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ABSTRACT
DISCHARGE CHARACTERISTICS CF‘THRCATLESS FLUMES -
UNDER SUBMERGED CONDITIONS =~

o ' ' Ngoc Diep Vo

The submerged flow charactensucs of the throatless flumes are derived on

the basis of a semi- empmcal analysis.'A pressure corraction factor is determined

' experimemally to account for the non-hydrostatic pressure distribution at the throat
_saction of the flume which acts as a control. This factor is incorporated in the
governing equation whiéh is developed on the basis of the momentum principles.

Both the present and previously published experimental data are used to validate
the expressions developed. ' -
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NOTATIONS '

The fpllowing symbols are used:

b,

x < -

< <

v =% T N

by, by, by

coefficient (Eqs 9,134 and 18) o~
width at flow section conside}ed .
c;:rréction factor for force at diverging wall
reduction factor, Q/Q, -

acceleration due to gravity

piezometric head ‘

coefficient for free flow discharge (Eq‘ 1)
pressure distribution coefficient’ ‘ ‘
length of diverging wall of the flume
coefficient (Eqs.9,13 and 14)
momentum term

exponent for free flow discharge (Eq. 1)
pressure force, pressure

discharge, discharge under submerged conditions

throat depth to approach depth ratio, yyy'y |

=Vmean velocity

=

throat width to approach or exit width ratio, B/B,.
flow dapth . ’

flow depth at section 1 under submerged conditions

elevation with respect to fioor level
momentum coefficient
specific weight of water

density of water

o o
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6
“Qylbscripts:
.
2
a
P b
f
m '
N
t
W
WT

_diverging angle o~

 submerged ratio, y,y',

e -’

o}

approach section
section 2 o
location at 1/3 of flume contraction

location at 5/6 of flume expansion

: free flow conditions

measured

normal to the wall

throat section o
alqngwall

sum along wall

-N
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& 1.- INTRODUCTION - -
. v ¥

A4

1.1- sGeneral remarks:

An essential aspect of water resources management is the determination .

of the flow rate in open channels. In irrigation chahnela, water treatment plants

]

and water reclamation works, critical flumes can be used to measure the flowr
. ) ¥

A

rates. In these flumes,the depth y, at the constricted section is assume to be -

critical. The most common critical zgepth flume is the Parshall flume (1:3). dne of

.
th‘e récent developments related to the measuring structures. (6 to 10) is the’

throatless flume (Fig. 1a) The advantages claimed for this ﬂume are the followmg
() It operates well under both free flow and sulzmerged ﬂow condmons.
(ii) it has low head-loss because of its level floor,

(iii) it is very easy to design and very simple to construct.

V\‘/’ -
. ) ' : .

L]

Skogerboé (8) proposed anq }ested rectangular throatless flumes having

idendical lengths of gonverging and diverging sections under free flow conditions.

[4

- Later, Bennet (2) and SKogerboe (9) conducted additional tests on groups of

% ' :
geometrically similar flumes. and proposed the following equation for the -

L}

)

N~

e — T T T T



v ¢ His data indicate that scale effects occur at higher submergences in very narrow
. ‘ N ' '
flumes. However, he successfully explained these effects in terms of dissimilar .
’ boyndary growth. - ) '
= ) ) L . . “i '
1.3-  Present study:
e in the fdresent ‘study, the modular limit for the flume is determined as

discharge Q, under free flow conditions:

Q, = kB “*h, ' (1)

In Eq.(1), k and n are coefficients which depénd on the flume geometry,

“h,= piezometric head a’t‘locatiqn ‘a’' (Fig.1a) and Bt=throat width. Keller (6) rightly’:_'

points out that the effect of non-simiilar entrance conditions contributed'to’ the

N

scale effects in the'works of Bennet (2) and Skogerboe (9). He also reported the

absence of scale effects in geometrically similar flumes. Later, Keller (7)

conducted systematic tests on-throatless fiumes under submerged conditions in

a . .
which*drowned hydraulic jump occurs in the expariding section TBEF (Fig.1a).

g

-1

* function of the ratio y,/B, where y, is the upstream depth and B, is the width at

N '

thq"fentrance and exit sections of the flume. For given value of y’,/B),,\the

o"(,; %

1



9 L ’ ' A ’ ‘ ‘
- discharge Q. passmg through the flume is determined in ‘terms of the ’
4

submergence ratio ¢ = y,/y',. Here, y2 is the deMsecluon 2 (Fig.1). Based on

“semi-empirical approach, relationship linking Q, & and y',/B, is also developed

_ on the basfs of the mome_htum equation: Experiments wefa conducted oon three
geometrically similar ﬂumeeS'(T able 1)'to verify the ‘equation developed. The test |
results appear to agree reasonably well with the predicted discharge

relationship. - | Ca N



i ¢ '
]
R »
- \
y \
1
$
) 4
1
. i
CHAPTER 2
1] - P
. " ~ THEORETICAL CONSIDERATIONS
- ]
! ']
,
” «
« \' >
" . .
. \
. , ]
Al
N
*
oy .
v )
. % .
e 1
' ra T
N i ..
~
& ' ,
' » ‘ a ’ ' - -
. . .
‘h
. *
o P
? - ¢

&




. 2.- THEORETICAL CONSIDERATIONS

Q

+

2.1-  The governing equation:

As_au_mp_tmna The followmg assumptions are made in developing thq

‘governmg relatlons for the flow discharge rate through throatless flume of width B

for which Q, y, V and B denote the discharge, depth, mean velocity and momentum

coéfﬁqient respectively. Su,bscrip;s 1,t and 2 refer to the upstream, throat and

downstream éect;ons (‘Fig.1a), and @ is the diverging angle of the expansion

. section TBEF: |

(i) The cross section of the flume is rectangular and the floor is hori;zontal;

(i) The boundary shear force is ne{liJgJible in the section /TBEF and _BCDE te
of the flume (Fig.1a); -

'Qii) The momentum coefficient B, at the throat section is unity and the
I ,

T
NAY)
~ %1 momentum coefficient B, at section 2 (Fig.1a) varies only slightly with

4

the submergence ratio o.

Applying the momentum- equétion for the control volume TCDF in Fig.1,

one gets:



. R

a . , N . /
Pi+P,4PQV, = P4PBQY, ~ @) /
where, p = density of water and
Y 2 o "
‘ Pt =-2— K'y‘ Bx . * , ®)
* Here, y = specific weight of water, K, = average pressure correction factor. .
Further,
N Pw'= 2 [Normal force Py on the expanding wall} sin @ °
-
| - 2PN sing .
where, 8 = diverging angle . ¥
- Assuming that the surface profile is linear from the throat to the exit
{ + ot '
section, for situation in which the pressure distribution is hydrostatic: o

1
P -2Jlly2dx sin 8
R (
BBy + ) - @
-6 ] t 1 ytyz 2. .

-
~

In general, the surtace profile in the expér;sion of the flume is not linear
. -

from the throat to the exit section (fig.2¢). Further, the wall pressure is not



.
L . . i

hydrostatic, especially neér the throat section (Fig.2d). To account for these two
: n{gctors, coefficient 'C' is  used in Eq.(4) to express the actual pressure force

component P, interms of the linear profile. Thus, -

: n 2 2
P, =C-é- B -B)ly,+ Y,Y, +} ya)

Further, the pressure force at section 2 is ) “

' Y 2
P "’3"'28

v, 2 1

Lastly, substituting Eq. (3), (5) and (6) in Eq. (2), and simpl?‘ng:

. o
/ Y

L, /
Q 1,73 X 3 . v /
— e~ () (FrCc-cx-3)4 - /
St el
o*r(G-Cx)+ 0’ (3K x + C -/u/x)] ) @) - / ’

. 4 /
. y B Y o/
r=—L, x=—l and 6 =—2 . | (8) VAR
\J ‘o gV ’
Y B, . - '
- 4
t
v -
*
//
"
y :
«/ ’
e 7
//
# p N
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One notes that x = constant for geometrically similar flumes.

/ \
/ ~

o
2.2- Variation of K, wittiy' /B, and g
To obtain the static pressure corraction coefficient K; at the throat section,

, '3
actual pressure distributions were determined in the scale model of the throatless

flume (Fig.1r-._1). The procedure conéisted of several steps. At first, the pressure,

distribution at the throat section was plotted where the depth was y, and a line

was fitted through the free surface to yield an equivalent area for the pressure
diagram (Figs. 2a, and é'b). The procedure was repeated at 5 vertical locations of
~ the throat section including the two wall sections to account for the slight lateral

- variation of the pressure correction coefficient K. The average value of the

pressure correction factor denoted as K, was determined using these 5 values

(Fig. 2c)..The values of K; were plotted against y';/B, and o (Fig. 3.1). The
detailed procedure to obtain Fig. 3a from the test data is given in Appendix Ii.
This yielded the following approximate linear relation for the coefficient K, (Fig.

3a):

. Y\ '
,thm1(-g‘-)+b1 . )

o2 ‘ B



~ forx = 0.52, and the experimental ranges:

, .
. e .
- , o -
. < .
.

0.30 < y',/B, < 1.50 and 0.805 < 6 < 0.960.
m, =0.640 -ﬂ6.71 | for o s'o.ss
' m, =1.206-1.20 foro > 0.89
and | oo \ L -
b, =0.550+0.42 for the entirg range of o.
2.3 -I M,/ﬂ,mz
~ , . _

The values of the pressure corraction factor K along the vertical section of
the expansion, walls was determined using the static wall pressurei;data and step .
one of th? ‘procedure described earlier. Using the values of K along the wall (Fig. -
2d) and the water surface profile (Fig. 23). the variation of the normal wall .
pressuré force per unit width along each of the expahsion walls wa;s deterfhined

(Fig. 2f). The total areas of these diagrams denote the total ngrmal pressure
force Py over the walls. Knowing the force Py, the axial component P, can be

" determined. Thus, ‘

T

T T——



. 2P ¢ . ,
\ Pw-=2PNsme-= — (10) « ‘ (/

! V37 -
i .

t
1

. For a radial expanding channel."oné obtains the following expression for
- the ideal axial force component P, (12) for?situatior{ in which the pressure

distribution is hydrostatic and the water surface is linear: .

’.~ y N _
P B B2 +y,y, +¥2) (11)

As mentioned earlier, the surface profile in the section TBEF (Fig.1a) is
not linear from the throat to the exit section BE (Fig. 2e). Further, thewall pressure

is not hydrostatic especially near the throat section TF (Fig. 2d). To relate the test '

data related to the axial force P, with the axial force P',, for the linear profile, the ;

factor C is used. Thus,

\ . PB,=CP C L (12)

* \ l
. | 3
The values of C were plotfed against corresponding values ot y',/B, and &

(Fig. 3.1). This yielded the following approximate linear relatibn for C (Fig. 3b):

“")

_M,



“»

10
y' |
C=m_{_1)+b - (13) .
. 2(81) % ‘ N v. o
g /,
/

for the above cited experimental ranges of variables:

“

f ' o
~ my=0616+034 for6<0.89 I

b, =3.890-2.55 for 5<0.89

7 m, = 1.716 - 1.73 forg>0.89
J b, =1430-0.36 - for 6> 0.89

2.4- - Variation of r= yyy', with y'y/B,.and ¢

%

Owing to the difficulty of the depth heasurement at the throat at low
3 ) : ot ¢ S
submergences and free flow conditions, a relationship in terms of the upstream

-

depth y', is desired. The experimental values of r = y,/y'; have been plotted

against the corresponding values of y',/B, an& o (Fig. 3.1). This yielded the
following approximate linear fit for r (Fig. 3¢):

i




k]

r -.ma( 4 )+b

(14) ?
| B -
For the above cited experimental ranges of variables: - .
9 el
. ] 6 .
=-0.316 + 0.36 forc<0.89
T " by =0.350 +0.51 for 6 < 0.89
<
3 »
and, v .
., My =-1.216+1.17 for o> 0.89
b; =1.640-0.64 forc>089 . ¢
/ o ‘ < -
2.5- Varationof B, withg:
The velocuty distribution at section 2 (Fig. 2g) is found to be affected ’ .

partlally by the control of the downstream depth. As result, the momemum

coefficient _’B2 varies slightly from unity. _Experiments yielded_ the fb’llowirig

. . \ - .
[N ) . -.




L+ , approximate linear relation for [32 in tetms of o (Fig."3d):

!
N

’
1

-

" B,=0.190+0.86 (15)

<5

- N n

~

Table 2 summarizes the values of B, and the various empirical ‘ =

‘ coefficients of Eqs. (9,13,14 and 15). The ranges of variables covered by the

test program were restricted by the equipment limitation. - . - B
. ) . /"\
7~ - . < ..

) \Using Eq. (7) and the empirical relatigns which link K,, C, r and B,, with *

y',/B11 and o*(Table 2), thq dependence of { (= Q/Qy) on ¢ and y',/B,-can be
{ | established. This dependence_is.shown in the insert o.gFig. 4a. The dashed line

2

in FigAa and its insert denote the meary trend follbwed by the predicted variation
of f with ¢ when y',/B, is disregarded. A third degree polynomial fit yielded

the following expression of { *s o .

»

. 2 3 :
- =348 - 1210+ 1456 -58.80 (18). |

/

Using Eq. 7 and the empirical coefficients K,, C, r and B,, design charts

L]

}*"p . - - L
. ' .

