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ABSTRACT

Dams wit'h overfall crests or high-level slulces produce near-vertlcal water
Jets whose energy can be disslpated in concrete-llned plunge basins. In
order to design such baslns lt is neceEsary to have informitlon on the mEan
and_fluctuating presEures acting on the floor slabs. TtrLs experimental
study lnvestlgated how the lmpact pressures produced by a verllcal
rectangular Jet vary with velocity, water depttr and amtunt of alr withln the
Jet. The work was funded by the Construction Industry Directorate of the
Department of the EnvLronment as part of its support for research on
hydraulic structures and a1luvial processes.

The_flrst_stage of the study comprised a literature review and testing of a
small-scale r lg (see lntertm report by perkins (1987)). Results from this
stage assisted ln the development of a larger test rig whlch was used for
the ocperfunents descrlbed ln thls report. The rlg wa- capable of produclng
a- rectangular jet measurLng 200m x 67nrn wlth an impact velocity of g.Sm/e.
The water depth in the basin was varj.ed from zero to 0.8m, and the Jet could
be_arranged to dlscharge vertically above the baEin (aE a ptungtng jet) or
below the water surface (as a submerged Jet). The amount of air tn-the Jet
was varied up to a rna:cimurn concentration of 20%. Impact pressureE on thi
floor of the basin were measured usLng flve transducele. The results lrere
recorded and analysed to deternine the characteristics of the mean and
fluctuating components of the impact pressures. A total of 35 different
conditions was studied.

Analysis of the data established a correlation between the mean dynanic
Pressure at the centre of the rectangular Jet, the jet veloclty at lnpact
with the water surface, the air concentration, the water depth and the
thickness of the Jet. PressureE were found to decrease rapLdly with
horlzontal distance from the centre of the Jet. Adding air to- the Jet
decreased the mean presgures.

The turbulent pressure fluctuations were found to be fairly uniforn wlthin
and imediateJ.y around the jet, and were little affected by changes in air
concentration. The turbulence at the floor of the basln was strongest when
the water depth was between 10 and 12 times the thickness of the J-t.
Correlations lrere established for estimating the root-mean-square-and
extreme values of the pressure fluetuations. The probabilftt distrlbutions
of the turbulence litere found, on average, to be moie sharplypeaked than a
Gaussian distrlbution and were positively ske'wed, ie. the-posltive
fluctuations tended_ to be larger than the negative oneE. Spectral anal.ysis
showed that the turbuLence energy was most concentrated at frequencl.es of
0-3H2. The results of the study confirmed the validity of using Froudian
scaling in model teEts of plunge basins.





SYMBOLS

B Thickness of rectangular jet (short side)

Bo Initial thickness of rectangular jet

Bl Thickness of jet entering plunge basin

C Local volumetric air concentration

Co Mean volumetrie air coneentration (equation (15))

Cp Pressure coefficient for mean d5mamic pressure (Equation (31))

Cprn Maxfunum val-ue of Cn on floor of basin

C* Pressure coefficient for maximum instantaneous dynamic pressureY (Equat ion (33) )

C; Pressure coefficient for minimum instantaneous dynamic pressure
E (Equat ion (34) )

Pressure coefficient for root-mean-square pressure fluctuation
(Equat ion (13) )

Pressure coefficient for root-mean-square pressure fluctuation measured
by pitot tube (Equation (23) )

Initial diameter of circular jet

Diameter of jet entering plunge basin

Mean part ic le size

Kinetic energy head of jet

Freguency

Frequency in model

Frequency in prototype

Acceleration due to gravity

Height of jet nozzLe above floor

Depth of water

Height of manifold above pipe exit

Static pressure head at manifold

Coeff ic ient in Equat ion (14)

Kurtosis (Equat ion (36) )

P1unge length of jet in air

Distance travel led by jel  in air

Break-up length of water jet in air

Flow-establisment length

Distance travelled by jet in water

Momentum flux due to velocity of jet

Number of meeasurements
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SYMBOLS (cont 'd)

p Mean d5mamic pressure due to velocity of jet

I

p Pressure fluctuation from mean

pm Mean dynamic pressure on centreline of jet

pru* Maxirnum inslantaneous dynamic pressure

pp1r, Minimum instantaneous dynamic pressure

p'o" Root-mean-sguare fluctuation of dynamic pressure

a Volumetr ic f low rate of water

Qa Volumetr ic f low rate of air

q Volumetr ic f low rate of water per unit  width

r Area1 contract ion rat io

S Energy gradient of flov
f

s Skewness (Equat ion (35) )

Tc Time that probe is in conducting fluid

Tp Turbulent pressure intensity (Equat ion (36) )

