
i 127 006240 006264 066217 4449069 4453033 4446.05
128 0.6268 066292 | 0.6244 3932043 . 3936052 3928,35
f 129 006289 006314 06264 . 3412.70 3416062° 3408.79
130 06374 06399 0.6348 2480651 2483623 2477.79
14406934 066962 0.6906,  389.54 389092 389,16
£ 145 006969 066997 066941 352459 352,93 352,25
i 146 007014 007042 0.6986 315,66 315694 315639 |
147 0.7051 0.7080 0.7023 284.17 284 046 283,89
Po148 0.7087 067115 0.7058 257432 25758 257,07
[ 149 0e4367 De4384 004349 142446 142, 60 142,32 5
171507 T T 06071487 0. 71787007118 199,37 199560 199615 |
{151 0.7210 0e7241 007179 172,68 172087 172650 |
f1s52 007211 007243 07179 160.05 160420 159,91
1537 0.7238 0.7273 0.7202 136,12 136,25 135,99
E 154 0o8445 008521 048369 96,16 196,28 96.03
{ 155 005820 065946 065694 39033 39,44 39623 .
T5167 T 06897 0669337 70,6860 316477 317515  316.39
I 517 06842 06870 006815 510.15 51070 509,60
Y517 0.6788 0.6815 06761 - 510615 510070 509060
{518 T0.6760 06787 06733 662.96 663.56 662036
, 518 006719 06744 06693 662496 663,56 662036 |
[ 519 06627 066652 006602 907,38 908019 906656
'"519° T 0066967 046739, 06652 TTT907.38 908019 906456

0

t
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TABLE 3-3 (CONTINUED) 3.6 i
520 06571 046597 06545 1102438 1103441 1101435
520 06607 06641 046573 1102.38 1103441 1101.35
521 06705 046733 "6“3677- 662.00 663403 660497
; TABLE 3-4 :
§5% CONFIDENCE INTERVAL FOR K - AND RED ~
R i
RUN K 95 ¢ RED 95 %
"NO . CONFIDENCE- CONFIDENCE
' INTERVAL INTERVAL
TTORIFICE TYPE 1.0 INCH SHARP
16 0¢6305 06347 046263 6799491 6807 e 44 6792437
17 0.6203 046245 06162 6717433 6725416 6709449
18 06195 066236 06153 6188411 6195447 6180476
19 006201 046243 046160 _ 6331471 6339423 6324418
20 0e6208 066249 066166 5918492 - 5926451 5911634 |
21 06202 066243 066160 6084486 6091496 607776
22 066249 0.6291 06207 5527469 5534491 5520646
23 0.6281 0.6324 0.6239 4959.,02 . 4966.07 4951,.,98
24 06285 06328 066243 . 4598491 4606406 4591,75
25 06297 06340 06254 4168444 4175e25. 4161463
26 006268 06311 066225 3705420  3712.77T  3697.64 |
65 06285 06328 066243 2919413 2923.10 2915416
66 05978 06018 045937 2709457 2713489 2705425
87 06261 06303 . 046219 2371452 2374450 2368.54
68 06294 06336 066251 ! 2076446 2079469 2073.23 |
69 0¢6339 046382 066295 i 1982485 . 1986466 1979404 !
70 006370 0e6415 06325 1726495  1731.29 1722061 |
71 0e¢6436 06484 006389 1146459 1150434 1142485
72 06379, 046430 0.6328 745439 748410 742669
163 06750 046795 06704 200.80 201.05 .  200.56
164 06745 06790 06699 184465 184486 1184444
165 006762 046808 046716 171450 17172 17127
166 0.6829“““”“' 153,90 154,10 153471 |

i
|
|
:_
|
|
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066406

1383476

"TABLE 3-4 (CONTINUED) 3-7
RUN K 95 % RED 95 %
NO. CONFIDENCE CONFIDENCE
INTERVAL INTERVAL
167 0.6831 06877 006784 133,88 134406 133,71
168" 0.6887 06934 046839 109.24 109.41 109407
169 006888 0606936 046840 97452 97469 97034
170 046966 . 047016 006917 . 86429 86045 86013
17270669997 067053 066945 68415 6832 67.99
173 0e¢7157 - 007215 067098 56038 56 ¢ 46 56430
174 047207 067337 - 047077 30420 30632 30009
537 06787 046840 046733 145.28 145,82 144,75
537 06769 ~ 046827 066712 - 145428 145482 - 144475
538 066697  0e6745 06649 235426 235489 234463
538 066674 066722 06626 235,26 235489 234,63
539 046626 046671 046580 333453 334414 332,92
539 066595 066640 046550 333453 334414 332692
540 06564 - 0.6608 046520 432,18 432,89 431447
540 006620 066677 06563 432,18 - 432489 431647
541 066534 - 06578 046491 550609 550682 549435
541”*“‘fb‘6595 006644 096546 550409 550482 549635
542 066513 066556 066470 653424 654411 652637
542 066560 066606 006515 . 653.24 654411 652,37 '
543 046490 046532 046447 761479 762064 760694 |
543 066512 ° 066556 066468 76179 762664 - 760094
544 006504 06547 046460 852431 853026 851437 |
545 06466 06509 ° 006423 . 98063 981469 979.58 |
© 546 06468 046511 006425 .1095483  1097.09  1094.58 !~
547" 0e6461 066504 - 046418 1236641 1237486 1234497 .
548 0e6449 046491 1382.12

1380448 !
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TABLE 3-5

3-8

95% CONFIDENCE INTERVAL FOR

K AND RED

RUN K 95% RED 95°%
. NO. CONFIDENCE ’ CONFIDENCE i
INTERVAL INTERVAL :
ORIFICE TYPE 15 INCH . SHARP ;
37 076300 0+6330 066270  9804e79  9815.86 9793472
38 066224 . 046254 06195 9495439 9505425 9485452
39 066248 06278 066219 8945435 8954635 8936¢34 |
40 046243 06273 046213 8481.05 8491.33 847077
41 066172 066201 0e6142 774766 7756671 7738461
42 046236 06265 046206 ' T124¢94  T134426  T11562
43 0.6245 06275 06215 6303.56 6311.98 6295.15
44 06253 046282 0e¢6223 5720433 5727681 5712485
45 066257 066287 066226 5162466 5169484 5155448
46 046225 046255 _0.6196 5129409 . 5134487 5123631
C 47 0e6247 06277 .. 06217 5041433 .5047455 5035612
48 006261 06291 on9232 4753490 4759435  474Bo45 .
X 066282 0e6312 066253 4588463 45934.81 4583046 |
50. 006284 06314 046253 4243425 4249441 423709 |
51 06287 066317 066257 3849429 38544073 3844054
57 046290 06320 0.6260 3650479 3655.86 3645471 |
53 06273 046303 046243 3331.77 3336630 - 3327023
54 06317 06348 046287 2942411 2946038  2937o84 |
55 06367 046398 06335  246kebt 2468446 - 2460e41 |
56 0e6461". 06493, 06428 1779695 1783401 1776489 |
57 - 06478 046518 006438 1076696 1079469 1074423
184 0.6688 06720 06656 ° 31159 311.86 311.32
185 “ 06753 06785 0e¢6721 ! 244470 244491 244450
186 046704 046736 066672 283447 283,73 . 283421 |
187 0.6701 067337 0.6668 272,72 273,01 272064
188 0e6753 06785 066720 224432 224452 224412 ¢
189 0.6783 046815 06750 194486 195,02 19471
190 0.6826 ~ 046859 0.6793 172063 172.78 172.49 ¢
191 0.6858 0.6892 06824 156419 - 156e34 156404 L
192 006903 06938 066868 . 136459 136672 136446
193 046894 0.6930 121.60 12176 121,44

ke

06857

|
|
i
!




i

!