- N ) " ) N
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. .
=13 ’ o
. . .
- N ~ ~
‘ o
“ . ¢

‘such as Fig. 4c can be developed to relate Q,/qB,5 with y';/B, and ¢ = y2h1y"1. The -~

solid.line in Fig. 4c denotes ‘this predfcted relation for free flow conditions ( o< - '
. , | N
0.805). A fourth degree polynomial fit yielded the following expression for Q,/gB,5 f\k
4

-

vs y'y/B,whenoc < b.qu and03<y,B; s 1.5,

” y
_9_3 -.0.027 1) +0428-0
gB, B, B,

, ‘. o
g -0.1\09(-5‘-)3+o.133(-y—‘-)‘ (7.

o ) B, . ‘ ‘ .
X Eq.(18) - "
A

alternate expression‘such’as relating Q?%ng with y‘,/B,‘in free flow >

‘?f‘

'

conditions can also be eevelopqd (Fig. 5b):. -
o 2 .. L 4 { R v‘
8 Y b S , , .
82 .y , 8 - ..
gB B, : L .
. ’_ 1 y q [
where, b=3.22 +0.266 (—) S .
For submerged flow conditions (a > 0.805), the mean variation of f (=Q/Qy)
with & (= y,/y';) shown in Fig.4a was used in conjunction with the free flow
discharge characteristic curve to obtain the dashed lines denoting the variation of . "‘4 S,



-y,

Lt

14

. Q?%/gB,5 with y',/B, for selected values of (Fig. 46).

» p o]
®

" Also, experimental values of h,/B, were plotted against the corresponding

y1/B, (Fig.5a). This yielded the following linear relation o relate h,/B, withy,/B;: " -

-
[

o y e A
/ L _os6(=2) - (19)
s B, . B :

-’ - g

Keller"s data were transferred and expressed in terms y,/B; (Figs. 4c, 6b). .

L]
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3,: EXPERIMENTACSET-,UP AND PR(_)éEDURE\- g ¢

The experimental set-up used is shlown in Fig. 1b. Three geo;r\etﬁéally .
- similar réctahgular'throatless’ flumes (Table 1) were built using 12mm  thick
. plexiglass she,ets.’ These flues were located in horizontai glass-walled channel
* which :vas 47cm deep. The approach and exit sectidns had wic’iths m”atching
wic!th of the. test flume (Fig. 1b). Sufficient number of pressure taps of diameter
1.5mm spaced in square grid network at 50mp intervals were provided in the
ﬂdbr and in the qiverging walls. A static preésure .probe of diarﬁet'qr 3QO with a
flattened limb (5) was used to facbrd the static pressure 0distribution at section 2

i

and the flume throat. .

The pressdre distribution at the throat section was studied for wide range

of dischgrges at various degrees of submergenée. The depth y, ory', was

g

measured at segtion 1 which was at 1B, upstream of the entrance section. The .

-depth y, was measured at section which was 3.5 B; from the exit section where

tt{e ‘velocity distribution is not highly distorted (Fig.1b). A standard pitot tube of
' i
diameter 3mm was used to obtain the velocity profiles. All pressure heads were

measured to the nearest 0.5mm of water column.
s :

~

&

L



N

. Flow, depths and surface profiles were measured by means of poirit gages
which recorded depth to the nearest 0.1mm. A standard 60° V-notch was used to
measure the discharge. The maximum‘error in the discharge measurement was

estimated fo be 3%. "
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_ 4- ANALYSIS OF RESULTS |

4.1- General remarks:

9

Both the transition submergence T, and the modular limit for the

throatless flume are determined on the basis of test data. The former is defined as
the limit of the point at which the figivin the up-stream section stays unaffected by

submergence (Fig. 6a). Modular limit denotes the limit of submergence at which

flow reduction of 1% is registered for the same up-stream depth {y'y).

Keller (7) obtained the transition submergence T, for the throatless flumes

and observed that scale effects,\exist' in very narrow flumes at very high values of’

hy/B, and h/h,. The value of the transition submergence T, can be also found by
L . ' , . .
plotting QNEB1y',1-5 against y',/B, and y,/y';. In graph such as Fig. 6a the value

of T, corresponds to point at which the factor Q/VgB,y',*5 begins to decrease dug
¢
to submergence effects associated with higher values of o. For instance, ‘T, =

¥o/y'y = 0.805 in Fig. 6a (test #4). For all the tests, sketches similar td 6a were

developed using the basic data (Tables 4 and 5). Only rep?esentative sketches

: *
)

are shown in Figs. 6a-i to 6a-xii.
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To find the existence of scale effects in submerged flows, sketches such

as Fig. 6a were drawn (7). These in turn were used to plot y'y/B, as function of

Q/VgB,y',!5 for various values of o = y',/y", (Figs. 6b to 6e). For instance, to

skeich Fig. 6d, o is selected to be 0.90 and the corresponding paired values of

Q/VgB,y',!:5 = 0.298 and y'y/B, = 0.48 are obtained from Fig. 6a. T6 complete

Fig. 6d, the pYocess was repeated for other values of y's/B,. Fig. 6c to 6e were

developed in a similar fashion using sketches such as Fig. 6a for other values of

the test variables. Fig. 6b is sketched for free flow conditions (o < 0.805). Figs. 6b

to 6e show that scale effects are small and are confined tg!irier submergence.
A plot of h,/B, vs Q/NgBh, 'S is also included in Fig. 6b to compare the present

results with Keller's results (7): <

In Fig. 7a, the transition submergence is shown in terms of the variable
.. hy/h, using the results of the present tests and those of Keller (7). Figs. 7a and 7b
show the transmission submergence and modular limit diagrams for submerged
flow conditions in which y,/y'; is the main variable. The change in the shape of
the two graphs denoting the transition submergepce in term of hy/h, and y,fy', in
Fig. 7a can be attributed in part 'to the effects ?f curvilinear flow which rendtgr’s the

pressure distribution to be non-hydrostatic at section "a” where h, is registered. In

.
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Fig. 7b, the modular limit based on experimental data appears to vary from 0.83

. 16 0.815 in the range of y,/B; covered in the test. This comparas favorably with

o

the valué of 6 = 0.8:15 for the predicéd modular limit (insent, Fig. 4a).

\

4.2-  Momentum relationship:

oy
K

The left hand side and right hand side of Eq'; (2) denots the momentum at

the terms M, and M, corresponding to section t and section 2 (Fig. 1). Using the
" . P “

il

empirical coefficients K;, C, r and B,of Table 2, the correlation between M, and M,

is shown in Fig. 4b. The ratid (M, - My)/M, is a neasure of the agreement between

the valuas of the momentum terms at sections {“and 2. For the test series

/4 ' -
reported, maximum devi}ztion of 2.5% was noted for the ratio (M, - M,)/M,. In

general, the momentum balance was close for the two sections considered and
A :

Q

this validates the use of approximate linear relationships develobed for the

i

various empirical coefficients and the general approach gdopted.

3

w

I

;\.

&
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\ 4.3- Submerged flow discharge relationships:¥

R N

For submerged flow. conditions, Eq. (7) was used to determine ‘the

predicted discharge Q (insert, Fig. 4c). The values of Q correlate reasonably well

wiu}', the measured values of the discharge Q, in the range of y',/B, and ¢

covered in the tests. The ranges of y',/B, and o covered in the test series do fall
within the practical limits encountered in the field. For instance, at very low values

of y',/By < 0.3; boundary friction terms can be significant. For values of y';/B, >

1.5, the curvature of the flow is high and the linear corrglation coefficients for K, C

and r may not be valid. Accuracy of discharge measurement was also a key factor

in the choosing the range of variables during‘ the tests.

As stated earlier, the predicted relationship between the flow reduction -

4 i
factor f = Q/Q; and submergence ratio o almost collapse into a single curve

indicating the small influsnce of y',/B, (insert, Fig. 4a). Experimental data related

to the smallest flume contribute'to some scatter in the relationship between f and
o based on test data (Fig. 4a). However the exberir:nental mean curve and the

predicted mean curve relating f and o in Fig. 4a display a close resemblance to

each other.

| -y
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The dotted lines in Fig. 4c is a design chart which can be used for
determmmg the flume discharge under submerged flow condmons Under

¥ s

sub?h\erged conditions, the measurement of two depths contnbute to lower
accuracies in the determinaﬁon of dis_charge. However, under free- flow
conditions, t‘Ie geometrical configuration of the throatless flume leads to
considerable head Iosseﬁgin the expansion section of the flume. Consequently, if
conservation of head is an im';)onant criteria, one could use the throatless flume
under submerged conditions to reduce the head loss, although the prediction af

’

Q is slightly less accurate.

d

4.4 - Comparison with previous studies:

Keller (7) used the following non-dimensional parameters in plotting

experimental’data: Q/NgBh, 15, h/B, and h/h,. The transition submergence in
, _deeply "
terms of hy/h, varies’with h,/B, (Fig. 7a). In the range of y,/B, covered, it was

found that the transition submergence T, = 0.805 and the modular limit is almost

constant at 0.815 (Figs. 7 and 7b).
\ -

> \

dnder free flow conditions, the present relatnon QzlgB Svsy,/B, pred:c}ed

from the momentum pnncnples Eq. (7) agrees quute well with the relations

¥



4

)
X,

.' . | developed from the energy brihciple (10). The comparison betwgen the trenﬁs ;

’J\lfig.aopr;—)éndilel'.‘ : o ‘

M0

RN

Un

. suggested by the Eq. (7), Eq. (17), Eq. (18) and Eq. (14) of Ret. 10 are shown in
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g / 5 - CONCLUSIONS AND HECOMNDATIONS |

)

5.1 - . Conclusions:
. . ‘ »
" - | ’
The following conclusions can be drawn for the performance of the N

throatless flumes ander submerged conditions:

(i) Scale effects appear to be small and are confined to very high values

of submargence.

(i) Test data indicate that the momentumn equation can be used to relate

the dimensionless discharge Q2/gB,5 with y',/B, and ¢ in the practical ranges of

' (3"

0.3 <y'\/B,< 1.5 and 0.805 <o < 0.960. To obtain discharge characteristics of

AN

¢ ¢

: . L, ]
throatless flumes, one shouid obtain the pressure correction coefficient K, to
. ) ' / .
account for the curvilinear nature of the flow.

(i) For field use, a design chart such as Fig. 4c can Be used to determine |
- »
the discharge rate through a throatless flume -under tree or submerged

conditions.
o

(Vi) Under free flow congitions, considerable head losses 0CCUr in the
expansion section of the flume. Consequently, if conservation of head is an

important criteria, the use -0f the throatless ﬂume,é,under submerged conditions

!

is recommended. ' p

»
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d

(i) While the qiperimental ranges of variables Fnay be satisfactory fér most .
| ﬁeld applications, thé study car{ be extended to cover a range of y",/B, lérger than ..
15. o o
(i) 1t would be desirable to e;dend’studieé on-models having (a) varying
:en\rance width to throat width ratios, (b)_vgrying converging length to dj‘vérging

.length ratios. These parameters may be incorporated in the discharge

_ relationship to 6vbtain more genera'lized equations applicable to any geometry of ,

s

throatiess flumes.

(i) 'To‘ obtain greater amuraci;s, one cé;\ avoid the depth measurement
at the throat sectg;n and apply the n;om'entumﬂ equation between section ‘1 and
saction 2. (Fig. 1a) as exp}ainéd.in §ppend§x M. Tests may be conducied‘iﬁ verify
the bredipﬁons of this model. v |

s
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APPENDIX i .

DETERMINATION OF EMPIRICAL COEFFICIENTS K,, C and r

_ { : ,
Sketches such as Fig. 3.1a were drawn using the test data to obtain the

4

relation between K, and y',/B,. For instance, selecting ¢ = 0.805, the paired

values K, = 0.70 and y',/B, = 0.85 were obtained from Fig. 3.1a. This is plotted as

the dark point (*)in Fig. 3a. The. process was repeated to obtain other paired '

B

values of K, and y',/B, at fixed values of ¢ to complete Fig. 3a. Similar procedure

' was used to generate i;ig. 3b for which Fig. 3.1c and Fig. 3.1b were used as the

basis. Fig. 3c was generated from Fig. 3.1d and Fig. 3.1b. Only typical sketches

‘are shown in Figs. 2a to 2g illustrate the procedure. The data in Table 4, and 5

ware used to generate other sketches such as 2a to 2g to obtain data for plotting

Figs. 3ato 3d. ‘ _ C.
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v

'\Wb}

ALTERNATE EQUATION FOR SUBMERGED FLOW DISCHARGE

Yex

. Using assumptions made in Chapter 2 and applying the m¥mentum

equation betwéen the section 1 and 2, one gets:

¥

' .2 Y 2 .
. _Z_y1 B+P, +pQV, =, B, +P+PRQV, (20)

where
. -

N L3

Pp = axial wall force on the downstream ex'panding walls

and | (N

' Py, = axial wall force on the upstreant contracting walls -

For the downstream wall force Py, or previously PW (Eq. 12), the factor C

was determined (Eq. 13). N

' For the contractinggéeé"tion. one can use the energy equation and the

»

confinuity equation to predict the water surface profile. This in turn yields the force
- -

P', where the pressure is hydrostatic. A correction factor C, similar to C used in

{

Eq. (13) can be obtained to account for the variation of P, with ¢ and y',/B, due to
<y

€

" c
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e

the non-hydrostatic distribution of the pressure in the contracting region of e

flume. Using the test data related to C,, o and y',/B,, curves similar to Fig. 3b can

be developed for processing the test data. (\
J

Pu=C Py o 1)

Also, one could combine P, and Ppand use the total wall force value

]

, y
Par =Py-Py - - (22)

Thus, only one factor C' has to be determined. Substituting Egs. (12) and

(21) or Eq. (22) into Eq. (2) one could obtain a relationship for the discharge Q in

which the throat depth y, and the prassure-contraction factor K, is omitted.