T., Time that probe is in void

V Overal l  mean veloci ty of jet  (discharge/area)

Vo Ini t ia l  value of V for jet

Vl Value of V for jet  enter ing plunge basin

v Local t ime-mean veloci ty

Vm Maximum value of v

vr*" Root-mean-square velocity fluctuation

W Width of rectangular jet  ( long side)

Wo Ini t ia l  width of jet

x Distance from centre of jet  in direct ion W

y Distance from centre of jet in direction B ; distance normal to invert
of channel

ym Depth of flow measured normal to invert of channel

ys Depth of scour below water surface

z Distance from nozzLe along longitudinal centrel ine of jet ;  vert ical
distance below water surface



SYMBOLS (Cont 'd)

al  Semi-angle rate of contract ion of high-veloci ty inner core of jet

q.2 Semi-angle rate of jet expansion in flow-establishment zone

a3 Semi-ang1e rate of jet expansi-on in established-flow zone

e Mean turbulence intensity of veloci ty f luctuat ions (= vr*"/V)

€1 Local turbulence intensity (= vr*"/v)

0 Semi-angJ.e rate of jet  expension in air

g '  Value of 0 in the absence of gravi tat ionaL effects

p Density of f lu id in jet

po Density of f lu id surrounding jet

o Standard deviat ion (Equat ion (34) )
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INTRODUCTION

A wide range of rnethods can be used to pass flood

flows over, through or around dams. One common

solut ion in the case of concrete gravi ty dams is to

discharge the water freely into air either over the

crest of the dam or by means of short spillway chutes

or jet  valves posit ioned below the crest.  The water

then forms a high-energy free-trajectory jet which

impacts downstream of the foot of the dam. In the

case of an overf low crest,  the jet  lands almost

vertically, whilst with a low-leve1 valve or chute the

water may have a significant horizontal velocity

component at impact.

Three methods can be used to dissipate the energy of a

f a l l i n g  j e t .

(1) If suitable rock exists in the downstream channel

and the jet lands far enough away from the toe of

the dam, the jet may be allowed to scour out a

p lunge poo l .

If the size of an uncontrolled plunge pool might

threaten the stability of the dam, a weir nay be

eonstructed downstream of the pool to raise the

tailwater level and henee provide a partial water

cushion which reduces the amount of scour.

If the first two options are not appropriate, a

concrete-lined plunge basin may be constructed

with a tail weir which produces a sufficient

depth of water to prevent erosion of the floor

s1abs .

In al l  three cases, the onset and extent of scour

depend on the relat,ive magnitudes of the impact

pressures produced by the fal l ing jet  and the erosive

( 2 )

(3 )



resistance of the bed. A natural ly-formed plunge pool

deepens until the jet is cushioned sufficiently for it

to be no longer able to dislodge material or transport

i t  out of  the pool.  The erosive resistance of the bed

depends primarily on the size and density of the

mater ial  ;  rock subject to jet  impaet tends to shatter

along fault  l ines and forms large loose bloeks.

Severa l  s tud ies  (eg  Mason (1984,  1989) )  have

investigated the relationship between jet energy, bed

material and the equilibriun depth of scour in

natural ly-formed plunge poo1s.

fhe design cr i ter ia for a concrete- l ined plunge basin

are somewhat different because it is necessary to

ensure that the floor slabs can withstand the jet

impact without damage. Three principal factors need

to be considered:

r the trajectory of the jet  through the air  -  this

determines the location and size of the plunge

basin

o air entrainment as the jet passes through the air

and enters the plunge basin - this affects

veloeit ies in the jet  and helps to cushion i ts

impact

r impact pressures on the floor of the basin -

these determine the size and strength of the

concrete slabs needed to protect the basin

Information on jet trajectories has been obtained from

theory, model tests and observations of prototype

installations. Approximate estimales can be made by

neglecLing energy Losses and assuming pressures to be

atmospheric at al l  points in the jet ;  the results

usually over-predict the "throwil of the jet. More

accurate solutions using potential flow theory take



account of internal pressures in the jet (eg Naghdi &

Rub in  (1981)  and Hager  (1983) ) .  Mar t ins  Q977)

compared several empirical methods of predicting jet

lengths and recormrended those due to Kawakami (1973)

and Zvoryk in  ( f975) .

The problem of determining the amount of air

entrainment in a free-trajectory jet is extremely

difficult. Direct prototype measurements at high-head

dams are virtually i-rnpossible (although high-power

laser doppler anemometers might conceivably be used).