K

TABLE 3-5 (CONTINUED) 3-9
RUN K 95 % RED 95% .
NO e CONFIDENCE CONFIDENCE
e "INTERVAL foERVAL ;
£ 194 06988 - 047030 - 046946 97470 97.85 97454 |
195 07067 . 07149 0.6984 57.19 5733 . 57.05 -
557 066724 046760 046688 257455 258406 257.04 |
557 06672 066711 046634 257455 258406 257.04 |
5587 066695 046728 046662 382,01 382455 38147 .
558 06640 06672 - 046608 382,01 382455 381447
559 006655 046687 006623 485469 486427 485,12
559 046613 046644 046582 485,69 486427 485.12 .
560 066560 066590 066530 652466 653436 ~ 651496 !
560 006583 046631 066535 652466 653436 65196 !
561 066537 0665677 046507 146450 147716 T45,84
I 561 06578 © 046619 046536 746450 747416 745,84
562 006520 - 066550 006489 858498 859.94 858403 |
562 06519 046556 006482 858,98 - _ 859494 858,03 ¢
563 06516 046546  0.6485 984,58 985.66 983,51
563 046548 046583 046514 984458 985466 983451
564 046498 06529  0e6467  1150.08 1151433  1148.82
564 0e6548 046581 046515 1150408 1151633 1148.82
565 006520 066552 - 06489 1255443 1256480 1254407
565 06554 046586 046521 1255443 1256480 1254407
. TABLE 3-6
-95% CONFIDENCE INTERVAL FOR " K AND RED
RUN- K 95% ; RED 55 %
NO. CONFIDENCE -/ CONFIDENCE
INTERVAL INTERVAL
ORIFICE TYPE - 2.0 INCH  SHARP
—7TTOVET66 06191 0v6140 12438.10 12453453 12422.68 |
74 0e6171 066195 066147 1141153 11422423 11400483
75 006170 046193 046146 * 10830465 10839.88 10821442 |
6 TTTTT0V6 161 0. 618406137 T 9918784 9927429 9910439




TABLE 3~6 (CONTINUED) 3-10
RUN K . 954 RED 95%
NO. CONFIDENCE CONFIDENCE
TINTERVAL INTERVAL
77 0e6188 066212 046165 9016461 9024419  9009.04 °
i 18 06160 06184 046137 796973 7976460 7962487
79 06204 046227 046180 6846489 6852471  6841.07 .
. 80 006200 06223 046176 __ 5844442 5849432 5839451
|81 046206 ,b 6230 046183 5386415 5390473 5381458
82 066218 046242 046194 4708066 4712482 4704449 |
83 . 0e6224 06248 06200 4204460 4208431  4200.89
84 046207 046231 06184  3345,72 3348476  3342.68
85 046281 06306 066256 250212 2505426  2498.97 !
86 046358, 06384 006332  2007.80 2010e14 2005445 :
172 006571 046598 046545 428419 428,62 427475
173 006590 046617 046563 . 403400 403441 402459
174 066597 046623 046571 350490 351,21 350458
175" 06610 046636 0.6583 333495 _ 334426 333465
176 066642 06669  0.6616 - 287.86. 288410 287462
| 177 066662 06689 046635 244402 244425  243.79
178 066727 046754 046699 205464 205484 205445
179 06760 046788 046731 179.11 179.29 178492
180 0e¢6781 046812 . 066750 165490 166.13 165467
181 0.6846 046879 046813 137.51 137.64 137.38 |
182 .0s6816 046863 046769 97430 97442 97419 |
183 046835 066923 066747 65478 65487 65470 |
549 046660 046691 0.6629 27509 27544 27474
550 066590 006617 046563 400422 400466 399.78 !
550 066550 -~ 046578 046522 40022 400466 399.78
549 06579 06617 046540 275409 275444 274474
551 066561 046587 046535 518.83 519431 518435
- 551 066526 046551 046501 518483 519431 518435
5527 066518 066544 046492 629420 629279 628762
552 066499 066524 046475 629420 629479 628462 !
553 066465 046490 . 046440 795439 796423 794455
. 554 046479 046504 06454 T13.47 714,25 T12.69
l 555 066461 046486 046436 914426 915.11 913440 :
556 006459 066484 046434 1007460 1008454 ~ 1006.66 |
| 1
‘ |
|
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; | TABLE 3-7 3-11
, 95% CONFIDENCE INTERVAL FOR K AND RED .
T RUN K 95% RED z
- NO. CONFIDENCE’ A CONFIDENCE |
INTERVAL INTERVAL e
ORIFICE TYPE  GeSe  BETA=0.2 ,
. i
{226 07238 067333  0e7142 6136 6150 61023
2217 07173 067269 047077 56¢37 56455 56619 |
b 228 007165 067261 047069 51429 51446 51012
229 0e7152 Oe 7248 07056 47422 47437 47.06 |
230 0e7134 07229 - 047039 42448 42460 42,35
231 07068 0e7164 066971 36453 36468 36638
232 057008 07104 066911 29.84 29,98 29,70
233 047260 067362 047159 23457 23469 23045
384 0e7014 0.7110 046917 137.65 138427 137402
385 07140 0e7243 "0.7038 96453 97.11 95,94
386 ;067157 047257 067058 58407 58434 57479
396 047167 ' 047263 07070 71.60 71e86 71433
397 097034 067129 046940 116932 116476  115.89
398 066975 047069, 046881 136450 137.00 136401
i 399 066890 046983 046797 158432 158490 157074
400 0e6748 046837 . 046659 176496 17749 176044
401 046653 006741 066566 195.98 196442 195454
402 066559 046644  0.6473 218460 219.05 218415 |
403 006526 066127  0e6440 239459 240.13 239,04 |
404 0e6541 046626 ° 046456 272.81 273.27 272.35
405 0e6521 046606 066436 305405 305454 304457 |
406 0+6492 046576 . 046407 . 336456 337413 335,99 |
407 0e6464 006548  0.6381° 362410 362458 361462 |
408 006421 046505 . 06338 3954073 395,62 3964043
T409 0+6269 046351 0.6188 423,14 423,85 422,42,
410 0e6258 066339 066177 449497 450462 449,32
i 4l1 066241 - 046322 046161 474405 474,63 473,47
{ 211 0.7133 047198 047069 85411 85.28 84495
[ 212 0e7143 - 0.7208 047078 80666 80,82 80.49 ¢
i 213 0e7160 0e7225 047095 76479 76492 7665 i
TG T 0e71627 047228 TETET T T4sT0 14,337