4
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Fig. 3, - Variations of K, C, rwithy',/B, and ¢
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. APPENDIX Y
TABLES

1///
. 5]
TABLE 1 - Test Flumes -
[All dimensions in centiméters]
Fume B L L L - B
' 1 . (2) (3) S C) I 5 (6)
1 ' 156 . 21.6 43.2 "64.8 300
o 417 162 324 486 225
3 78 108 - 216 324 150
N & A¥y "
\ 2,
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TABLE 2 - Valued'! B, and various empirical coefficients.

" '0.805 < 0< 0.890

0890< ¢ <0.960 .

m, 0646 -0.71 1.20 6-1.20
. Kt ,
" . b, 0.55 6 +0.42 0556 +0.42 -
" m, . 0610 +0.34 1711 ¢6-173
b, 3.890 -255 1430 - 0.36
m, -0.310+0.36 1210 +117
3 _r ) \
b, 03506 +051 - 1.64 6 - 064

-

Momenfum Cosefficient

#

Bo= 0.19 ¢ +0.86

-




%

%

. -
Number- Variable ~ Accuracy
(1) (@) (3)
+1.0 mm
1 X = Length i
. +05mm
2 Pressure Head . » !
+ 3.0 %
3 Discharge ’
- . .
0 . 4 / -
: . %
f -
L 2




CONOAVLEWN -

10

1"
12
13

‘23
15

16
17

TABLE 4 A

!

e S

PROGRAM FLUME ( INPUT,OUTPUT,TAPE 14, TAPENS)
JNTEGER TN(25),J0(25)

REAL MT(25,10),M2(25,10),K(25,10)

DIMENSION v2(25.10),$16(25.10),C(25,10)7
P(25,10),PT(25,10).PD(25,10),P2(25,10) ,0VM(25,10), a0
VB1(25,10),v1(25,10),0(25),QC(25,10),ERQ(25,10), )
X(25,10),U(25.10),V(25,10) .W(25,10),02(25,10). or(zs 10)+
RQT(25,10) ,XX(25,10),$UM(25,10) . str(zs 10),« '
umM(zs, 10),0M(25,10)

D0 5 I=1,25
READ(M *)TN(I),0(1) ™D

. CONTINUE . ' :

DO 6 I=1,25
READ{}5,%) JD(1)
D0 6 J=1,J4D(1) '

READ(15,%) V1(I.J),v2(1,J) . *

CONTINUE
PRINT 100 .
00 20 1=y,25 o L
DO 20 J=1,JD(1)
o SIG(I,J)=v2(1,4)/7Y1(1.9)
vB1{1,J4)=vi(1,J)/.984
1F ((§1G(1,J).LT.0.8).0R.(51G(I,J).GT.0.960)) GO TO 20
1F (SIG(T, J) GT.0.88) GO 1O 1
AM1=, 6440515(1 J)- 708
~ GO TO 2
© AMI=1,2¢S16G(1,4)~ 1 203
BM=0.55¢SIG(1,J)+0.420 N ‘
K(I, J)lAM!‘VBI(I JI+BM o
1F ($16(1,J).GT.0,88)GO TO 3 . @
CM=-0.6115S1G(1,J)+0.344 .
CA=33889°51G(1,J)-2.551 l
GO TO 4 '

+

CMs1.71451G(1,J)~1.726 ' Y

CAz1.429251G(1,4)-0,361 .
c(1, J)=Cmv81(1 J)*CA .
PF=.1129vB1(1,J3+.78 .
1IF (51G(1,4).G7.0.96) GO TO 12 .
~ 1F (51G6(1,9).67.0.88) GO TO' 1
' AA=2-.306%51G(1,0)+.357
GO T0 13 . ’ :
=-1.214°816(1, J)*l 166 .
T I 10 13
_AA=0. ‘
IF {SI1G(1,J).GT,0.89) GO TO 23 ’
88=,353¢S1G(1,J)+.506 .
GO 70 15 .
BB=1.6369SIG(1,J)~.638 . :
PP=AA*YB1(1,J)+BB ) < ‘
. 1F (PP,LT.PF) GO TO 18 . .
P(1,J)=PP / ‘ )
GO TO-17 . -, -
P(I,J)=PF . ‘
BET(1,4)=0.194%S1G(].J)+0. 864~

b -

’ LY
. *
!
, .
\
4
L]
.
.
N
a - "/‘
.
L] -
.-
@
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.
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R
-
.
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<Y

J ,' ' 3
(Tabple & cont'd) , * .
- ! k"v‘
P ¥ .
. .
L 4
. ) a
S6 ’ PT(1,4)F31.290.5120k(1,J)*((P(1.J)PY1(1,J))®2.0)
57 P2(1,J)=31.200,984¢(v2(]1,J)®92.0)
58 MT(1,0)=(62,4/32. 2)*(Q(1)%*2.0)/(0. 512°(P(1,9)°Y1(1,J)))
59 . M2(1,0)=((62.4/32.2)¢(Q(1)**2.0)/(.884°Y2(1,4)))°
60 e . BET(1,J)
61 A : Po(l J)=(62.4/6.0)9(0.884-.512)*((P(1,J)*v3(1,J))2*2.0¢
€2 e Y2(1,4)°02.0+(P(1. T3)eV1(1.3))ev2(1,d))eC(1.J)
63 SUMIRPT(I, J)4+PD{1, J)+MT(1,J)
64 ' SUM2=P2(1,J)+M2(1,J) ‘ k) .
65 ' . DVN(I,4)=100. 0'(Sum-suu2=)15uu| .
66 % um(l, J) SUM)
- 67 DM(1,J)=SUM2
68 . A=(0.489C(1,J)-3.0)*P(1,J)*SIG(1,J)%3.0 , .
69 . B=0.48¢C(1.,J)¢(P(1,0)%S1G(I,J))*%2.0 N
70 ° © E=(1.569K(1,J)+0.4B%C(1.4))*51G(1,J)%P(1,J)**3.0
71 . . 0x0,52932.2%(.9840%5 . 0)e(VB1(1,J)ee3. 0)/(6.0%(.52%P(1, J)'
72 ‘e BET(1,4)~S1G(1,J))) N
73 i QQ=D* (A+B+E)
74 . QC(1,4)=QQ**0.5
75 ERQ(I, J)-IOO o'(ocu J)=Q(r))/q(1) PR |
76 20 CONT-INUE R
77 DO 30 I=1,25 : . : '
78 PRINT 35,TNGE),Q(1) oot
79 © D0 30 J=i, J0(1) . i
80 ' IF (51G{1,J).LT7.0.8) THEN,
81 PRINT 39.v1(1,4).Y2(1,J),vB1(1,4), SIG(T, J4),
82 ELSEIF (S1G(1,J).GT.0.860) THEN
83 PRINI 41,v1(1,0),v2(1,J).ver(1, .u) SlG(l J)
. 84 . ELSE
8s . PRINT 40.¥1(1,J), v2i1 #J),¥BI(1,0),516(1,9), ¢
86 ™ PT(1.,J).MT(1,J),POLT,J),P2(1,J) M2(1, .q
87 . ; e ' VM(I(J’) uM{l,J) . oM(1,9) v
88 . ENDIF ~
as a0 CONTINUE -
80 PRINT' 300 - .
81 , DO 60 1=1,25 LY
92 - . PRINT 35.m(1).0(x) - .
a3 ’ DO 60 J=1.J4D(1)
94 ) IF ((S1G(1,J).LT.0.8).0R.(51G(1,J).GT.0.960)) GO TO &0
85 . PRINT 50,¥81(1:d4),S1G(1, JY.Kk(1,0).C(1.9), ,
96 . P(1,d), ocu J),ERQ(1,3) .
- 97 60 CONTINUE
o8 ’ ’ 00 70 1=1,25 - i
g9 3 DO 70 Js1,3D(1)
100 : 1F ((SIG(E,J).LT.0.8).0R.(SIG(I,J).GT.0. 960)) 68 10470
101 ~ X(1,J)=0. 52'(P(I Fevi(l, J))‘vz(l J)/
102 L (0.52¢BET(1,3)8(P(1.)ov1(1,9))-¥2(X,))
103 " XX(1,J)=x(1,J)%(32.2/6.)%(.984802.)
104 UCT,0)=3. oK1, 100,520 ((A(1, )ovi(1, u)lee2.)
10% . v(1.4) 0.48°¢C(1, N (((P(1, J)'VI(I J))ee2. ).
106 . o e - (va(l,J)%%2.)«(P(1,4)8vI1{1, J))'VZ(X J)) '
107 . w(l,J)=3. ‘(vz(l J)ee2,) e
108 ° SUM(T,J)=U (1, 3)+v(I, J)-w(l.J) o
109 | Q2(1,J)=ABS(SUM(I,J) 1%ABS (XX(1,4)) 2 *
110 QT(1,J)=02(1,J)%%0.5 S
11 . RQT(I J)=100.%(Q7(1,J)~ O(I))lc(l) .
—~112 . 70 CONTINUE
- ! AL
. . /\
+
K A\
¢ ] .
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e,

vey

113
114
s
16
n7
118
ns
120
121
122

123

124
128
126

27

128
129
130
13
132
133
134
135

137

.

(Table & cont'd)

200

250
300

PRINT 200
DO 80 121,25 )
PRINT TN(D),Q(1)
80 80T U0(1)
IF ({SIG(I,4).LT7.0.8).0R.(S1G(1,J).GY.0.96D)) GO TO BO
PRINT 250,VB1(1,J),S1G(1,J),

[ X, d)  xX(1,J),0(1,J0),v(1,3),wW(I,J), '
* SUM(1,4),02(1,4),QT7(1,2).RQT(1,4)
CONTINUE

FORMAT(/5X, *TEST#* ,12,2X, 0QACT=" ,F5.3,2X, 'CFS”)

FORMAT (4X,2F7,3,2F6.2,10X, "FREE FLOW')

FORMAT (4X ,2F7.3,7F6.2,F5.1,2F6.2) -

FORMAT(4X,2F7,3,2F6.2,10X, 'SIGMA >> 0.96') .

FORMAT(4X ,6F7.2,F6.1) ; .

FORMAT(/ BX, ¥1°,5X, 'V2',3X, " Y1/B1" 1X,'V2/v¥1°",
@2X,"PT’ ,4X, "MT’ ,AX, *‘PW' 4X, P2’ ,4X, .

@ M2° 22X, "WDEVM* ,2X, "UM" ,4X, DM )

FORMAT(/6X,°Y14B1" 1X, ¥2/Y1’, - .
@I, "X’ ,5X, ‘XX’ ,5X, ‘U’ ,BX, .
@’V ,6X, W’ 4K, 'Urv-Ww' 4X, Q2" ,5X,°QT",2X, 'RQT"}

FORMAT (4X,2F6.2,F7.3,F6.2,6F7.3,F5.1)

FORMAT(/7X, Y1/B1' ,2X, VY2/V1' 4%, 'K’ ,6X,'C*,6X,

®°R*,6X,°0QC’,3%,"%ERQ") .
STOP v '
END . .
* "{
’ »
v
]
. . .
»
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\
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.
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- .
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{ Table & cont‘d)

vi

TEST# I
. 239
. 239
. 239
. 239
.240
. 248
.28

TESTe 2
".324

&

TEST# -3
. 346
. 348
.368
.412
.457

TEST# 4
.456
.456
456
.456
.460
.563
.563

TEST# 5
.466
.47%
.01
. 544
,583

TEST# 6
519
538
.594
.623
.695

TESTS 7
.544
[8e
~h26

T2

.

Y2

QACT=
. 169
178
.186
. 192
.204
.223
. 262

QACT=
. 269
303
. 340
. 385

QACT=
. 246
. 286

.330

.383
.438

QACT=
V317
.335
. 355
.365
.395
.534
534

QACT=
.374
.406
Yy
.508
.562

QACT=
.164
. A48,
.494
.584
.670

QACT=
.447
.497
.586
.684

. ‘
vi/81 v2/vy

.189  CFS
24 .7
.28 .74
.24 .78
.24 .80
.24 .85
.25 .90
.29 .93

.306 CFS
.33 .83
.34 .89
.37 .93
.4Y .96

.348 CFR$
.35 .1
.35 .82
.37 .90
.42 .93
.46 .96

.541 CF5
.46 .30
.46 . .73
.46 .18
.46 .80
.47 .86
.57  .8%
.57 .85

.561 CFS
.47 .80
.48  .BS
.5 .89
.55 .93
.60 .95

.673_ CFS
.53 .32
.54 .84
.56 .89
.63 .94
.77 9%

.713  CFS
.55 .82
.57 .88
.64 .94
.72 .96

1
1
2

N -

-

WwWwN —

BWNN -~

PY

.50
.54
.63
.83

.95
.16
.56
.07

.09
.38
.97
.68

.81
.02

5D

.90
14
.55
a7
.32

2.64

b W

& W

10
.60

.87
14
.63

51

MY (2] P2

.
.

1
!
1.

1.
1.
1

1

[SE SR LS

3.
2.
2.
2.