Analysis of photographs of prototype jets can provide

rough estimates of the amount of bulking but do not

give information about the internal structure of the

flow. Laboratory studies have provided some useful

data on the entrainment process, but the results are

likely to be subject to significant (but unknown)

scale effects when extrapolated to prototlpe

conditions. When a jet enters a plunge pool or basin,

air is also entrained around the periphery of the'jet

where it penetrates the horizontal water surface.

This additional air may not reduce peak impact

pressures significantly if the high-velocity core of

the jet  persists to the f loor of the basin.

Estimates of the pressures exerted on the floor of a

plunge basin can be determined from suitable

laboratory tesqs. Putting aside for the moment the

effect of entrained air, the principal factors

involved are the initial momentum of the jet

(magnitude and direction), the rate of diffusion of

that momentum due to viscosity and turbulence, and the

relative water depth in the basin. Studies of

analogous problems, such as high-energy turbulence in

hydraulic-jump still ing basins, have shown that

Froudian models can satisfaetorily predict prototype

performance in terms of mean and fluctuating pressures

and their  stat ist ical  distr ibut ion (eg Elder (196f)



and Lopardo et aI (1984) who both compared prototype

and model data for st i l l ing basins, and Schiebe (f971)

who compared results from two models with a size ratio

o f  1 : 5 ) .

The frequency of the pressure fluctuations depends on

the velocity of flow and the length scales associated

with the turbulence. Ini t ia l ly,  the size of the

turbulent eddies is related to a character ist ic

dimension of the flow (eg the depth of water, the size

of jet  or the height of  baff le block).  The turbulence

then dissipates by "cascadingt' downwards into smaller

eddies having higher frequencies. A Froudian model

produces the correct relationship between flow

veloci ty and length scale, and can therefore be

expected to produce initial turbulent eddies of the

appropriate size and frequency. The cascade process

in the model rnay be somewhat truncated relative to

that in the prototype (since the ultirnate eddy size is

independent of scale), but the amount of energy

involved will usually be a small proportion of the

t o t a l .

The main effect of air entrained in a body of water is

to convert it from an almost incompressible liquid to

a highly compressible one. This change tends to

cushion the impact of the jet and reduce the peak

pressures. The compressibi l i ty of  the water depends

on the amount of air that is present, so the

cushioning effect 'can be expected to be reproduced

correctly in a model if the volumetric air

concentration is equal to that in the prototype.

The behaviour of an impacting jet clearly depends upon

a variety of factors, but the above discussi-on

indicates that the primary effects can be reproduced

sat isfactor i ly in reduced-scale models of plunge

basins. Results from laboratory research can



therefore be expected to provide useful

data for the design of protot)pe instal lat ions.

Most previous studies of impact pressures have used

small diameter circular jets and have measured only

mean pressures. The objectives of the investigation

described in this report  were to:

study rectangular water jets discharging

vertically into different depths of water

measure both mean and fluctuating pressures

the floor of the basin under the jet

study the effect of entrained air on the impact

pressures

A reetangular jet was used because this is the type

which occurs most commonly in plunge basins. The jet

was made as large as possible within the constraints

dictated by budget and available pumping equipment.

The jet was tested vertically because this arrangement

produces the greatest impacL pressures, and is

representative of conditions which arise in a plunge

basin close to Lhe toe of a dam having either a free

overfal l  crest or high-Ievel s luices. (The results

are not applicable to basins downstream of

flip-buckets or low-level va1ves and sluices where the

jet lands at a relat ively shal low angle).  Fluctuat ing

pressures were measured because the floor of a plunge

basin needs to be able to withstand the maximum

posit ive and negat ive pressures imposed by a jet ,  and

not just the mean values. As explained above, the

predietion of how much air wil be entrained by a jet

of water travelling through the air is difficult and

can at. present only be approximate. However, in Lerms

of design, the main question is what effect does

entrained air  have on the impact pressures; only i f  i t
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PREVIOUS STUDIES

Flow characterist ics

is shown to be significant, does more effort need to

be spent on improving methods of predicting

entrainment. In order to obtain measurements of local

air  concentrat ions, a portable void meter manufactured

by Nottingham University was purchased specially for

the work.

This study was funded by the Construction Industry

Directorate of the Department of the Environment as

part of its support for research on hydraulic

structures and al luvial  Drocesses.

The behaviour of a water jet discharging vertically

downwards is shown schematically in Figure 1. When

the jet enters air, surface disturbances around the

periphery of the jet build up and begin to entrain air

and dissipate some of the energy in the jet .  As a

result ,  there is a tendency for the jet  to increase in

width as i t  fal ls.  At the same t ime, however,  the jet

is gaining in kinetic energy which tends to reduce its

width. The actual rate of change of width depends

upon the relative magnitudes of these opposing

fac tors .