1

; TABLE 3=7(CONTINUED) - 3-12 .
RUN K 95% .+ RED 95%
NO. _CONFIDENCE ° CONFIDENCE
- INTERVAL INTERVAL ,
215 0e7175: 007241 . 007109 - 70e21 - 70438 70004
216 0s7161 - 047227 047095 = 65.84 65699 65469
217 007182 . 047250 007114 - 58457 58475 58038
218 07169 047237 047101 = 52404 52421 5187
219 0.7158" 0+7223° 047093 46.8% 46492 46476
220 "0e7152" 047220 047083 .~ 41.84 41,98 41470 ;
221 007136 07205 047068 | 36414 36427 36,02 |
222 07116 0.7185 0.7048 32.70 32.81 32.60
223 0e7091 - 047160 - 047021 . 28497 29.07 28487
j_ 224 047009 007081 ~ 006938 23,76 23+85 23067 _
393 0670827 0.7146 047018 . 93,79 93,93 934,66
1 394 07035 047100. 046970 °~ 122430 122,61 121498 :
o1 421, 007049 067117 006982 -~ 10105 101,41 100070 :
422 046909 046971 06848 146¢52 - 146476 146028 |
423 0e6T60 = 066821 046699 = 186464 187.04 186424 |
424 - 046678 046737 066619 ' 210425 ° 210457 209493
L5 TTTTTT0w 6469 096527 T 006411 T 229465 . 23005  229.24
425 ' 046626 046686 046567 235423 235464 234082 |
426 06558 046616 046500 261448 261476 261420
427 06451 " 066509 046393 324402 324457 323647 |
428 06497 06555  0.6439 296460 297.09 296411 |
429 0e6348° 066405 066292 ' 327.64 338413 337015 |
TTR307 0467967 0+6856 046736 359407 359445 358469
i 431 0e6437 066494 046379 390652 391.18 389487 |
432 - 066381 066438 046324 434490 435,60 434420 |
433 006354  0e6411 006298 . 463472 464434 463,10
434 0e6321 . 046377 046265/ * 517¢12  .517.81 516043 |
435 066290 “ 046346 046234 . 570449 571e24 569075 !
(71967 0e¢70087 7070577 046959 109.18 109.33 109,03 ]
197 .007029 - 0e7078 "~ 006980 °~ 104476 104489 104462
. 198 0e7035 07084 046986 - 98488 99,02 98°75§
TTI99TT 007064 047114 067014 . - . 92463 92478 92.48
200 07076 '10.7125 07026 B6e51. - 86464 . 86437 |
201 047099 . 047149 047049 . 80450 80464 - 80437 |
72027 0471207 o.717d““”d 7069 71.45 A VL D S OV
¢ . . .




'TABLE 3-7(CONTINUED)

3-13

K
H

j .

420 046331

06374 0.6288

427641 = 427489

426493

- RUN K ' 95% RED , 95% .
NO. CONFIDENCE ‘ - CONFIDENCE
INTERVAL INTERVAL
203 007954 . 08011 07896 64e37 " 64451 . 64024
204 07135 0«7186- 047083 49,86 49,96 49,75 |
205 0s7143 0e7194 067091 64415 © 64429 64,01
206 007131 07185 047077 45462 45475 45049 |
207 07134 047190 067079 40426 40439 40414
208 047099 067157 067042 34448 34459 . 34,36 -
209 - 047009 07073 066945 27456 27,68 270 44
210 . .. 06900 006987 « 0.6812 17.90 17.98 17.83
387 . 0.6599 006645 . - 006553 - 241423 24154 . 240493
388 06624 06670 066577 218035 218466 218,05
3897 06705 0e6753 06658 194435 194,70 194.01
390 06760 - 066807 066712 174412 - 174436 . 173.88
391 ‘0e6835 . 046884 0¢6786 150434 '150465. 150,04
392 . 07000 007052 - 006949 = 100e24-._ 100445 100,04 | .
412 . 006902 - 006951 " 046852 13790 138.19 137,62
413 0e6747 06794 06700 185455 185487 185,23
ST 06629 ”6766734 0.6584 225485 ° © 226419 225,51
415 = 066433 06477 - 06389 263472 264004 263041
415 006542 06586 06497 268418 268450 267486
416 06472 ~ 046516 06427 . 302e45  302.82 - 302,08
417 006429 06473 - 06385 333,30 333,67 332,93
418 - 006381 006425, 046338 ' 369427 369466 368,87 |
419 0.6360 06403 7 0.6316 401,64 402612 401,17

i
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TABLE 3-8

3-1k

- 95% CONFIDENCE INTERVAL FOR K AND RED

"RUN K 95 % RED 95% ‘
NO. CONFIDENCE CONF IDENCE ’
INTERVAL INTERVAL )

3 ORIFICE TYPE GeSe '~ BETA=0.4 |
278 07139 0.7188 047091 203,62 203,88 203,35,
279 0e7167 07215 047119 186442 186458 186425
280 007180 007229 007132 172433 172056 172,10
281 0.7190 067238 07141 158,10 158427 157.93:
282 07208 007257 007158 139.34 139454 139,14
283 007228 07277047179 116,23 116035: 116612
284 067229 067279 0o7178 100466 100484 100648
285 0e7213 067265 047162 85.06 . 85423 84089
286 007185 007239 067132 73041 73461 73,22
287 07000 0+7055 046945 54429 544639 54419 ;
288 0¢7197 07256 067137 50074 50486 50.61"
289 006943 07007 006880 41482 41491 41,73
250 006786 006904  0.6667 25405  25.12 24497,
335 006994 067042 006946 331474 332622 331.251|
336 047016 ~ 07064 046968 31744 317692 316696
337 007043 007090 006995 285437 285067 285407
338 007070 007118 0.7021 260099 261034 260064
339 007101 007150 047051 230405 23054 229663