20

[XEAR

FREE FLOW
FREE FLOW
FREE FLOW
69 .30 13
68 .43 1,28

64 .61 1.83
5%/ .91 2.m)
2

5

31 .67 2.22
221,10 2.82
08 1.52 3.55
95 2.06 4.55

FREE FLOW
58~ .72 2.51
45 1,31 3.34

.24 1,81 4.50
.07 2.67 5.89

FREE FLOW

FREE FLOW

FREE FLOW

.89 1.02 4.09°
.82 1.61.4.79
.13 3.83. B.75

.13 3.83 B8.75

03 1.08 4.29

94 1.67 5.06

74 2.35 b6.16

41 3.35 1.92

17 4.23 9.70

FREE -FLOW

.15 1.89 6.16
.36 2.81 7.49
.01 4.43 10.47

SIGMa >> 0.96

.14 1.7% 6.13
g5 2.77 7.58

J6 4.44 10.54
SIGMA >> 0.96

MZ  %0EVM UM DM

e
.35

.33
.28

.70
.63
.87
.50

.85
.75
.65
.87

1 61
1.50
1.13
1.13

“1.69

1.57
1.44
1.28
1.16

2.04
V.87
9.60

2.29
2.09
1.79

1 -
onow

1.49 1.51
1.65 1.63
1,68 1.85
2,37 2,39

2.93 2.92
3.48 3.45
4.15 4.12
5.07 5.05

W 0w W

3.39 3.36
"4,.14 4.09

. 5.15
6.42 6.46

con®
n
s

.72 5.70
.45 §.29
.87 9.89
87 9.89

__an
vwown

02 '5.98
.74 6.63

.23 8.20
.72 10.85

nwoYoOWwm
cowoMm

-

.28 B8.21
.47 9.3
.04 12.07

N -
N o

.0 B.51 8.43
'8 9.86 9.67
B 1243 12133

.64 7.60 7

&

T
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Vi v2 vival

., TEST# 8 QACT= 782

.579 .456 .59

.588 .486 .60

.608 .537 .62

.660 .614 .67

.724 .689 .74

TESTS 9 QACT= 822

.585 196 .59

.585 .438 .59

.585 .451 .59

. .586 .473 .60,

.59 .487 .60

. © 0 .623 .685 .63
L7010 .658 L7

TEST#10 QACY= ,924

.64 .210 .65

\ L6471 L4096 .65
641 .503 .65

. .642 .5625% .65
. .669 .560 .68
.691 .623 .70

.77% L1735 .79

, 7551135 QACT= 984

. 57 .240 .66
‘ 7657 .544 .67
. 709 .638 72

L7758 .729 .79

.865 .834 .88

TEST#12 QACT= .994

670 .27 .68

.672 .559 .68

..704 .620 .72

L7157 .713 .77

.834  .797 .85

TEST#13 QACT=1,027

.667 .281 .68

.677 .519 .69

%> .679  .551 _ .69

. 698 . 604 A

L7187 . 691 .17

. Bad . 795 .B5
TEST#14 QACT=1.062

.697 .23 N

, .697 .563 R

.697 .573 2

.697 .590 .7

. .700  .60% L7
.713 .637 .72

.736 .67 .15

760 .707 .71

.805  .770 .82

> TESTA1S QACT=1,149

. .746  .637 _ .76
v 811 .747 .82
.928 .884 .94

- 1,022  ,983 1.04

L4

»

(Table & cont‘d)

v2/vi

CFS
.79
.83
.88
.83
.95

CFS
.34
.75
.17
.81
.82
.89
.94

CFS
.33
.77
.78
.82
.84
.90
.95

CFs5
.37
.83
.90
.94
.96

CFS
.40
.83
.88
.84
.96

CFS
.42
.77
.81
.67
.91
.95

CPS W
.33
.BY
.82
.85
.86
.89
.91
.93
.86

CFS
.as
.92
.95
.96

B

PT

3.13
3.67
5.04
6.49

3{32
3.7%
3.92
5.84

3.69
4,14
5.0
7.34

3.83
5.25
7.7

4,14
4.92
6.87
8.67

4.09
4,72
6.25
8.54

4.28
4,38
4.56
4,74
5.19
5.88
6.67
8.1

5.29
7.37
10.59

52

MY Pu P2

FREE FLOW |
4.59 2.08° 1425
4,37 3.20 3.8%
3.85 4.78 11.57
3.440 6.34 14.57

FREE FLOW

FREE FLOW

FREE FLOW
.00 1.75
§.03 2.03
4.69 .50
3.97 5.60

.87
.28
46
.29

-
W~

FREE FLOW

FREE FLOW

FREE FLOW
$.82 2,27 B.46
§.55 2.84 9.63
§.26 4.851 11,92
4.80 7.12 16.5%9

3

FREE FLOW
6.43 2.56 9.09
5.81 4,69 12.50
5,13 6.8%5 16,32

SIGMA »> (.96

FREE FLOW
6.40 2.75 9.59

6.04 4.16 1).80.

5.36 6.59 15.61
4.81 B8.49 19,50

FREE FLOW

FREE FLOW
6.76 2.30 9.32
6.92 3.72 .20
5.85 5.69 14.66
5.12 8.20 19.40

FREE FLOW
7.05 2.44 9,73
7.03 2.74 10.08
7.0y 3.27 10.569
6.95 3.72 11.24
6.77 4.5B 12.46
6.45 6.36 13.82
6.14 6.27 15.3%
5.69 7.96 18.20

7.61 3.9 12.46
6.77 6.77 17.13
5.78 10.27 23.99

SIGMA >> D.96

+3.03

M2 XDEVM UM

2.54 L2 9.8

2,32
2.05
1.83 ~.

2.87 1.,
2.80
2.49
2.12 \ .,

3.28
3.08 -1,
2.80
2,40 -,

3.59 1
3.10 1.
2,74

3.57 1.
3.25

3.85
3.5 1.
3.13
2.74 -1,

4.03
3.97
3.87
3.79
3.62
3.45
3.28

N R R R R -

4.20
3.63 .
3.08 -9,

PRERDUOD ~

[=JF - ]

—~bauva

O O

0.
12,
15,

"
12.
14,
18.

12.
15,
19

13.
15.
18.
21

13.
14,
17,
21

16.
20.
26.

.87

23

‘i,

41

.78

LX]
78
96

983

s

29
1"
82

.97

26
96

.87

a7
.16
.84
.4
.54
.69
.08
.76

oM

9.79
11.18
13.62
16.41

9.74
10.08
11.94
15.41

11.74
2.7
14.72
18.98

12.68
15,60
19.08

13.16
15, 0%
8,46
22.06

13.17

14,75,

17.79
22.14

13.76
14.05
14.66
154 02
12?07
17.27
18.63
21.23

82116.66

91
64

20.76
27.08



e

Ay

A

(Table 4 cont’d)

$.04 -.3
4.50 4
3.99 1.1
3.62 -.3
4,93 1.7
a.70 .9
4.8 1.6
3.84 .4

7
ya ».
Vi vz Yi/er va/ivv o er wt PW P2
TEST#16 QACT=1.256 CFS
.762 .257 .11 .34 FREE FLOW
,776  .629 .79 .8t 5,33 8.76 3.05 12.15
11811 L7158 .82 .88 6.55 B8.28B 5.45 15.70
.87} .814 .89 .93 B.B6 7.45 B8.31 20.34
.945 .90 .96 .95 11,00 6.7B 10,67 24.92
1.040 1.008 1.06 .97 SIGMA.>> 0.96
TEST#Y? QACT=1.261 CFS
.767 .602 .78 ~-.78 FREE FLOW
.774 .653 .79 .84 S5.61 B8.82 3.9) 13,09
.796  .688  .B} .86 6.13 B8.53 4.73 14,53
.846 .78} .B6 .92 8.07 7.79 7.42 18.73
806  .855 .82 .84 9.84 7.17 9.38 22.44
TEST#18 QACT=1.350 CFS
.804 .243 .82 )30 FREE FLOW
.804 , .627 .82 .18 FREE FLOW
.812 .660 .83 .81 §.86 9.63 3.38 13,37
.815 .688 .83 .84 6.22 9.56 4.32 14.53
.851 ..749 .86 .88 .20 9.08 5.80 17.22
TEST#19 QACT=1.404 CFS
.828 .244 .84 .29 FREE FLOW
.828 .596 .84 .72 FREE FLOW
.828 .667 .84 .81 6.02 10.'9 3.30 13.66
.834 .684 .85 .82 6.25 10.10 3.77 34.36
.858 .733 .87 .85 7.00 9.76 5.09 16.50
.906 .814 .92 ;90 B8.55 ©.12 7,37 20.34
.983 L9290 1.00 .95 11.60 8.17 11.04 26.50
1,084 1.037. .10 .96 14.51 7.37 14,09 33.0!
TEST#20 QACT=1.448 CFS ‘
.852 .627, .87 .74 °  FREE FLOW
.853 .682 .87 .80 FREE FLOW
.858 L7185 .87 .83 6.77 t10.40 4.39 15,70
.872 .762 .89 .87 7.48 10.18 5.94 17,83
.893 .804 .91 .80 8.35 9.84 7.25 19.85
.923 .850 .94 .92 9.52 ©.39 8.64 22.18
. 961 .907 .98 .94 11,05 8,90 10,50 25.26
1,010 .967 1.03 .96 12.67 8.41 12.36 28.7!}
\ .
TEST#21> QACT=1,485 CFS o
.857 . 681 .87 .79 FREE FLOW
.874 .73% .89 B4 7.11 10,717 4.BO 16.59
814 .414 .93 .89 8.48 10,15 7.16 20.34
. 968 .880 .98 .92 10.42 9.40 9.37 24,32
1041 .984 1.06 .95 12,98 8.62 12.3) 29.73
TEST#22 QACT=1.664 CFS
.918 .27 .83 .30 FREE FLOW
.918 .742 .83 .8V 7.42 12.76 4.07 16.90
.973 .869 .89 .89 9.70 11.89 8.15 23.18
1.066 .989 1.08 .93 12.93 10.63 11.74 30.03
1,153 1,113 1,17 .97 SIGMA >> 0.96
1.243 1,203 1.26 .97 . SIGMA >> 0,96

M2  XDEVM UM

17.14
20,27
24.61
28.46

18.33
19.40
23.27
26,39

18.86
20.09
22.18

19.5)
20.12
21,86
25.04
30.81
35.96

A
2).56
23.6!
25.45
27.5%
30.46
33.44

22.63
25.79
29.19
33.92

24,26
29.74
35.31

D™

17.19
20.19
24.33

28.54

18,02
19,23
22 .91
26.28

18.93
19.89
22.18

19.60
20.17
21,885
25.29
30.87
36.94

21,62
23.43
25.18
27.25%
30.02
33.19

22.65
25.87
29.40
34.35

24.40
28.69
35.79
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{(Table 4 cont’'d) \ .
[
. v ¥v2  Y1/B1 v2/v1 BT WT  PW p2 M2  %XDEVM UM oM
' TEST#23 QACT=1.730 CFS
044 ,746 .96 .79 FREE FLOW  _ .
J956 .784 .97 .82 £.20 13.18 4.83-18.87 7.69 -1.3 26.22 26.56
886 .843 1.00 .85 ©.27 12.72 6.59 21.82 7.20 -1.5 28.58 29.02
1.017  .805 1.03 .89 10.47 12.27 8.65 25.14 6.75 -1.6 31.39 31.90
1.0786  .999 1.10 .93 13,18, 11.36 11.82 30.64 6.16 -.9 36.46 36.80
1.132 1,073 1,15 .95 15,41 10.73 14,63 35.35 5.76 ~-.8 40.77 41.10
YEST#24 QACT=).B77 CFS
908  .282 1.0V .29 . FREE FLOW .
. 988 .747 1.01 .95 FREE FLOW
-ep8°  .788 1.00 - .60 FREE FLOW
1.003 .826 1.02 .B2 9,08 14.70 5.42 20.95 6.60 -1.2 29.20 29.55
. 1,025 .879 1.04 .86 10.06 14.34 7.19 23.72 8.13 ~-.8 31.53 31.85
1.060 .931 1.08 .88 11,15 13.82 B.73 26.61 7.71 -1.8 33.70 34.32
. 1.146 1.082 V.16 .93 14.8B 12.54 13,35 34.63 6.82 -1,7 40,77 41.45
TEST#25 QACT=1.805 CFS
895  .777 1.01 .78 FREE FLOW
.996 .802 1.0' .BY B.67 15.27 4.60 19.75 9.09 ~1.1 28.53 28.B4
1.004 .844 1.02 .84 9.37 15,12 6.16 21.87 8.70 .3 30.66 30.57
1.020 .867 1.04 .85 9.83 14,86 6.77 23.08 B.48 ~-.3 31,46 31,56
1.034 .907 1,05 .88 10.50 14.62 B,27 25.26 B8.15 .2 33.48 33,41
1.065 .947 1.08 .B9 11.47 14,15 9.36 27.53 7.82 -1.1 34.98 35.36
1.100 1.002 1.12 .91 13.10 13.85 11.32 30.82 7.42 ~-.7 37.97 38.25
M ®
-~
/
T - -
. S
' b
) - t
EEI*'I



(Table 4 cont‘d)

vi/B1  ¥2/v1 K¢
TEST# | QACT= ,189
.24 .80 .82
.24 .85 .85
.25 .90 .80
.28 .93 .91
TEST# 2 QACT= .306
.33 .83 .82
.34 .89 .87
.37 .93 .90
.41 .86 .92
TESTS 3 QACT= .348
.35 .82 .81
.37 .80 .87
.42 .93 .89
.46 .96 .92
TEST# 4 QACT= .541
.46 .80 .77
.47 .86 .82
.57 .95 .90
.57 .85 .90
TEST# 5 QACT= .561
.47 .80, .77
.48 .85 .81
. .51 .89 .88
.. .55 .93 .89
. .60 .95 .90
TEST# 6 QACT= .673
.54 .84 .79
.56 .89 .84
‘.63 .94 .89
TEST# 7 QACT= .713
.55 .82 3
.87 .88 .83
.64 .94 .88
TEST# B QACT: .782
.80 .83 .77
.62 .88 .82
.67 .83 .87
.74 .85 .80
TEST® 8 QACT= 822
.60 .8} .75
.60 .82 .77
.83 .89 .83
ey .94 .88
TEST#10 QACT= .924
.65 .82 .15
.68 .84 .76
.70 © .80 .83
.79 .95 NT
TEST#11/ QACTs .B84
.67 - .83 .76
.72 ~,80 .83
.79 94 .a8
TEST#12. QACT= .894
.68 .83 .76
172 .88 .60
.77 .94 .88
.85 .98 .90
TEST#13 QACT=1.027
.68 .81 .74
.7 .87 .79
.77 .91 .84
.85 .95 .a8