If the jet is initially smooth, wave-like disturbances

may develop around its periphery due to the

interaction between the forces due to pressure,

gravity, inertia and surface tension. However, the

surface disturbances are more usually the result of

turbulence present within the jet .  Once released from

the constraint of the nozzle, a re-distribution of

mean and fluctuating velocities occurs from the cente

of the jel  towards the periphery. As a result ,  the

surface becomes highly disturbed and may break up into



droplets. Air is entrained inwards towards the core,

and the energy of the water is reduced by an exchange

of momentum with the surrounding air, which is dragged

dovmwards by the flow. The aerated outer layer of

water thus increases in thickness as the jet falls and

the "sol idt t  core of high-veloci ty water is reduced in

size. After a certain distance, the sol id core

disappears and the jet  loses i ts coherence. The

break-up distance depends upon the initial thickness

and shape of the jet and the degree of turbulence in

the f low.

The di f fusion of a water jet  in air  occurs relat ively

slowly because of the large di f ference in density

between the two fluids. fn the case of a submerged

jet discharging into the same fluid, the exchange of

momentum is much more rapid and the break-up distance

is consequent ly reduced (as indicated in Figure 1).

The point at which the solid core disappears is used

to demarcate two regions of the jet :  the upper
rrflow-establishrnentrr zone and the lower

"establ ished-f1ow" zone. The rate of expansion of the

jet increases after the f low has become establ ished.

Energy dissipat ion withj .n the sol id core of the jet  is

relat ively sma1l,  so a l imited area of the f loor of

the plunge basin may be subject to almost 100% of the

ini t ia l  total  head of the jet  i f  i t  does not break up

before reaching the f1oor.

The behaviour of a water jet in water differs

depending upon whether it discharges as a submerged

jet below the surfaee or whether i t  f i rst  discharges

into air  as a plunging jet .  In the former case, the

outer layer of the jet  is a single-phase mixture of

waler from the jet and waler entrained from within the

basin ;  al though the mean veloci ty of the jet

decreases with distance, the total  discharge increases

due to the ent.rainment process. In the second case,
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resu l ts

the outer layer is a two-phase region of water and

air .  As before, the l iquid phase is a mixture of

water from the jet and water entrained from within the

pool.  Part  of  the air  is entrained into the jet  dur ing

its passage through the atmosphere and part is drawn

down into the basin as the jet penetrates the water

surface i the amount drawn down increases as the

"roughness'r  of  the periphery of the jet  increases.

The air is carried downwards by the jet to a level at

which the velocity of the water becomes less than the

r ise veloci ty of the bubbles. The roughness and

turbulence of a plunging jet are usually greater than

those of a submerged jet, and this causes the plunging

jet to di f fuse more rapidly under water.  Tests with

submerged jets are therefore likely to produce higher

impact pressures on the floor of a basin than

equivalent tests with plunging jets.

The majority of the theoretical and experimental

studies carried out in this field have been concerned

with submerged jets (eg air  in air  or water in water).

Albertson et al  ( f948) invest igated the cases of

two-dinensional rectangular jets and three-dimensional

c i rcu la r  je ts .  I f  a  je t  i s  assumed to  be  fu11y

turbulent,  shear stresses due to viscocity can be

neglected in comparison with the Reynolds stresses due

to the veloci ty f luctuat ions. On Lhis basis,

dimensional reasoning suggests that the transverse

velocity profile in the rnixing region between the

high-velocity core and the surrounding fluid should

exhibit the same non-dimensional shape at all points

along the jet .  In addit ion, the rate of expansion of

the jet should be effectively consLanl and noL vary



with distance. Albertson et al  conf irmed these

theoret ical  predict ions with measurements in air  jets,

and found that the non-dimensional velocity profiles

were well-described by the Gaussian normal probability

function. The length of the flow establishment zone

(see Figure I)  for a submerged rectangular jet  was

found to be 5.2 t imes the ini t ia l  jet  thickness Bo,

and for a submerged circular jet  to be equal to 6.2

t imes the ini t ia l  jet  diameter Do. fn the

two-dimensional case, the local velocity v at a point

with co-ordinates y, z (z measured from the nozzle

along the axis of the jet)  is related in the

flow-establishment zone to the initial mean iet

veloci ty V brz- o

V
:;- = exp
v -

f o r  z  <  5 . 2  B o  a n d  y  >  ( B o  -  0 . 1 9 3  z ) / 2

and in the established-flow zone by

(y  -  B^ /2)  z
|  -42 .1  {  o .oe66 *  - - i -  }  l

^%
H

= 2.28 tg-  I  exp t  -  42.4 yz/zz l- z
V

V

( i )

( 2 )o
f o r  z  >  5 . 2  B

The above results apply to submerged jets vrhose

expansion is not restr ieted by the presence of sol id

boundaries. Cola (1965) carr ied out experiments with

a submerged rectangular water jet  (width Bo= 0.0185m)

discharging vert ical ly at  a height of  H = 0.82m above

a horizontal  f loor (giv ing a rat io of H/Bo = 44.3).