[ 340 07136 067185 007086 200443 200481 200406
341 0e¢7176 007226 047125 179.89 180427 179452
342 07197 047248 067145 148041 148473 148,08,
3473 07142 0.7194 047089 118,62  118.90 118,35
452 09785 049853 00,9716 403445 404027 402063
453 046877 046924 006830 374482 375655 374409
454 0068307 046876 006784 466474 467458 465,89,
455 046918 - 006964 066872 371420 371672 37067

i 456 006763 006808 046718 550000 550082 549,18
5 4‘5b7 0067_2“9 006~7—74 006684 605,94 606,80 605009
! 458 046647 046692 046603 759465 760478 758,53
459 066607 046651 046563 . 86773 868480 - 866466]
460 046620 706665 046576 . 985450 - 986473  984.26]-

l
|
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PNRUTUNINI N —
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TABLE 3~8(CONTINUED) 3-15
. RUN K 95 % RED 95%
NO. ‘ CONFIDENCE CONFIDENCE
AN INTERVAL INTERVAL
461 007476 007527 067425 127692 1278469 1275.14
462 06784 0 006829 046739 1290.18 1291.58 1288477
463 046505 066549 046462 1397493  1399.59 139627
496 07104 07156 007052 210485 21142 210429 |
496 047036 07088 046983  210.85 211,42 210629
497 0¢6889 006937 046841 418454 419434 41773
497 0+6865 046912 046818 418454 419434 417073
498 06751 046796 046706 581453 582438 580068
498 0¢6831 06883 046779 581453 582438 - 580068 °
499 066693  0+6737 046648 665631 666402 664059
500 0.6719 0.6767 06672 665431 666402 664459 ,
500 006619 066663 066574 855450 856486 854014 |
500 06667 066713 066621 855450 856486 854414
501 06634 066679 006590 863451 . . 864058 862445
502 06640 006684 046596 954464 955468 953460
503 066553 06597 006509  1062+88 106427 1061049 |
504 006498 006542 006455 - 1164000 ° 1165027 1162673 |
291 00,5983 046007 05959 336002 336437 335066
292 006977 067005 066949 368,70 369605 368435
293 006997 047025 00,6969 331,71 332,03 331,38 ;
294 ' 007056 047084 047028 281487 282,11 . 281,64
295 0e7088 067116 067060 252029 252651 252607
296 071427 07170 071137 225.03 225424 224,82,
297 0s7155 07184 067126 - 203461 203480 203042 |
298 0e7192 047222 067162 180.14 180435 179092
299 07220 0471253 0.7186 164891 149,15 148,67 |
300 067237 007273 047201 120458 120472 120645
301 07253 047298 047208’ 95476 95486 95066
302 0e7456 07534  0e7378 70.16 "70.23 70609
327 007265 047330 . 0.7201 78470 78488 78452 |
| 327 047237 007374 007100 78469 78.88 78.51
i 328 07196 047232 047159 191.95 192,20 191,70 ;
' 328 0+7088° 007136 047040 191495 192,20 191.70
|...329 007215 047264 007166 143,53 143,74  143.33
(330 047146 047177 0e7115 238498 239,19 238477




i
5 TABLE 3-8(CONTINUED) 3-16 1
RUN K 95% RED 95 % v
© NO. CONFIDENCE CONFIDENCE |
INTERVAL INTERVAL :
i
L 329 0.7108 07157 0.7058 143453 143.74 143,33 |
330 0.7047 007094 007000 238,98 239,19 238,77 -
331 007096 067126 0.7066 286417 286451 285,84
. 331 046996 047043 006949 286417 - 286451 285,84
i™1332 007042 047071 0.7014 318,67 318497 318436
332 006956 067002 006909 318467 318497 318436 .
334 006947 006975 046919 404451 404493 404609 . -
334 006850 046896 006803 404+51 404493 404,09
344 069314 049379 049249 179.07 179.33 178.81
344 009174 069238 . 049110 - 179.07 179433 178081
345 009215 092607 069170 249713 2494472 248,84
345 09168 009230 0.9105 249413 249442 248,84 i
5 346 0s7845 07879 0.7812 318497 319041 318,54 ;.
T 346 0.7469 067520 . 07418 31897 . 319+41 318,54 |
447 009277 049315 0.9238 675462 676430 67494 !
446 009498 009549 09446 468495 469447 468044
448 09196 . 069233 049160 813,82 814,60 813,04 -
449 09145 049180 049109 ~  889.76 890457 888,95 !
450 049122 049157 009087  1036e19  1037.09 1035.29 |
451 09093 069128 049058  1142.35 . 1143431 . 1141.40
488 006975 0607011 006940 263461 263497 263024 !
| 288 006874 046921 006827 263461 263,97 263024 |
289 047041 007076 047005 271,72 272,08 27136 |
289 066931 . 066976 046885 27172 272008 271436
i 490 006962 006991 066932 376422 376460 375484
490 0.6897 046929 0.6865 376422 376.60 375,84
491 066772 0606799 046745 581404 58163 58044
491 06741 006767 0.6714 581404 581663 580044 |
TTa92” 06720 06747 046693 667.01  667+70  666e32 ,
492 066684 066709 0.6658 66701 667070 666432 |
493 006658 006683 - 046632 795,39 796419 794459
4937 0e6738  0e6793 046682 795+39 796419 796459 |
494 066601 046626 . 046576 915421 9164.03 914439 L
494 066579 06621  0.6536 915421 916.03 914439
4957 7TT0.658377 06 6608”‘767B558_ 10294721 1030 11771028530 ;
A . , . : . !
|




| ) .~ TABLE 3-8(CONTINUED) - 3-17

, RUN K 95% : RED 95%

- NO. ' CONFIDENCE CONFIDENCE _

““““““ INTERVAL™ : INTERVAL

E 495 006622 066659 006584 1029 21 1030011 1028630

303 0.7032 0.7066 0.6998 300494 301022 300666

j 304 07054 007088 047020 283429 ° 283,53 - 283,04

: 305 0e7070 067105 - 0.7036 ~  -260e44 260066 260021

306 07108 07142  0.7074 236474 236494 236455

! 307 ° 0e7147 07181 047112 206474 206093 206656
308 . 007184 007219 - 0.7150 179656 179471 179042 !

309 007190 067226 . 007155 159.70 159.89 1594651
310 ‘067219 07256 007182 130.89 13104 - 130074
311 007243 007282 007204 111485 112002 11167 .
312 067238 007278 047197 99409 99020 $8.98
313 007227 047276  0.7179 77455 77468 T 77e42

i 314 067151 067232 0.7071 5105 51410 50099 ;-

{ 315 006901 006934  0.6867 442442 . 442,79 442,06 1
316 066937 046971 06904 398475 399,10 398¢41
318 066979  0s7013 046945  361e42 361484 ~ 361,01 |

73197 007018  0.7052° 006985 319490 © 320619 319,61 |
320 - 007062 * 007097 067027 © 263633 - 263464 -263.02

| 321 007123 067159  0.7087 238430 238,63 237,96

.1 322 0o7173 067209 0.7137 209449 209.69 209029 |

i 323 07198 07238 0,7159 166405 166029 165,81 .