CFS
.54
.72

~93

CFS
.62
.85

.97

CFS
.59
.85
2
.87

CFS
.49
.70
.94
.84

CFS
.50
.69

55

.82
.82

.80

.83

.90
.93

.83
.86
.90
.93

.84
.85
.82
.92

.ba

-.8%

.82°

.80
.83

CF5
.63

.90,

CFS °
.56
.78
.90

CFS
.58
.16
.88
.93

CFS
.50

79
.80

CFS
.53
.59
92

CFS

CFS

CFS

.90

.87
.9
.92

.86
.87
.92

.85
.87
.91

.86

.91
.93

.86

.87
.92

.86
.87
.89
.93

.87
.89
.92

.87
.88
.92
.83

.87
.88
.80
.83

ac %ERQ
.19 30
N9 -2,
.18 -4.6
9 2.7
.30 -.8
.30 -2.9
.28 -3.8
.30 -1.9
.34 -1,
.34 -3.%
.36 3.5
.36 3.6
.54 -.9
.51 -6.0
.54 .5
.54 .5
.55 -1,3
.54 -4,
.85 =-1.8
.55 ~1.4
.59 6.1
S ,
.66 -2.1
.65 -3.2
.68 1.0
.70 -2.4
.68  -5,2
.69 -3.4
.78 -.5
.77 -6
.77 -5
.8Y 4.0
.80 -2.9
.79 -3.4
.79 -3.8
.82 -1
.82 =1.0
.96 3.6
.91 -1.4
.83 .5
.84 -4.8
.96 -2.9
96 -2.)
97 -2.4
.98 -1.2
.92 -7.4
t.o1 1.9
1.0 -1.6
.99 -3.7
1.03 .0

.-
S
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{ Table l.“bqnt'd) .
vi/er  varvh K, c r QC  %ERQ
TEST#14 QACT=1.062 CFS . .
N .81 .13 .48 .87 1.06 -2
.71 .82 .74 .53 .87 1.0 -1.8
L7 .85 .77 .62 .87 1.0 -4,7
&2 .86 .79 .88 .88 1.00 -6.3
.72 .88 .82 .77 .88 .98 -7.7
.75 .91 .84 .82, .90 .98 -7.4
.77 .93 . .B6 .87 .91 .97 -8.4
.82 .96 .90 .94 .93 .95 -10.7
TEST#15 QACT=1.149 CFS
.76 .85 17 .84 .88 1.2 =-2.4
.82 .92 .85 .83 .91 1.12 -2.4
.94 .95 .B9 .91 .93 1.24 7.7
TEST#186 QACT=1.2%6 C(FS
.79 .81 .12 .48 .88 1.26 .6
.82 .88 .79 V22 .89 1.24 -1.2
.89 .93 .B6 .88 .92 1,20 -4.2
6 .95 .89 .91 .93 1,27 1.2
TESTHY7? QACT=1,261 C(FS
.79 .84 .78 .60 .88  1.21 -a.2
.81 .86 .77 .66 .89 1,23 -2.3
.86 .92 .85 .83 .91 .19 -5.2
.92 .94 .87 .89 .83 1.24 -1.8
TEST#18 QACT=Y,.350 CFS
.83 .81 2 .48 .88  1.36 .8
. .83 .84 .75 .59 .89  1.32 -2.%
.86 .B8 .78 .70 .89 1.35 -1
TEST#19 QACT=1.404 CFS
.84 .81 .70 .46 .88 "1.42 1.0
.85 .82 .72 .51 .89 1.41 .5
.87 .85 .78 .62 .89 1.42 .9
- .92 .90 .80 .75 .90 1.45 3.0
S v.,00 .95 .87 .88 .93 1.42 .8
‘ 1.10 .96 .89 .91 .83 1.58 13.3
TEST#20 QACT=1.448 CFS
.87 .83 .73 .55 .89  1.46 .6
.89> .87 .17 .88 89 1.42 -2.0
.9 .90 .80 L76 | .90 1.40 -3.%
.94 .92 .83 .82 . 1.39 -3.7
.98 .94 .87 .88 &3 1.37 -s5.5
1.03 .96 .B9 .92 . 1.40 -3.4
TEST#21 QACT=1.4B5 CFS
.89 .84 .73 .57 .89 1.49 .2
.93 .89 .79 .73 .80 1.50 .8
.98 - .92 .83 .B1 82 1.52 2.4
1.06 .95 .87 .B8 .93 1.56 5.2
TEST#22 QACT=1.864 CFS
.93 .81 .69 13 .89  1.68 1.3
.99 .89 .78 .72 .81  1.66 ~-.5
1.08 .93 .83 .82 .92 1.74 4.7
TEST#23 QACT=1.730 CFS
.97 .a2 .70 .48 .80 1.78 3.0
1.00 .85 .73 .80 .90 1.80 3.9
" 1.03 .89 .27 .70 .91 1.8 4.4
1.10 .a3 .83 .81 .82 “ .78 3
1.15 .95 .87 .a8 .83 1,79 3.3
TE5T#24 QACT=1.877 CFS
1.02 .a2 .69 .49 .80 1.93 2.8
1.04 .86 .73 .60 .8)  1.82 2.0
1.08 .88 .75 .66 .8t 1.87 4.8
1.16 .93 .82 .80 .83 1.88 5.7
TEST#25 QACT=1.805 CFS
1.0 .81 .67 .43 .80 1.95 2.4
1.02 .84 LT .55 .80 1,83 -.8
1.04 .85 .72 .57 81 t.92 .17
1.05 .88 .75 .66 .91 1.89 ~.6
1.08 .89 .76 .69 91 1.96 2.9
1.12 .91 .80 .76 .82 1.8 2.2
i__



{ Table 4 cont’d)

V781 v2s¥1

X AX
1esTet  QACT= .189 CFS
.24 . 80 -.221 -1.15
.24 .85 ~-,21B m1.12
.25 .90 -.226 -1.17
.29 .93 -.276 -1.43
TEST# 2 QACT= .306 CFS
.33 .83 -.302 -1.57
.34 .89 ~.311 -1.6)
.37 .93 -.360 -1.87
.41 .86 -.815 -2._16
TEST# 3 QACT= .348 CFS
.35 .82 ~.328 ~1.70
.37 .90 -.341 -1.77
.42 93 -.407 -2.12
.46 .96 =-.473 -2.46
TEST# 4 QACT= .54) CFS
46 .80 - 45\ -2.34
47 .86 -.43b -2.21
.57 .95 - §77 -3.00
.87 .95 -.577 -3.00
TEST# & QACT= .5B1 CFS
.47 .80 ~-.a61 -2.40
.48 .85 -.453 -2.36
.51 .89 -.a75 -2.47
.85 .93 -.547 -2.84
.60 .95 -.E08 -3.16
TEST# 6 QACT= .673 CFS
.64 .84 -.521 -2.71
.56 .89 -.529 -2.75
.63 .94 -_.632 -3.29
TEST# 7 QACT= 713 CFS
.55 .82 -.541 -2.8%
.87 .88 ~.537 -2.79
.64 .94, -.635 -3.30
TESTS 8 WUACT= _782 CFS
60 .83 -.586 -3.05
.62 .88 ~-.588 -3.05
.67 93 -.667 -3.47
.74 .95 ~-.747 -3.88
TESTS 9 QACT= 822 CFS
.60 .8' -.598 -3.11
.60 .82 ~-.595 -3,09
.63 .88 ~-.602 -3.13
A .94' -.716 -3.72
TEST#10 QACT= .924 CES
.65 .82 ~-.659 -3.42
.68 .B4 - _GBD -3:53
.70 .90 ~-.684 -3.5%
.79 .95 =-.800 -3.1%
TEST#11. QACT= .884 CFS
.87 .83 -.671 -3.49
.72 .80 ~-.703 -3.65
.79 .94 ~-.796 -4.14
TEST#12 QACT= .994 CFS
.68 .B3 ~.687 -3.57
.72 .88 ~-.696 -3.62
.77 .94 -.777 -4,04
.85 .96 .-.865 -4.4y
TEST#13 QACT=1.027 CFS
.69 .81 -.709 -3 68
.71 .87 -.698 -3.62
.77 .91 ~-.763--3.97
.85 .95 -.869 -4.51

.049
.052
.062
. 080

.093
L1113
. 1682
. 202

108
135
192
.262

177
. 197
=382
.382

57

v

’

.029
.042
.060
.089

.065
. 107
. 149
.201

.070
.128
.187
. 261

.100
. 1587
.375
.375

EM

S0
. 125
. 149
. 206

217
. 275
. 347
. 445

.245
.327
. 440
.576

. 400
.468
. 855
.855

_‘ta' .106  .420

. 209
. 249
.338
. 422

. 257
.303
. 448

. 260
. 307
.452

.306
.389
.492
.634

.295
.308
.382
.570

.361
.404
.489
.17

. 384
.512
. 700

.404
.A480
YA
.847

.399
461
T.610
.834

.163
230
..327
.413

. 184
.275
.433

.67
2N
.434

.204
.313
.468
.620

YA
. 1899
.342
.547

.222
L2717
.44
.696

. 251
.459
.670

.269
.406
.64s
.830

. 234
.364
.567
.802

.495
.602
.774
.948

.602
.132
1.023

.599
741
1.030

.708
.86S
1.13
1.424

671
712
.824
1.299

.827
A41
1.164
V.621

.888
1.2
1.594

.9237
1,183
1.525
1.806

L9
1.094-
1.432
1.896

)

*V-W

.033
.030
.028
.026

. 058
.055
. 046
.042

. 069
.064
.061
.053

123
.114
099
. 099

.128

-,123

.123
. 108
L1112

. 160
. 154
.14

172
. 164

. 144

199
. 194
T
170

. 205
.204
. 189
.181

bas
. 259
.234
. 207

. 253
.250

.224

.264
.267
.210
.228

.277
.270
. 266
.260

Q2

.038
.034
.033
.038

.092
.088
.Q87
.080

17

113

. 130
.130

.2B7 .

. 259

. 296
.296

. 307

. 289

.304

.306
354

.434

.424

.462

.484

. 457

.475

. 605
.592

.593
.662

.636
.630

.624
.675

.838

.916

.83
.862

.882
.913
.928

.941
.964
.848
1.027

1.022

.979
1.054
1,172

QT ’ RQY
.185 3.0
L1BS =2.1
.180 -4.6
L1194 2.7
.303 -.8
.297 -2.9
.294 -3.8
.300 -1.9
M3 -1.6
.336 -3.5
.360 3.5
L3601 3.6
,636 -.9
.509 -6 O
.544 .5
.544 5
554 -1.3
.538 -4.1
.55 -1.8
.653 -1.4
.585 6.1
.659 -2.1
.651 -3.2
680 1.0
.696 -2.4
.676 -5.2
.689 -3,4
.718 -.5
.769 -1.6
770 ~1 5
.813 4.0
798 -2.9
.794 -3.4
.780 -3.9
827 -1,
.915 -1, 0
.957 3.6
911 -1.4
.928 5
.939 -4.6
.955 -2.9
.963 -2.1%
.970 -2.4
.982 -1.2
.921 -7.4
1.013 1.9
1.01y -1 .6
.989 -3.7
1,026 .0
1.083 5.4

oe

-
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(Table & cont’d)
Y1/B1 Y2/v1 X XX

TEST#14 QACT=1.062 (FS
A .81 &.735 ~3.82
.7y . .82 <=.724 -3.76
.7y, .85 =~-.708 -3.68
71 .86 -.700 -3 64
72 89 -.704 -3.66
.76 . .91 -.739 -3.84
.77 .93 -.775 -4.03

.82 .96 -,B35 -4.234

TEST#15 QACT=1.148 CFS

.76 .85 -.762 -3.96
.82 .92 -.B27 -4.30
.94, .95 ~.963 -5.00
TEST#16 QACT=1.256 CFS
.79 .81 -.835 -4.34
.82 .88 -.B20 -4.26

.88 .%.93 -.898 -4.67
.96 .85 =-.88) -5.10

TEST#17 QACT=1.261 CFS
.79 .84 -.8B03 -4.17
.81 .86 -.815 -4.23
.86 .92 -.B67 -4.50
~82 .84 -,938 -4.87

TEST#18 QACT=1.350 CFS
.83 .81 -.880 -4.57
.B3° .84 -.B55 -4.44
.86 .88 - 869 -4.52

TEST#19 QACT=1.404 CFS

.84 .81 -.912 -4.74
, .85 .82 ~-.902 -4.69
¢ .87 .85 -.900 -4.68

.92 .90 -.931 -4.84

1.00 .95 -1.022 -5.31

1,10 .96 -1.127 -5.86
Al

TEST#20 QACT=1,448 CFS
.87 .83 ~-.920 -4.78
.89 .87 ~.900 -4.68
.91 .90 -.915 -4.76
.94 .92 -.953 -4.95
.98 .94 ~-.998 -5.18

1.03 .96 -1.050 -5.45
TEST#21 QACT=1 4B5 CFS
.89 .84 -,934 -4.85
.83 .89 -.939 -4.88

.98 .92 -1.005 -5.22

1.06 .95 -1.,085 -5.64
TEST#22 QACT=1.664 CFS
.93 .81 -1,035 -5.38

.99 .89 -1,012 -5,26

1.08 .93 -1.117 -5 81
TEST#23 QACT=1.730 CFS
.97 .82 »7.072 -5.57
V.00 .8% -1.067 -5.54
1.03 .89 -1.066 -5.54

1,10 .93 -1,132 -5.88
1.15 .95 -1.183 -6.15

TEST#24 QACT=1.B77 C(CFS
1.02 .82 -1,135% -5.90
1.04 .86 =1.116 -5.80
1.08 .88 -1.134 -5.89
1.16 .93 -1.211 -6.29

TEST#25 QACT=1.906 CFS
1.0t .B1 -1.156 -6.01
1.02 .84 -1.110 -5.77
1.04 _ .B5 -1.120 -5.82
1.05 .88 1,103 -5,73

1.08 .89 -1.129 -5.87

1.12 .81 -1.165 -6.05

1

1

1

u

.418
.428
, 446
.463
507
.57%
.651
.792

.817
.9
.034

.521
. 640
.865
.074

.547
.599
.788

.961

.572
. 608
.703

.588
.61
. 685
.835
. 133
.47

.661
73
.B16
.930

1.079

1

. 231,

. 695
.B28

1.018

N

1

'
1
1

1
1

. 268

.724
.947
.263

.801
.905
.022
. 287
.505

.886
.983
.0B9
.453

.846
.915
.960
.034
.120
.279

1

1

1

t

!

1

58

v

. 238
. 268
.320
.363
.448
.524
.613
.179

.383
.662
P04

.298
.532
.813
.044

.382
.462
.725
.918

.330
.422
.577

.322
.368
L4987
721
.079
.78

.429
.581
.709
.B45
.027
.208

.469
.700
.916
.204

.398
.197
. 148

.472
.644
.846
. 166
.430

.529
.703
.854
.306

. 450
.603
.662
.809
.916
107

—— -t - - -

N o~ = —

WR s = e e

NN -

W N

WRNNNA -

N - —

WA NN -

w s Usv-w
.9%1  ~,294
.985 ~-,289
.044 -~ .278
.098 -~.272
217 -,262
.35y -.252°
.500. -.235
.779 -.208
L217 -.318
.674 -~.292
.344 -~ .306
.187 ~-.368
.534 -.362
.98 -.310
a5 -.317
.279 ~-.350
.420 -.359
.830 -.317?
L1983+ -, 314
.307 -.405
.420 -.390
.683 -.403
.335 =-,424
,404 =-.425
.612 -.429
,088 -.432
.589 - 377
,226 =~ 432
.534 - .443
.742 -.430
.939 -.414
.168 - 393
.468 -.361
.805 -.35%8
.62' - 456
.988 -.459
376 -.442
.905 -.433
.652 -.529
.26% ~-,521
.934 -.523
.844 -.S571
132 -.582
.457 -.589
.994 - .54
.454 ~.519
.047 -.63
.318 - 632
.600 -.657
.384 -.625
.830 -.634
.137 -.619
.255 -.633
.468 ~.62%
.6890 -.655
.012 -.626

Q2

1.123
1.087
1.024
.991
. 960
.966
.847
.900

1,258
1.257
1.5

1.597
1.541
1.447
1.617

1.460
+.519
1.428
1.533

1.851
*1,734
182

2,01
1.991
2.009
2,089
2 003
2,530

2.2
2.013
1,969
1.946
%3874
417958

2. 215
2.241
2.3
2,439

2.844
2 743
3 037

3.178
3.228
3.262
3.8
3.19}

3. 721
3.668
3.873
3.933

3.806
3.572
3 681
3.583
3.839
3.790

QT RQT
1.0860 -~.2
1.043 -1.8
1.012 -4.7

.8995 -6.3
.980 -7.7
.983 -7.4
.973 -8.4
.549-10.7
1,121 -2.4
1,121 -2.4
1,238 7.7
1.264 -6
1.241 -1, 2
1.203 -4,2
v.272 V.2
1.208 ~4.2
1.232 -2.3
1.185 -5.2
1.238 -1.8
1.361 .8
1.317 -2.5
1,349 -1
1.418 1.0
1.411 .5
1.417 .9
1.445% 3.0
1.415% 8
1.590 13.3
1.456 )
1.419 -2.0
1.403 -3.1
1.395 -3.7
1.369 -5.5
1.399 -3.4
1.488 .2
1.497 .8
1.520 2.4
1.562 5.2

*

1.686 1.3
1.656 -~.%
1.743 4.7
1,783 3.0
1.797 3.9
1.806 4.4
V.783 3
1.786 3.3
1.929 2.8
V.93 2.0
1.968 4.8
1.983 5.7
1.9%1 2.4
1.880 -.8
1.918 .7
1,883 -.6
1.959 2.9
1.947 2.2
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TABLE 5§

el

© PROGRAM QCOMP(INPUT,OQUTPUT,TAPE16,TAPE1T)

INTEGER TN(15),J0(15)

DIMENSION QA(15),QC(15,10),YB(15,10),S1G{15,10),
® H(15),AK(15,10),C(15,10),P(15,10),Vv1(15,10),
® G(15,10),ERQ(15,10),Y2(15,10),BET(15,10)

DO 10 1I=1,15 . -
READ(16,%) TN(I),H(1)
CONTINUE .
DO 20 I=1,18
READ(17,%) JD(1) ) '
00 20 J=1,30(1}).
READ(17,%) v1(1,J).v2(1,4)
CONTINUE .
00 t5 I=1,15
QA(1)%1,4258%((0.0038+(H(1)712,))*%2.5)
CONTINUE . . .
DO 17 121,68 - . R °
00 17 J=1,JD(1)
VB(1,3)=Y1(1,4)/0.738
CONTINUE
D0 18 127,15
DO 18 J=1,J0(1) 2
i vB(1,J)=v1(1,4)/0.492 :
CONTINUE «
DO 19 I=1,18 g
DO 19 J=1,90(1) .
SIG(I,J)=Y2(1,0)/Y1{1,J)
CONTINUE ¥
DO 30 121,15 . .
7 DO 40 J=1,J0(1)
1F (S1G(1,J).GT.0.89) GO TO 1!
IF ({SIG{1,J).LT.0.8).0R.(SIG(1,4).6T.0.960)) GO TO 40
AM1=0,644¢51G(1,4)~.709 ’ . K
GO TO 2
AMi=+ 1 2851G(1,0)-1.203
BM=0.55%51G(1,4)+0.420
AK(I,J)ISAMISYB(I J)+BM .
1fF {(S1G(1;4).GT.0.88) GO TO 3 .
CM=~0.811951G(1,J)+0.344
CAx3.889°S1G(1,J)-2.551
GO TO 4 .
CM=21.714°S1G(1,.J)-1.726
CA=1.429¢S1G({1,J)-0.361
C(1,J)sCMeVB(1,J)*CA
PF=0.112%VB(1,J)+0.79 -
1F (51G(1,J).G7.0.96) GO TO &
1f (S1G(Y,J).GT.0.89) GO T0 § .
AA==0.306%516(1,0)+0.357 :
GO 10 7 )
AA=-1,214%5IG(]1,J)+1.166 '
GO 10 7 .
AA%0.0 .
1F (S16{(1,J).GT.0.89) GO To 8 :
88=0,353¢S1G(1,J)+0.506
%
2



- . o b b o

40
3o

52
51

54
53

80
70
80
149
150

151

200

GO T0 9

B8=1,636¢SI1G(I,J)~0.636

PP=AA®YB(1,J)+88 '

IF (PP,LT.PF) GO TO t1 °

P(1,J)=pPP"’ .
GO TO 12
P(1,J4)=PF

BET(1,4)=0,194951G(1,J)+0.864
=0.62¢(YB(1,J)**3.)/(6.%(BET({I ,J)*.52°P(I,J)~S1G(1,J)))
CP=0.48%C(1,J) ) U
BI={CP~3.)%P(1,J)%(S1G(1,J)**3.) :
82=CP* ((P(1,J)*51G(1,u))v2,)
B3=(1,56%AK(1 ,J)+CP)*SIG(1,J)%P(1,J)**3.0
B8=B1+82+83
G(1,J)=A%8
CONTINUE

CONTINUE »

PO 51 1=1,6 ,

DO 52 J=1,J0(1)
QCI,4)=(G(1,J)%32.2%0.738%*5,)%*0.5
ERQ(I,J)=(QC(I,J)-QA(1)}*100.0/QA(I)

CONTINUE @ ,

CONTINUE
DO 53 1=7,15

DO 54 J=1},4D(1)
QC(1,J)=(G(1,J)*32,240,40828¢5,)220.§
ERQ(I,J)={QCII,1)-0A(1)1*1D0.0/QA(1) .

CONTINUE

CONTINUE
PRINT 200
DO 70 11,15

PRINT BO, TN(I1),0QA(I1)

DO 80 J=1,JD(1)
1F (S1G(1,4).LT,.0.8) THEN
- " PRINT 149 ,Y1(1%) ,v2(1,J),vB(1,4),S1G(L,J)
ELSEIF (S1G(1,J).G7.0.960) THEN

PRINT 151,v1(1,J),v2(1,J),vB(1,4),51G(1.,.)
ELSE . .

PRINT 150,v1(1,J4),¥2(1,0),Y8(1,J),516(%,4), -
ENDIF AK(1,J).C{1,0).P(1,J).,QC(1,J),ERQ(1,J)
NDI - .

CONTINUE ¢ - -
CONTINUE . -
FORMAT(/10X, 'TEST#‘,14,° OACT= *,F6.3,° CFS")
FORMAT(2X,2F8.3,F7.2 ,FB.2,10K, "FREE FLOW')
FORMAT(2X,2F8.3,F7,2,4F8,2,FB.3,F7.1)
FORMAT(2X ,2F8.3,F7.2,F8.2,10X,.*SIGMA >> 0.96°)
FORMAT(//7X, "Y1’ ,BX, '¥2’,4X,'V1/B1’,4X, "SIG",

6X,°'K* ,7X,"'C*,7X, R ,5X, ‘OQCOM’ ,3X, *%ERQ*)

STQP
END ¢

“

.



(Table 5 cont’d)

~
o " " ““ ®
vl v2  viszer  sIG K, c @} QCOM  %ERQ )
TEST# 26 QACT= .338 C(FS , o
401 .3n .54 .78 FREE FLOW
.402 .322 .54 .80 .76 .48 .85 .338 A ' .
. .404 .342. .55 .BS .BO .65 .86 .324 -4,
.412 .368 .56 ,89 .84 .81 .87 .312  =7.7 —_
.427 .39 .58 .92 .86 .86 .89 .31 -8.0 N
.455 .433 .62 .95 .91 ° .94 .93 .294 -12.8 .
. .497 .485 .67 .98 SIGMA >> 0.98 .
-
TEST# 27 QACT= .504 CFS$ ' -
.5086 1} .69 .76 FREE FLOW ’ .
.508 .415 .69 .82 .74 .52 , .87 .487 3.3 '
.515 . 448 .70 .87 .79 .70 1 .8g .466 -7.5
. .535 .487 .72 .91 .84 @2 .90 - .457 -9.a )
. .563 .528 .76 .94 .88 .994 .92 .450 -10.6
1615 .591 -, B3 .96 SIGMA >3 0.96 . {
.669 .653 .91 .98 S1GMA >3 0.96 .
TEST® 26 QACT= .656 CFS ;/
oo .593 .414 . .BO .70 FREE FLOW N
. .594 ' .4B5 .BO .82 .72 -.50 .BB .633 -3.5
' ; .600 .510 .81 .85 .76 .61] .88 .617  -5,9
1613 .53% .83~ .es8 .79 M .89 .615 -6.3
.636 .577 B6 .91 .82 .7 .90 .615 -B.3 .
.662 .617 .90 .93 .86 .86" .92 .60 ~7.7
.710 .681+ .98 .96 .90 .93 .93 .603 -B.O
.762 .74 1,03 .97 SIGMA >> 0.96 - ,
r TEST# 29 QACT= .889 CFS
.714 .§63 97 .79 © FREE FLOW .
. .718 .587 97 .82 .69 .48 . .90 .873  -1.8
“ .734 .643 9 .88 .76 .67 .90 .83%9
. 760 .683 03 - .90 "79 .73 .91 .853
‘ .788 . 724 07 ° .92 .82 .79 .92, .854
.832 .7B7 1\13 .95 .86 .87 .93
.- ® 907 .878 1,23 .97 SIGMA »>> 0.96