{324  0Oe7244 007291 0.7197 -~ 128,90 12910 _ 128.70

§ 325 0.7205 0+7323 . 0.7086 66455 6674 66037 |

i 326 006884 0606918  0.6851 - 442463 443,13 442,14 |

1 327 006928 006962 0,689 411e34 411.87 410682 |

320 007040 067092 - 046989 263433 263064 . 263,02 |
321 07104 067156 067051 ° 238430 238463 237.96 |
322 007152 07204 0.7100° 209045 209,66 209425

3237 0.7176 0472297 0L.7123 166,05 166429 165,81 |
324 067258 07312 0.7204 128490 129.10 128470
325 Qe7444 047512  0,7376 66455 66e74 66037 |

34T 0.6944  0e7007 006881 63.87 64408 63,67
347 0e7284 047416 0.7152 63487 64008 63.67 |
348 067226 - 047270 047181 140419 140646 139,93 .

7348 0.7087 o.714b T 07034 140.19 140.46 159.95

~

~ s e ...__ .




TABLE 3-8(CONTINUED) 3-18

RUN K 95% RED 95% - f
| NO, CONF IDENCE ~ CONFIDENCE '
‘ INTERVAL INTERVAL

i
| 349 007157 067195 007119 194079 195,07 194051
{7349 0.7058  0.7110 - 067006 194,79 195,07 194,51
i 350 047100 07136  0.7064 239.89 240418 239459
| 350 007021  0.7072__ 06970 239089 240618 239,59
77351 70,7047 007082  0.7012 281.77 282.12 281643

352 007004 007038 066969 327.84 328623 32744

353 066956 066990  0.6921 354440 354489 353091

354 006960 046994  0.6926 375.89 376431 375.46

355 006934 066968 066900 394478 395421 394436

356 006913 066947 046879 411420 411068 410672 °
TT3577 006896 006929 006862 432439 432.84 431,95
i 358 0.6898 046932 0.6864 441465 442615 441416 |

437 009666 009720 069612 402429 402487 401070 |-

438 0.9536 09583 009489 580049 - _ 581.24 579673

439 009467 009512 069422 685497 686067 685027

440 049406 009450 009361 832495 833480 832410 °

441 069374 009419  0.9330 945473 946071 944075 |

442 049340 069384 0.9296  1100.91 1102.00 1099.82 ;

443 009362 009406 069317  1032¢21 103327 1031.16

444 009353 069398 09307 1194¢1ll 1195.58 1192.64%

445 027878 067916  0.7840 1142475 114408 1141042 ;

479 0.7143 007181 067104 245479 246421 245036
4797 0670537 067095  0.7011. 245,79 246021 245,36 |

480 066957 046991 066923 . 382.68 383014 382,22 |

480 006920 006954 046887 382.68 383.14 382022 |

481 06868 066902  0+6834 496,48 497409 495.87 !

481 006850 06882  0.6817 496448 497409 495,87 |

482 006768 06800 066736 581404 581473 580635 |
483" 0e6685 06716 046653 702.987 7 T03.78 702019
| 483 006810 06857 046764  702.98 703478 702619 ;
y 484 006649  0.6681 . 066617 796480 79784 795075
484 06719 06760 0.6678 796480 797 .84 795.75 ©
i 485 006594 046625 066563 946459 947462 945456 L
| 485 066612 006648 006577 946459 947462 945456 ]
486 TTT046604 04654177 1075410 1076427 1073492

06573




TABLE 3~8(CONTINUED)

3-19

116474

f‘l
i .
! RUN K , 95% RED 95%

} NQo, v.CQNEIDENCE CONFJDENGEm*ammJ
:f" - INTERVAL "INTERVAL {
486 066611 066645 0.6576 107510 107627 1073092
487056530 06561 0.6499  1164.74 116591 116357
1 487 0e6586 046619 006553 1165491 1163457

e AR AT A




7
i
r
1

TABLE 3-9 3-20 !
95 Z CONFIDENCE INTERVAL FOR K 'AND RED
RUN K 95 % RED 95%
NO. CONFIDENCE’ - CONFIDENCE
INTERVAL INTERVAL
?ORIFICE-TYPE GeSe BETA=0:6
235 068126 - 08165  0.8088 476485 477629 47641
. 236 0.8175 08214 08136 453411 453,55 452467
237 0.8157 008196 - 0.8118 416043 416084 416,01 .
238 0.8085 0.8124 0.8047 "363.93 364022 363,63
239 08052 0.8090 0.8013 - 312.23 312049 31197 .
240 008139 008178 _0.8099 287457 287088 287026
T 241 0e8161  0.8202 0.8121 246416 246045 245,87 .
242 0.8169 0.8211 0.8128 219.56 219.83 219029 |
243 0e8156 0.8200 0.8113 193410 193438 192,83 |-
244 0.8186 0.8233 0.8139 156473 156093 156052 |
245 008103 0.8158 0.8048 126032 126453 126411 |
246 007914 07996 07832 89657 89.78 89437 "
247 08150  0.8190 0.8109 274486 ° 275022 274049
248 0.8168 0.8208 0.8128 314489 315425 314654 !
377 0.7810 0.7885 007736 142.64 142490 "142.38 °
378 007992 0.8037 0.7946 266.39 246481 245,96,
379 0.8159 0.8201 008117 308415 308456 307.74
380 00,8098 0.8138 08058 386017 386463 385,71
738177 081287 08167 0.8088 &437.49 437,92 §37,05
. 382 08072 08111 0+8033 498452 499410 497, 94;
© 383 008053 068092 0.8014 540458 541620 539,96 !
602 0.8078 0.8125 0.8031 312,02 312 445 311.60 |
603 008117 068157 048076 633,54 634053 632455 |
604 007940 047979 007901 881.16 882433 879,98
605 0. 7809 07845 0e7772 1120407 1121.29 1118785
§ 606 007732 07768 067697 1327622 1328443 1326,02 !
: 607 007679 07715 0e7642 1454,81 1456439 145322 |
7608 0.7588 07624 0.7552 1714.03 1715.68  1712,38
! 609 0e7547 0.7583 0.7511 1799.72 1801650 1797.94 ¢
[ 610 0.7818 0.7854 047781 1106450 1107470 1105029
[77611777TT0e7704 T 0eT740 047668 1345038 1346485  1343,92]
{