\ TEST# 30 QACT= 1.226 CF$ ,
.870 .683  1.18 ~ FREE FLOW —~
.874 720 1.8 .82 .66 .47 .82 ,1.223 -.2 , ,
.884 L7730 1,20 .87 .73 .62 .92 1,163 =5.1
.906 .806 " 1.23 .89 .74, .66 .83 1.187  -3.1
.949 .876 1.29 .92 .81 .77 .93 1,160 ~-5.3 .. . &
.988 .928  1.34 .94 .84 .83 .94 1,16} -5:2
1.067 1.021  1.45 .96 © .87 .88 .85 1,183 =3.5 »
1.153  1.123  1.56 .87 SIGMA >> 0.96
\ : .
TEST# 31 QACT= 1.528 CFS ¢ Co. :
.992 .763 1.34 .77 FREE FLOW o
994 .B31 1.35 .84 .65 .48 .94 1.521  -.4 D
1.004 . .843 1,36 .84 .65 .48 .94 1.54) .9 ;
1.026 .888 1.39 .87 ° .69 .56 © .95 1.540 ° - .8 .
1.062 .863 1.44 .91 .75 .69 .95 1.482 -3.0 .
. . 1,112 12018 * 1.5) .92 .77 LT .96 1.547 1.2 ~
1.206 1.143 1.63. .85 .83 .83 J97 1.464 -~a.2 -
1.286 1.248 1.74 .97 SIGMA >> 0,86 " .
. M . -
L}
’
v ’ k) ! ¥ e ’
, L . » ‘
¥ ‘ "o . B
) [ » ‘
. -
\ - v .
. L A e
——— 1 4 i~ .
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I3 ™ . (Table 5 cont’d) - - .
. S 3 - .
\ - vi vz vi/er | siG K¢ c x QCOM  %ERG  \ | \
TESTs 32 QACT=  .053 CFS ' ‘
. 160 127 .33, .78 FREE FLOW N ’
.160 .133 .33 .83 .82 .63  -.83 .053  -.B \ .
161 136 .33 .84 .83 .68 .84  ,052 ~-1.5 N o
.165 .151 .34 " 92 .89 )-89, .a8 .047 -10.6 \
.189 177 .38 .94 .80 .93 .91 .054 1.4 AN
.238 .233 48 .98 . SIGMA >> 0.96 : )
y . . . . . \ -
p ! TEST# 33 QAST= 086 CFS
~ 216 .169 .44 .78 FREE FLOW _ o
217 174 .44 .80 .78 .50 ¥ .087 2,2 :
. ' .219 L1817 .45 .83 .80 .59 .84 ..087 1.1 ¢
' . .230 .210 .47 .91 - .87 .87  “.88 .081  -5.7
‘ .261 .251, . .53 .96 SIGMA >> 0.96 .
- .328 .320 .67 .98 SIGMA >> b.96 . .
TESTs 34 QACT2  .108 CFS Do . .
‘) .250  *.185 .51 .78 FREE FLOW T
. © .250  ..200 1 .80 .76 .49 .88 .18 .5 ‘
. . .752 * 206 . .827 .78 .55 .85 .1089- 0 ~
4 . .283 .235 *53 .88 .84 .81 . .a7 .10 -3.5 .
_/ : 1201 4 275 .59 .95 .90 .93 .92 .103  ~5.4 3
: o, .335 .324 .68 .97 . _SIGMA >> 0.98 -
.398 .389 .81 .98 SIGMA >> 0.9!6 o ‘
. . . i - . ! t " » 4 -
— . 4 TESTE 35 QACT= ~ .157 CFS / T : -
Co © L3100 . .249 .63 .80 .74 .48 .86 N85 ~1.2 ¢ .
© o .312 .256 ., .63 .82 | .76 .54 .86 .158  -2.0
' .318 .272 .65 - .86 . .79 .66 .87 . .152 -3,y .
Iy .333 ' .300 .68 .80 .83 .80  ,.B9  .152 ~3.3 . ‘
. ; #2360  .3a1 .73 .85 .89 93 JS.ea e -7.2 .
' . .39 .378 .79 .97 SIGMA >> 0.96 . o oo -
5 ‘ ¢, .448 .442 .81 +088 | SIGMA >> 0,96 . s
L ot , b s
‘ : TEST# 36 QACT=  ,191° CFS ‘g v .
: t o .351 200 .7 .80 FREE FLOW g '
- .353 /284 < ..72 .80 - .47 .87 SN .92 . .7 N
-, - .59 .d0s . .73 .85 .63 .88 By - 1.8 .
. .375 .334 .76 .89 . .76 .89 . g0 ., -.% '
< . .401 .375 . .82 .94 “ ,87. .92 VB8 ta.2
o / VTN .a43  .426 .90 .86 SIGMA >> 0.96 | ‘
© oA ot . ot R ' Y
b v TEST# 37 QACT= .363 O . ‘
ot 512 ~403-, 1.04 .79 + FREE FLOW , ’%
. .514 414 1.04 .81 .66 .43 .91 ‘Mes . .3 -
.t . .519 .431  1.05 .8 .69 .51 .91 359 -1.3 ‘
_.531.. .460 1.08 .87 .73 .62 .91 .356  -2.1 .
cr e ».553 .500 1,12 .80 .78 .73 .92; .385 -2.4° : -
T + .598 562 122 . .94 v .BS .84 93" .30 ' -1.1
- - : . .877 657 “1.38, 97 . SIGMA >> 0.96 AN . .
- ' o TEST# 38 QACT=  .546 CFS : ‘ . e
. - 650  .518 . 1,32 .80 « FREE F{@" . "
™. . .693 , .533 . 1,33 .82 .53 .4zl 94 .554 1:3 > ' .
© 661 .560. 1.34 .85 .67 .51 .94 .540  -1.1 '
) , Co '6]8 -+ .585  1.38 .86 .68 .55 .94, 552 o :
A : D P 687 625 1.42 .90 - .73 .65 *.95 .543 ( -.6° .
¢ . . .740  ° .6B7  1.50 .83 . .80 .76 .96 .522  -3.5 ° ) i
. 7 .794 .756  1.61 .95 - .BS .85 .87 - .807 -7.3 - & ‘
A U .869  .Ba0 ,1.77 .97 SIGMA >> 0.96 ~ . /
- . - - . . . -
. © . \' " .‘A . \ . B ~ _ . .
1 0 v »
[ \ ' \ o
. * \ r A { o .
' . , [ X R 1 % . » ’
(8 B R . ) N . ! -
LI i 1 ‘ . } ‘ ' ‘
] 4 ~ - - ) Y. a
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(Tdble S cont’d)

[}

4
vi v2 vi/B1 516
% Tests 3 oact= ¥.790
.799 643  1.62 .80
.804  .650 1,63 .81
.807 668 1.64 .83
.823 686 1,67 .85
.B49 .736 1.73 .87
.870 J180 1,77 .81
918 .es53. 1,87 .93
,080. .940  2.01 .95
1.083 1.048 2,20 ° .97
TEST# 40" QACT= 1.020
.913 L7181 1.86 .80
.915 .74B 1,86 .82
.927 _  .768  1.88B .
.949 .s08  {.93 .85Y
972 .848 1,98 .87
1.004 898 2.04 .89
1.042 858 2,12 .82
1.132  1.078  2.30 .95
1.217 1,168 2.47 - .96

.

v

.55
.56

.81
.84
.72

.81

CFs
.50

s

63

.34
.35
.40
.45
.50
.64
72
.80

. 97
.97
.97
.98
.98
-.99
1,00
1.02

SIGMA >> (0.96

.29
.34
.37
.42
.47
.52
.63
.78
.81

r

1,00
1.00
1.00
1.01
1.01
1.02
1.03
1,05
1.07

.832
.836
.814
.820
.830
.769
. 738
.676

1.100
1.070

.Q786
1.080
1.088
1.093

.891°

.738
.5892

» Note thut y{/B1 is far beyond its ronge of
applicability in Eq (7).
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TABLE Sa

~ s
e S - — -

Data for determination of | , C, r=y /y’
\ t t
Test# B e ¥ ytk yz ~° _Ft _i/:PN
o RIAT- 67 LDe9 L 8R oL 0B
. L1290 LIBY O LTOT .89 .80
LIS LTI L2400 .91 4.90
s LAz LT84 .%8% .97 4.5
: - LTAB LT46 . .28% L1246
: . 248 291 L2846 .80
{ AR .T19 0 L3300 .89
412 374 .28 .92
L4%7 LAR6 .4TE .94
g 561 486 - .T98  .T74 .88
- . 475 LA09 406 . S.40
LSl .479  .448 7.43
544 .49 .Sod 10,29
‘ .59 .548 . 540 17,9
7 ™M .S44 464 447 B0 S.10
“ L5620 .48 .497 .8 .47
L8200 .588 LSB6E .92 1.7
L7120 L6700 L6B4 A .96  20:10
. ‘ B 7R G780 L4946 456 4,2
] 586 L5099 U486 .75 &6.82
. W68 U575 .527 .84 9.76
L4600 L6072 L614 . BB 14,71
L7284 675 .6B9 .ST  19.45
11 LIBA ST . 240
. 657 L5444 75
- " . 709 .6”8 .82
) LTS 729 N .91
. A .8T4 .95 .
’ 15 -1.149 ¢« 746 L6T7 11.62
. : . B11 .747 20,158
/ .92 . 8834 T1.74
. 1.022 7287 40.90
17 1.0261 LTUT L 67 Lb02 LT3 6.82
L7740 L6788 .65 .74 10.48
- L7960 L7706 .6BB .79 14.93°
U460 764  .781 .Bb6 21.24
, ‘ L9006 L824  ..BS5S .87 28.14
) o1 1.485%  .857 . .757  .&81 C 9.47
‘ . “874 . 782 735 .71 15,200
. ‘ .914  ,B822_ .814 .GO 22018
" .948  .BBB  .B90 .84 09.57
1.041 971 .984 .88 IB.62
! , )
| .
? -
i
.
' . . \
L- 2 1)
N »
’ J v

T . S93

rl

c Beta,

1.01
1.01
1.02
1.05

62

.82 .

.92 -
26 . S

.38

1.00

1.03

1.03 o

1.04

- . h?
. BO
. B8
-41
.59
.74
.84
.90




(Table Sa cont’d)
” ?
| Testd O v, et v, by 172 € Betap

v s e s s T ot o = 4 (T S P S b e S i o A e 0 i oty Ak e

“0 23 1730 .944 - .BAO0  .74b .64  11.43 .41 1.0l
956  .854° .784 .&8 14.57 .49  1.02
.986  .B90 .B4Z/ .71 20.24 .60 - 1.03

o . , © 1,017 .927  .905 .75 © 26,77 .71 1.04
- : 1,078  .992 .999 .B4 I6.39 .82 1.04
: - 1,132 1.057. 1.073 .87 ' 44:07 .B7 1.0&
. e e o m e e e 5140 518 0 e 1m0 490 2 1 o s e 25 s e o . e S 40 S S e S o e e st e e o s e e e S e o s
. : Notes: 0 in (cfsY, y' , ¥y , ¥ in (ft), and F in (1b).
. : 1- ot 2 N - ‘
! -
- 1
) / : H - -
£
~ .‘ s
J
\ \
-~ ’h " *
- 13
. ) \ g
\ T
e \
i A ]
34 “x * .
: | 7
,‘1 .
e ’
. y ) ‘ ’
s . o .b
1 ! :
' N ' N -~
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" jDEVEL'OPMENT OF DESIGN CHART
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0

30

40

100

51

-

TABLE 6
.

PROGRAM FSIG(INPUT,OUTPUT)
COMMON Al ,A2,A3,A4
EXTERNAL FF

DIMENSION VB(12),5IG(9),QF(12),AK(12,8),C(12,9),
eP(12,9),YB1(12).QC(12,9),F(12,9),551G(8),FM(9),

®BET(9) ,ERQ(12),6D0(12),65(12),GD5(12),SF(8).QFS(12)

0,GGS(12,9)

¥8(1)=0.25 .
D0 10 1=2,12 1
vB(1)=vB(1-1)+0.125

SS1G(1)=0.808

$51G(2)=0.82

D0 30 J=3,9 ’

SSIG(J)‘SSIG(J—I)'O:OZ h

D0 40 I=z1,12 . .
AQ=1,58¢(VB(1)0.984)%¢1. §
FRK=1,0-0.29°vYB(1)
AGEAQ#¢2.0/(32,290.684%%5,0)
R3=(2.1632°FRK)/((1.0+2.0°FRK)#*%3.0)
A1=0.125/YB(1)*%6.0
A2=(Q.75/vB(1)**3 0

A3z1,5-(1,0/R3)

Ad=vB(1)**3,0

ExAG . o~
D=AG*3.0 )

K=20 . .

CALL BISEC(FF,E,D,K,Z)-"

GF=Z

GD(I)=GF*10,0%¢5,0 .
QF(1)=(GF®32.290.984%%5,0)%¢0.5 |
CONTINUE

PRINT 100

FORMAT(//8X,‘S1G*,BX, *K’,6X,'C’ Tk ‘R"*,

e6X,°QC’,7X, 'F’ ,6X, 'SI1G"‘)
D0 50 1=1,12 “
vB1(1)=YB(1)

PRINT 51,v81(I)
FORMAT(/10X,°Y1/81=* F6.3)

b0 60 u=1,9

SIG(J)=SS1G(J) —
1IF(S1G(J).GT.0.89) GO TO 1 3
AM=0,6844¢S1G(J)~0.709

GO YO 2

© AME1,2981G(J)-1,203 >

BMx0.559S1G(J)+0.420
AK(T,J)=AMOYB) (] )+BM .
IF(S1G(J).GT.0.89) GO Y0 3
CM=-0.611¢S1G(J)+0.344
CA=3.8689°S1G(J)=2.551

GO TO 4 " ' .