TABLE 3-9 (CONTINUED) o 3-21
;; ,
| RUN K 95% RED 95 %
i NOo CONFIDENCE CONFIDENCE
O - INTERVAL INTERVAL ;
612 008110 008154  0.8065 429473 430470 428,76
613 07977 008020 0.7934 780621 . 782,03 778038
614 07992 048032 - 007952 754460 755,83 753,37 .
657 006983 067034 046932 87,96 88,12 _  87.81
7658 081317 008188 008073 194453 194074 194031 |
658 008129 008170 08089 194453 194.74 194431
659 0:8042 008099 07986 133.75 133,89 133662 !
659 008047 08092 008002 133,75 133,89 133662
660 08024 008081 007967 116400 116016 115,85
660 007968 008018 07918 116400 __ 116416 115485
661 008174 008214 008134 243,73 244501 243,45
i 661 0.8175 008215 048134 243,73 244,01 243445
662 08142 008182 0.8102 2864045 284081 284610 -
662 0.8157 048196 0.8118 284445 . 284481 284,10
663 008144 008184 00,8104 348438 . 348,479 347.98
| 663 068111  0e8149_ 08073 348438 348479 347,98
664 008090 08128 008053 455462 456413 455412 ;
664 008106 08167 - 068045 455462 4564613 455612 |
665 08081  008119. 048044 453,90 454437 453042
665 0.8086 08146 0.8026 453,90 454637 453,42
666 008049 008087 0.8011 532635 532.96 531674 ;
666 008021 _ 008071 067971 532435 532096 531074 |
7667 0080287 08065  0.7991 574461 575016 574405 |
1 667 007930 067976 07885 574661 575416 574605 |
668 07940 067977 047902 608¢10 608.76 607043 |
668 0,7951 007995 007906 608.10 608+76 607043 |
669 0.8258 008323 - 008193 86456 86082 86430
669 007954 008023 0.7884° 86456 86082 86430
670 0.8188° 0.8248 - 0.8129 113,64 113084 113645 |
670 0.8078 048129 08027 113.64 113.84 113.45;
i 263 008101° 08132 0.8071 585454 5864.07 585,02 '
1264 0.8120 0.8151 0.8089 550082 551435 550029 ¢
I 265 08135 008166 08105 1519425 519470 518.80 -
266 008139 008170 008109 475403 475444  4T4461 |
[ 267 0.8192 0. 8222 0:8161 436400 436439 435,61 !

t
|
I




TABLE 3-9 (CONTINUED) 3-22
© RUN K 95% RED 95%
j_NO. . CONFIDENCE CONFIDENCE
INTERVAL INTERVAL
: . {
L 268 008193 068224 068162 391471 392004 391,38
i 269 0.8226 0.8258 08195 369419 369452 368,86
v 270 0.8255 008287 0.8223 341625 341458 340692
P 271 008265  0+8300 08231 309425 309466 308485
;272 08274 008309 008239 278061 278.89 278633
273 0¢8276 ° 068315 0.8238 238,98 239022 238,74
274 0.8271 008313 08230 21727 21746 217.08
275 008162 008210 0.8113 185.55 185471 185.39
276 008255 0.8318 008192 © 157026 157644 - 157,09
371 067994 08120 007867 1580 44 158467 158022
372 008052 08117 0.7987 235434 235464 235,03 ¢
373 048179 008224 0+8134 317.19 317456 316,82 !
i 374 0.8175 0.8211 068139 415641 415,83 414099
{7375 0.8146 0.8180 0.8112 472023 " 472,76 471,70
376 0.8128 008160 008096 553462 554023 553601 !
636 08144 008190 008098 4150 44 416011 414076
T 637 0081297 08165 068093 562.41 563,21 561,61
638 048056 08087 048025 744,71 745043 743,99 !
639 007998 008028 007968 872.58 873439 871.78 !
{640 07934 067965 007904 100932 1010639 = 1008B.26
641 0.7868 007898 0.7838 1108480 1109.83 1107.76
642  0e7845 007874 _ 07816 1237654 1238457 1236450 E
643 067776  0.7804 0.7747 1337+ 40 1338.72  1336.07 .
| 644 . 048007 0.8038 07976 820484 821475 819,93 ;
i 699 ' 008098 008157 008039 90603 90012 89094
699 007929 008027 0.7831 90.03 90,12 89,94
700 0.8394 008452 08336 " 109.82 109.94 109,71
700 068052 068127 - 0.7977.  109.82 10994 109071
701 048286 008340 08233 156,34 156652 156017 .
701 0.8206 008254 08158 156034 156052 156017
702 008226 08260 048192 240035 240061 240409 |
702 - 0.8268 0.8310 0.8226 240035 240461 . 240009 .
703 048232 08264 . 008201 316053 316484 316023 +
703 008211 08244 . 068179 316453 316484 316623 |
7047 7T 068207 08237 0.8176 354403 354433 353,72 |

. »—:—r-——-:———-v %Ila*;;".vrf'v ‘N.'_Aurw-r
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(CONTINUED)

TABLE 3-9 3.23
RUN K 95% RED 95 ¢
NO. CONFIDENCE CONFIDENCE _
INTERVAL ) INTERVAL
. 704 ‘008205 008236 - 068174 354,03 354,33 353,72
705 0.8158 0.8189 0.8128 420081 421,15 420048 |
i 705 " 008135 008164, 04,8106 420481 421415 42048 |
i 706 08170 008201 08140 488001 - 488440 487,61
77706 08118 008147  0.8090 488,01 488040 487.61
{ 249 0.8183 008212 0.8154 474453 474,95 474,11 '
250 08204 - 008233 0.8176 470624 470466 469,83 |
251 0.8711 0e8744 . 0.8679 432,53 432,94 432,13
252 008206 008236 068176 - 40700 407.38 406461
| 253 0e8225__ 08255 08194 395464 396001 395626
7254 008245 08276 008214 379039 379.73  379.05 |
i 255 0.8137 068169 068105 350663 © 350094 350631
1 256 08234 008267 048201 343,459 343,89 343,29 |
257 o , 8303 0.8339 008266 311¢31 - 311.62 311.00
258 08249 008290 068209 282052 282.80 282424 |
259 008108 08155 008062 242021 242441 262,01
260 08142 008218 0+8067  180.09 180426 179.92
261 008186 08320 0.8052 134453 134,68 134,38 |
b 262 007790 008424  0.7157 56062 56069 56056 !
359 0.8141 0.8320 007962 175037 175060 175613
359 0.8280 . 048356 008204 175037 175060 175013
360 028245 008349 ' 008142 237,33 237456 237,10
i 3607 008236 008295 0.8177 237433 237.56 23710 .
I 361 0.8196 048256 0.8137 324,81 325,19 324442
i 361 0.8192 0.8246 008138 324,481 325419 324042
i 363 0.8186 0.8221 0.8151 50305 503463 502.48
363 008194 008247 008142 " 503005 503663 502448 |
366 008173 08209- 08137 487072 488433 487011 .
366 008114 048167 0.8062 487,72 488433 487,11
P 367 08251 0.8286 0.8216 568403 568,85 567420
1 367 0.8139 008192 0.8086 568,03 568485 - 567.20 |
i 368 0.8180 0.8233 0.8127 342,29 342,66 341,91
. 368 008125 0.8178 048073 342029 342466 341,91
269 08130 - 08186 048075 = 27731 27773 276490
370 0e7921 07989 007854 178.86 179.10 178,62
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TABLE 3-9 (CONTINUED) 3-2L !
I RUN K 95 4 RED 95%
- NO, CONFIDENCE CONFIDENCE
INTERVAL INTERVAL
{
i 578 1s0740 100884  1,0596 418610 418,72 417048
| 578 101547 1.1868  1.1225 418410 418,72 417,48
! 579 10672 100760 1.0584 548086 549,72 548,01 !
' 579 101494 _ 1.1682  1.1307 548086 549,72 548,01 !
£ 580 160501 100553  1.0448 7564423 754,99 753447 |
! 580 161101  1.1195 11,1008 754423 754699 753047 .
| 581 1,0364 100407  1.0321 921.18 922409 920,27
581 1.0930 1.0995 1.0865. 921,18 922,09 920427
582 1.0231 100269 100192 1072441 1073441  1071.41
582 - 100788 _ 100840 _ 1.0736 1072041 1073041 1071041
583 120214 1.0252 1.0176  1131.88  1132.91 . 1130.85 .
: 583 100214 160252 1.0176 1131488 1132.91 1130485 .
615 0-8055 008106 ' 008003 467022 46777 466068 |
616 08147 008183 0.8112 650034 - . 651002 649,65 -
617 07991 008021 007960 7964033 797612° 795,54
1618 007981 008009 07953 944418 - 945,00 943637
619 007880 07907 007853 1066481 106774  1065.88 |
620 007922 ° 008078 047765 246645 246486 246,05
621 00,8503 08619 0.8388 322077 323017 322,38
671 0.8665 0.8726 0.8603 138,51 138,67 138,35 |
671 0e8094 008182 008005 138451 138,67 138,35 |
672 0.8376_ 008429 008324 201431 20153 201,09 -
T6727 7 0082317 0.8280 08181 201621 201.53  201.09 !
673 008394 08445 - 068342 234453 234078 234,28
1 673 008329 © 008367 068291 234653 234,78 234,28 |
674 0.8268 08318 068217~ 250051 250675 250627
674 068252 008288 008216 ° 250051 250075 @ 250627 !
675 008461 068512 068409 301004 301,31 300,77 !
675 083317 0083637 08299 301.04 301,31 300,77 !
676 0s8293 008343 068243 310611 310637 309,85 |
677 08063 08112 008015 351451 351479 351,22
677 068264 008293 008235 351,51 351479 351,22 1
678 048297 068325 0.8268 394429 394460 393,98
678 048267 048299 048236 394429 394,60 393,98 |
) {
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‘TABLE 3-10