~

. i
e 2% .®
[ AT

W\‘rv,}\‘

R

[
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( Table 6 cont’d) -

51, 3 % CME1,714%51G(J)-1.726

82 CA=1,420°516G(J)=-0.361
53 ) 4 C(1,J)=CMevB1(1)+CA ;
54 PF=D, 112¢VB1(]1)+0.79 '
55 IF(51G(J).GT.0.96) GO TO 6 . -~
56 ’ A 1F(51G(J).GT.0.88) GO TO 5 - :
57 : AAx=~ _306%S1G(J)+.357
587 GO TQ 7 - .
59 5 AA==~1_214%SIG(J)+1.166 ,
60 GO TO 7 . '
61 ) 8 AASD, . L
62 7 1F(S1G(J).GT.0.88) GO TO 8 : :
63 B8=,353*S1G(J)+.506 ‘ '
84 GO YO B -
85 8 BB=1.636*SIG(J)~-.636 .
66 9 PPEAASYBI (1) +BB
67 (_ 1F(PP.LT.PF) GO TO 1)
68 . P(1,4)=PP
. *69 ’ GO TQ 12 ]
70 . 11 . P(1,J)=PF .
7" 12 BET(J)=0. |94'S!G(J}00 864
72 A=0.52¢YB1(1)**3.0/(6.9(BET(J)*.52¢P(1,J)~51G(J)))
13 CP=0,48%C(1,J)
74 B1=(CP-3.)*P(1,J)*(SIG(J)**3.)
75 B2=CP*((8(1, J)'S!G(J))“z 0)
76 . 83s(1. 56‘AK(I J)vCP)'S!G(J)'(P(X J)"a )
77 B2B1+82+B3J
78 ST2£32,2¢(0.984%95.)
79 o, QQ=A*BeST . .
80 Qc(I1,J)=00%*0.5
81 F(I, J)'OC(I J)7Qc(1,1)
82 PRINT 200,SIG(J),AK(1,Jd).C(I, J) P(1,4),0Q6(1, NS
83 oF (1,43, SIG() . N
84 200 - FORMAT(3X,7FB.3) .
8s 60 . CONTINUE :
86 ! ERQ(1)=(QC{1,1)~-QF(1))*100.0/QF(I)
ar ‘ GS{I)=((QC(T,1)9e2,)/(32.290,984°85, ))'lo oeg,
88 AQ1=1.58%(vB1(1)4D.984)%%1.5
89 AG1=AQ1922,0/(32,290,984%95.0) \
90 . A1=0,125/Y81(1)**6.0
ot - A230.75/YB1(1)%%3.0 -
92 RI=(2.1632°AK(1,1))7((1.0+2.0%AK(1,1))*3.0)
93 ; A3%Y 5-(1,0/R3) .
94 - AAsYBI(1)%e3.0
95 E2AGY
86 D=AG1#3.0 s c
97 | R220
C 88, CALL BISEC(FF,E,D,K, z)
a9 . GFS=2
100 QFS(1)=(GFS*32.290.984%95, )¢e0.5
101 ¢ GDS(1)=GFS*10.09¢5.0 -
102 PRINT. 250,YB1(1).QF(1),QC(1, 1) QFS(1),ERQ(I),
103 Lo eGD(1), ns(x) GDS(1)
. 4 ‘ . '!”
1 f !
—— »
4
B s
- N * :




( Table 6 cont’d)

‘04 250  FORMAT(/3X,4FB.3,F7.1,3F12.1) S
108 - 50 CONTINUE
108 ' PRINT 300
. 107 300  PORMAT(/EX,'Y1/B1'.BX,'QF‘,8X,-QC" JBX. ‘QFS*,4X,
108 - ®'NERQ’ .4X, *QF2/GB15 " , 4%, 'QC2/GB 15’ . 4X, ‘QF$2/GBI5°)
109 PRINT 380
110 . 3%0 FORMAT(//V1X, SIG’,8X, FM’)
1 SF(J)=0.0
112 D0 70 Js=1,9
113 00 80 1s2,12
T SF(J)uSE(J)*F(1,Jd) )
118 80 CONTINUE
118 FM(J)uSFE(J4)/711.0
17 s PRANT 400,S16(J),FM(J)
118 400  FORMATI7X,2rB.3)
119 70 CONTINUE :
120 PRINT 450 : “
129 D0 90 x-: uz s
122 D0 90 J=
123 GGS(I, J)-GS(I)‘FM(J)
124 * 90 CONTINUE
128 00 95 I=1,12
126. PRINT 488.vB1(1),(8G5(1,J), Jn1 )
27 485  FORMAT(SX.F5.3,9F10.1)
128 9% CONTINUE
129 450  FORMAT(//BX, ‘Y1/BY',5X, 'GSB05* ,5X, 'GS82*,6X,
130 ®'GSBA°,BX, ‘GSBB’,6X, 'GSRA’ ,6X, ‘GSO0’,6X,
134 ®'GS92° ,BX, ‘G504 ,6X, ‘GS98°) R
132 . sTOP .
© 133 . END
v SUBROUTINE BISEC(FF,E,D,K.2)
2 . DO 800 I=),K
3 . ) 2=(E+D)/2.0
4 PF-H‘(E)OH(Z) .
5 xr(pr LE.O) THEN
[} Dw2
7 ELSE
8 EsZ
® END IF
10 500 CONTINUE
1" END -

FUNCTION FP(X)
COMMON A1,A2,A3,A4
FFIAI'K"Q U*AZ‘X“Z D+AIeX+A4
RETURN
L 4 END

BN~

PRI A3 s S » o
LR R . . . 5’
5 RN . A .,



( Table 6 continued)

SIG - K, © ¢
viseis 280
.808 .818 .543
.820 .826 .509
.840 ° .B40 .673
.860 .854 .748
.880 .868 .B23
.e00 .884 _.879
.920 .90 916
.940 .918 .954
.960 .935 .991
.250 L2185 .203
viseis 375
.805 .79 .524
.820 .802 .578
.840 .819 652
.860 .835 ., 125
.880 .8%1 .7989
.900 .869 .BSE
.920 .889 .898
.940 908 .833
.960 .929 .981
.375 .404 .382
£ ¥Y1/B1= 500
.805 .767 .506
.820 .781 - .850
.840 .798 .631
.860 .815 .703
.880 .833 174
.00 - .8%4 .833
.920 .877 .879
.940 .900 .925
.960 .923 871
.500 .836 .603
visaix  .626
.805 744 .487
.820 .758 .540
.840 777 .610
860 .796 .680
.880 .B15 .750
.900 .838 .810
.920 .864 .860 ~
.940 .890  .910
.960 .916 .960
,625 .809 .865
r
v1/81 QF ac

69

0

r ac

.818  .203
.822  ,200
.B28  .196
833,191
839 .185
855 178
.881 167
808 151
835 130
231 ¢-5.6

832,382
835 .376
.840  .368
.845  ,358
.850  .348
.064 .334
888  .314
911 .287
.835- . 250
.430  -5.4

.846  .603
.848 593
.853 _ .580
.857 .565
861 .549
8?3 .528
.894 .487
814 456
.935  .403
672  -5.2

.860  .BES
.862  .851
.865 831
.868  .810
.87 .788
.882  .756
.900  .713
917 .657
935  .586
.954 -4.9

QFS  %ERQ

r

1.000
.985
.963
.938
91
.874
.820
. 744
.638

155.9

1.000
.985
.962
.e3e
9
.875
.822
.751
.655

549.6

1.000
.984
.962
.937
o
.a75%
.824
.157
.668

1362.0
1.000

.984
e961

. .936

.91
.874
.824
.760
.678

2783.19

QF2/GB1S

SIG

.805
.820

. .840
.860°

.880
.800
.920
.940
.960

".8ps

.820
.840
.860
.880

.800-

.920
.840
.960

.805

.B20,

.840
.860
.880
900
.920
840
.960

.80%
.820
.840
.860
.880
.900
.920
.840
.960

QC2/G81S

139.0 178,9

491.5 622.4

1223.8 1621.0

2518.4 3063.4

QFS2/GB15

.



\*

o

S16 "y c
Yi/B1= 750
.808 720 .460
.820 .738 .B20
. .840 .758 .589
860,  .777 .657
.880 797 726
,900 .823 .788
.920 .852 .B42
.940 .881 .B96
.9860 910 ' .950
L7850  1.223  1.169
vi/eis 875
.805 .696 .AS0
: .820 713 .501
.840 738 .588
.860 157 .835
.880 .780 .702
.900 807 185
920 .839 .823
.940 .87 .682
.960 .903 .940
.875  1.578 1.517
vi/B1= 1.000
.805 .672 ' .432
.820 .690 .481
.840 .714a .547
.860 .738 .8%2
.880 782 .678
.900 792 .42
.920 .827 .B0S
.BAD .882 .BBY?
.980 .897 .930
1.000 1.873 1.910
B vi/Bi= 1,125
.BOS .648 .413
. .820 .687 .461
.840 .893 .525
.860 .718 .589
.880 .744 .653
.900 177 .718.
.920 815 .786
.940 .853 .B53
.960 .881 .920
1.125 2,412  2.354
visei= 1.250
.805 .625 ,395
-.820 .84% .442
. .840 .672 .504
¢
vi/m

QF

Qc

.874
878
.877
.880
.882
.89
.906
.920
.935%

1.274

N:-1.T:
.888
.890
.892
.893
.901
.912
.924
.93%

1.630

802
.902
.902
.903
.904
.910
.818
.927
935

2.023

.8186
.916
.816
916
.916
.919
.924
.930
.935

2,453

.930
.930
.930

QFS

70

Qc

1.169
1.149
.2
1.003
1.063
1.020
.. 962
.890
.801

~4.4

1.517
1.490
1.453
1.415
1.377
1.3
1.244
1.154
1.045

-3.9

1.910
1.874
1.828
1.778
1.730
1.658
1.560
1.449
1,319

-3.2

2.354
2,306
2.244
2.183
2.123
2.034
t.an
1.776
1.623

-2.4
2.851

2.788
2.708

%ERQ

’

n

r

1.000
.083
.989
.935 .
.909
.873

©.823

.7161
. 685

5035.3

1.000
,982
.958
.933
.808
.8
.820
.781
.689

8377.6

)

1.000
.981
.956
.90
.908
.Bé8
.817
. 758
. 680

13111.0

1.000
.980
.953
927
.902
.864
<812
. 184
.690

19583.4

1.000
. 978
.980

QF2/GB1S

516G

.808
.820
.840
.860
.880
.900
.920
~940
.9860

.805
7820
.840
.860
.880
.900
.920
.940
.960

.805%
.820
. 840
.860
.880
.800
.920
.940
.960

.805
.820
.840

4599.4

7742.4

12287.4

18654.)

QC2/GBYS

5460.8

8948.0

13783.0

]

20257.6

QFS2/GB13

=



(Table 6 cont’'d) .

516 K c
“ " .860 .699 .567
.880 726 .829
. .00 .761 .696
, .920 .802 767
. .940 .843 .839
: 860 .88a .80
L 1.250 2.894 2.85V/
- ¥i/er= 1.378
.808 .601 .a76
.820 .622 .422
-840 .651 .483
.860 .680 544
..8B0 .708 .605
.800 .746 673
. .920 .790 .749
.940 .834 .B24
.960 .878 .900
1.375  3.421  3.405
¥1/81= 1,500
.805 577 .358
. .820 .600 -  .402
840 .630 .462
_~, . .860 .660 521
Can ] .880 .691 .581
.900 REL .650
920 .778 .730
* .940 .825 .810
. .960 .872 .890
1.500 3.994  4.023
N [
& vi/81= 1.625
.805 .553 .339
.820 577 .383
.840 .609 .4a1
. .860 .841 .a99
.880 673, 557 °
.800 .118° 627
.920 765 LN
.940 , .815 796
: .960 .865 .880
1.625 4.614 4.708
Y1781 QF Qc
30 FM
.805  1.000
\ .820 .980
.840 .954
.860 .927
.880 ,900
. .900 .860
.920 - .BO0S
’ -840 ;740
960  -.663

n

o\
.930
.930
.930
.93
.933
935

i
2.919

.

.944
.944
.944
.944
944
.944
, 944
.944
.944

J3.422

.858
.958
.958
.958
.958
.958
.958
.958.
.958

3.962

.972
.972
972
.972
.872
.972
.972
.972
.972

4.540

QFsS

Qc

2.630
2.553
2.443
2.298
2,135
1.957

-1.5

3.40%5
3.326
31.224
3.12%
3.028
2.880 °
2,680
2.471
2.246

-.5

4.023
3.923
3.795
3.672
3.551
3.358
3.088
2.800
2.488

7

4.708
4.585
4.427
4.2%5
4,128
3.88°
3.525
3. 142
2,117

2.0

%ERQ

r

.922
.895
.857
.806
.749
687

28194.4

" 1.000

.977
.947
.918
.889
.846
.787
.725
.660

39398.5

1.000 .
.8975
.844
.913
.883
.83%
.768
.696
.619

§3706.5

1.000
,974
.940
.908
.877
.824
.748
.667
577

71680.9

QF2/GB1S

SIG

.860
.880 .
.800
.920
. 940
.960

,27359.4

.B0S
.820 ,
-840
-B60
.880
.900
.920
.940

©.960

39039.0

.80%
.820
.840
.860
.880

.900 I3

.920
.940
.960

$4473.2

.80S
..820
.840 -
.B60
.880
.900
.920
.940
.960 |

74616.6

QC2/G815

28689 .2

39427.9%

[ 9

52855.2

€9387.2
QFS$2/GB1S
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APPENDIX - VII
COMPARISON OF FREE FLOW DISCHARGE RELATIONS
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021

014

0

104xQ%/gB (0<0.805)

YYB1Eq. 7

Eq.17

Eq.18

q.14

0.25

14

0

13

16 |

0.375

49

43

48

551 -

0.50

122

124

123

136

0.625

252

‘256

254

- 278

0.75

460

462

467

503

0.875

774

770

789

838

100

1229

1220

1250

13114

1.125

1865

1857

1892

1958

125

2736

2734

2760

2819

1375

3904

3912

3921

3940

150

5447

5462

5425

5371

1.625

7462

7459

735

7168

Symb,

B

-

—A—

e &

Free Flow (0<0805)

Sy O -

- "Energy Eq{14) -
. Ref.(10)

+ ». Predicted Relationships

* Momentum

b ]

Eq.(7)

Eq.(7),(17) &(18)

Ca

05 Y./B, 10 .

15

Fig.8 -Cbmpori#'on of Free Flow b,ischdrge Relations.
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