R e

: 3-25 -
959 CONFIDENCE INTERVAL FOR K AND RED ]
“RUN K 959 RED 95 ¢
NO, : CONFIDENCE’ - CONFIDENCE
| INTERVAL INTERVAL !
§ORIFICE TYPE  SPECIAL 15 BETA=0e4
{622 0.7027 007066 06988 266471 267036 266o07i
{ 623 0.6711 006744 0:6679 635433 636032 634034 |
624 006933 06968 06898 261427 261460 260093 ;
625 06874 006908 006840 345,90 346,37 345043 .
626 0+6839 0.6873 06806 432077 433,34 432420 |
627 006722 006753 006690 549088 ~ 550055 549.20 .
628 006685 06717 006653 665013 666600 664026
629 066640 066671 06609 799.88 800465 799,11 -
630 06610 066642 0:6579 912,00 913.06 910494 i
631 0.6585 06617 0.6554 1040452 . 1041659 1039046 °
632 06582 006613 0.6550 1164491 1166413 1163.68 |
| 633 006571 006603 q‘q533“_~u177.14 1178.51 117577
634 06586 006619 006553 1220.16  1221.53 1218,78 |
635 06835 0.6869 06802 411,95 412,52 411638 !
687 0e7311 067366 07256 60622 60436 60007
687 07148 07200 0.7096 60622 60036 6007
688 07157 0.7208 0.7106 93442 93457 93.28 |
688 "0e7172 007210 007133 93042 93457 93028 |
689 07072 007107 007037 170.81 171.04 170657
L 689 07036 07070 07002 170.81 171,04 1709575
i 690 06921 06954 0.6889 260,00 260630 259071 !
691 006850 006882 006817 332,19 332457 331680 |
i 692 06755 066787 '~ 006724 4064630 406 .68 405092 !
692 066782 066817 066747 406630 406068 405,92
693 06800 006832 0+6768 400047 400681 400013 !
[ 693 0.6823 06858 0.6788 400e47 400481 400013 !
694 07073 007109 007037 137642 137,63 137,20 ¢
i 694 0.7015 0.7051 0.6980 137e42 137.63 137,20 ©
* 695 06959 06992 0.6926 212449 21277 212,21;
| 696 007049 067083 07014 167.89 168612 167067 !
696 0e7003 07037 T 0.6969 167489 16812 16767

i
i
|
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TABLE 3-10(CONTINUED) 3.26

t

. RUN K . 95% RED 95 %
' NO, CONFIDENCE - CONFIDENCE
é INTERVAL INTERVAL
697 047106 0s7142 07070 122429 122449 122010
TE97 0.7113 0.7150 0.7074 122429 122449 122,10
b .
TABLE 3-11

§5 CONFIDENCE INTERVAL FOR K AND RED

RUN K 95 RED 95

N0 , CONFI1DENCE CONFIDENCE :

: INTERVAL \ INTERVAL Co

[ORTFICE TYPE  SPECIAL 30 BETA=0+4"

¥

% 645 07069 07105 _ 007032  271.98 272448 271449

7646 066963 006998 006928 375467 ° 376429 375,06

‘ 647 006871 006905 006837 481039 482000 480679

i 648 006764 06796 006731 576002 576078 575627

; 649 006695 006726 006663 723487 724,68 723,05

650 0e6651 006683 006619 860086 861.90 859081

| 651 006600 046631 006569 1021005 102200 1020009

652 006573 006604 006542 114199  1143.06 1140693 !

! 653 006576 . 006608  0.6544  1280.90 ~1282.07 1279.74

L 654 . 007160 0.7212 0.7108 147065 148000, 147029
655 - 006782 0.6814 06750 55090 . 551650 550030 :
656 066869 046904 006835' 486497 487,75 . 486020
679 007136  0.7193  0.7080 51087 52004 51070 f

79 0. 7105707166 07045 51687 52004 5170 |

. 680 07163 07214 07113 120614 120030 119,97 |

‘ 680 0.7188 07224 0.7151 120014 120030 119697

-y 681 007155 0.7190 007120 171.76 171.95 17157 7

681 07151 007201 07100  171.76 171695 17157 L
681 047133 07167 007099 17176 17195 171657 |

; A e AT . - A ————_s —- b e e e A m n M A TN BLEN -
" 682 06989 07024 06954 287739 287.86 286692

prampeie s e
'




TABLE 3-11{CONTINUED)

. 3=27

95%

b RUN K - 95% RED

. NO, . CONFIDENCE CONFIDENCE

] INTERVAL INTERVAL

| 682 07135 00,7185 0.7085 287039 287486 286092 -

683 06999 047032 06966 275475 276002 275049

I 684 067239 067279 067199 98,82 99 .04 98561

684 007217 007270 007164 98082 99204 98061

(685 07195 007238 007153 77420 77435 77405 '
685 067194 067247 047142 77420 77035 77405

| 686 006282 006335  0.6229 45480 450973 45067
686 45480 45493

e e e

067235

067293

0.7178

45467
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L-1
APFENDIX l - CALIBRATIONS

| The Calibration of Thermocouples 'and Thermometers,

The calibration of thermocouples 1, 2; 3, L, 5 and thermomster 1
was carried out using a strain-free Platinum Resistance Thermometer,
No. 169 31L, made by the American Instrument Company. The t;hermometer
was calibrated by the National Research Council in 1959. The following

quadratic equation describes the temperature resistance curve,

4

Rt , . ' o

§§‘. = 1 + AT + BT2 : S (30) .
A - = 0,00393298 .

B = =5,8138 x 10~7 /

Rg « 2.5121

where Ro = resistance in ohms at the fmeiing' p.‘oint of wat,exf
Rt = resistance in ohms af. temperature T |
T = measured temperature, ©C
A, B = constants |
The method uséd was essentially that recorded in Appendix II of
! Galloway's’ (14) Ph.D. thesis. The results for thé S thermocouples and
thermometer are recorded in Table L=l . ' .

Least-square-fit equations were calculated and appear as follows:

Tes1,°F = US.29751 x EMF(volts) + 32,372k - . (31)
Tog2,°F = LLa289022 x EMF(volts) + 33.574630 . - - (32)
T,g3,F = LLo337977 x EF(volts) + 33083946 - - (33)
Tog),OF = Lle236682 x EMF(volts) + 33.116095 LW
Toss,OF = LL.LT5782 x EMF(volts) + 33.30L903 - (3%)
Tog1,°F = 1.78927L x Tp1o°C +3L.94788 . -+ | - (36)

i .



TABIE -1

DATA FOR THE CALIBRATION GF THERMOCOUPLES 1, 2, 3, L, S AND THERMOMETER 1

Mﬁller Resisvtance Resistance |[Thermometer Thermocouple E.M.F. Volts
Bridge Thermome ter {Thermome ter ‘
. . : 1 1 2 3 L 5

Ohms OF oC op o

2.6850 63468 1746 17.70 00690 0,680 0.681 0.683 0,685
2.6552 - 58419 1,55 | ko0 0.577 | 04562 04564 0.566 | 04565
2470 68099 20655 20,70 0,805 | 04797 00796 04799 00801
2.7h19 T3.94 23430 23,55 00919 0910 00913 0,918 00912
2,772 79061 26,L5 26455 1,037 1,034 1,035 1.040 1,035
2,80L1 85.37 29.65 29,80 1.168 1.168 1,168 1.172 1.165
2.8313 90432 32.10 32.65 1.277 1,280 1.282 1,288 | 1.282
28671 - 96480 3600 36430 1,42k 1430 1,430 1435 | 1.430
28995 202,74 39030 | 39.55 1,58 | 1.%5 1,565 1.568 1.566

radl|



TABIE L2

CALIBRATION DATA FCR THERMOMETERS 2 AND 3

‘Thermometer Thermometer Thermometer Thermometer
- 1 Corrected_
1 oC by Eqe 36 | 2 OF 3 OF
oF .

26,25 78,91 79.1 7962
264.6 79054 7969 79.85
28.5 82,94 83.4 83.3
35.1 94e75 95,0 95,1
3065 86.70 87,0 87.0
2905 8L,91 85.6 8545
260h 79018 794 796k
2L oliS 75,69 . 15.8 75,85
22,65 72647 727 72465
19.) 66.66 66,7 66,65
18,0 6li,15 6l.2 64420

€N
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FIGURE 4-2 CALIBRATION OF THERMOCOUPLE 2
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4-3 CALIBRATION OF THERMOCOUPLE 3
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FIGURE 4-4 CALIBRATION OF THERMOCOUPLE 4
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FIGURE 4-5 CALIBRATION OF THERMOCOUPLE 5




TABIE L-3

'CALIBRATION DATA FOR CARBON TETRACHLORIDE

Trermometer 1 Density CCl)
oC gme/c.Co
25,0 1,5869
34,2 1.5705
33.5 1.5712
230k 1.5901
28,9 1.5798
31.95 ’ 1.5739
36,40 1.5657
21.75 1.5930
19,20 1.5975

18,40 1.5992
16,52 106020
26,10 1.5848

TABLE L-}

CALIBRATION DATE FOR BENZENE

Thermometer 2 Density CgH
oF gm./g.co
7903 00,8722
7708 0,3731
76,0 0.8741
Tho5 : . 0.8748
730 0.8757
69.6 0.877L
T1.8 0.8 761




L-10

Calibration of Thermocouples and Thermometers

The data from Tahle L-l for thermocouples 1, 2, 3, L, 5 and
thermometer 1 are plotted respectively in Figures L-1, L-2, L-3, L-L,
L~S and L-5.

Thermcneters 2 and 3 were calibrated using thermometer 1 as a standard.
The data are recorded in Table L-2. Using equation (36), a corrected
temperature, based on the resistance thermometer was calculated for
thermometer 1 in 9F. The recorded temperatures of thermometers 2 and 3
are coﬁpared with the corrected temperature of thermometer 1 to calculate

their least squares calibration equations.

Thermenmeter
2 Trsl OF = 0.98703L x Tpp + 0.760LL7T (37
3 Tms?2 COF = 0.981782 x Ty * 1.255504 (38)
The data from Table L-2 for the calibration of thermcmeters 2 and 3 are

plotted in Figures L-7 and L-P.



°C

THERMOMETER #

38

34

20 22 . 24 26 28 30

RESISTANCE - THERMOMETER °C

L

FIGWRE L-6: . CALIBRATION OF THERMQMETER #1 -



OF_

THERMOMETER # 2
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THERMOMETER # 3
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"t~ 7' FIGURE 4-8: CALIBRATION CF THERMOMETER #3
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L-16

Calibration of Manometer Fluids

*All density calibrations were carried out using the Chemical’
Engineering Department"a set of precision Hydrometers (Ch.ﬁ. 1566) .
The manufacturer calibrated them. at 60° F. They were used, however,
at temperatures between 60° F and 80° F, A Westphal balance, using
'dis.'tilled water as an absolute standard, was employed to check the
hydrometers at the higher temperatures. The hydrometers used were
found to be in error by no more than 0,3%. Therefore, the hydrometer
density readingé were accepted as correct within ¥0,3%. The results
for the calibration of carbon tetrachloride (saturated with FEG) and
' benzense (séturated with FEG) ‘appear fespectively'in Tables ).;:-3 and

L~h. Isast-square equations far the two liquids are

DENSITY ¢CCl ) = 1.632717 = 04001833 x T2 (39)
DENSITY (C H ) = 0.914061 =~ 0.000527 x Tp3 (ko)