Tests at four di f ferent f low rates (Vo = l .Bm/s to

4.Bm/s) gave simi lar prof i les of mean veloci ty when

expressed in non-dimensional form. The jet was found

to develop in the same way as an unrestricted jet (ie

in accordance with Equat ions (1) and (2)) up to a



distance of z/H = 0,7 1 from the nozzle. Beyond that

point,  the jet  deccelerated more rapidly as the f low

approached the floor, with a consequent rise in the

static pressure. The maximum mean d)rnamic pressure

due to the impact of the jet on the floor was p_ =
2  

- m

0.145 p Vi/2 .  By comparison, the f low veloci ty on the

centre- l ine for an unrestr icted jet  would according to

Equation (2) have been equivalent ao pm
)

0 . 1 1 7  p  v ' / 2 .

Beltaos & Rajaratnam (1973) also studied plane

turbulent jets impinging at right-angles on a

horizontal  f loor.  The tests were made with air

discharging into air  aL veloci t ies between Vo= 35m,/s

and 62mls. The width of Lhe rectangular nozzle was

B^ = 2.24nm and i ts height above the f loor was varied
o

so as to give values of the rat io H/Bo between 14.0

and 67,4. fire high-velocity core \tras found to persist

up to a distance from the nozzle of z/Bo = 8.26.

Beyond this, the flow behaved as an unrestricted jet

with sel f-s ini lar veloci ty prof i les up to a distance

from the nozzle of about z/H = 0.70. The maximum

veloci ty on the centrel ine was given by

( 3 )
v

m
V

R
t O ' I
\  r r  I  .

n z

-v,
2.40  (  4 -  -  2 .5  )- . 6

n

In the impingement zone, between z/H = 0.70 and 1.0,

the velocity of the jet decreased more rapidly than in

an unrestr icted jet  and wiLh pract ical ly no loss in

total energy. The mean impact pressure on the

centreline of the jet was given by

n \ I ( 4 )p =- m

l n



The variation of dynamic pressure p

r+ith distance y from the centreline

Gaussian distribution described by

along the wall

was found to fit

( 6 )
T

o

o

-P_
p- m

=  exp  (  -  38 .5  ( y /U )z  ) (s)

The impact pressure measured by Cola (see above)

corresponds to a value for the numerical constant in

E q u a t i o n  ( 4 )  o f  6 . 4  i n s t e a d  o f  7 . 7

The di f fusion of a water jet  t ravel l ing through air

occurs more slow1y than in water due to the difference

in density of the two mediums. Kraatz (1965)

suggested that the flow-establishment distance L" for

a circular jet  is given by

0 .  345
G/po)

where D^ i-s the ini t ia l  diameter of the jet ,  p is theo
density of the jet and po is the density of the

surrounding f lu id.  For a jet  of  water in air  at

atmospheric pressure and a temperature of lOoC,

Equation (6) indicates that the high-velocity core

should disappear at a distance of L_= 50 D- from the

nozzl-e.

Ervine et al  (1980) invest igated the effect of

turbulence on the behaviour of near-vertical water

jets in air using circular nozzles with diameters of

Do= 6, 9,  14 and 25mm and f low veloci t ies up to Vo=

lm/s. The distance LO travel led by the jet  before

l 1



Iosing its coherence and breaking up depended on the

turbulence intensi ly e as fol lows.

t O = 6 0  Q 0 ' 3 9 ,  e = 0 . 3 %

L b = L 7 . 4  Q 0 ' 3 1  ,  e = 3 %

L O = 4 . 1  Q 0 ' 2 ,  e = 8 %

( 7  a )

(7b )

(  7c )

where LO is in m and Q is the jet  discharge in m3ls i

e is def ined as

e = v  / Vrms
(B )

where v is the root-mean-square velocity
rms

fluctuation and V is the overall mean velocity of the

jet.  Earl ier,  Horeni (1956) had found the break-up

distance for a rectangular jet  in air  to be

L b = 5 ' 8 9 q 0 ' 3 1 9

where q is the unit discharge in mz/s ; the

turbulence intensity of the f low was not stated.

Ervine & Fa1vey (1987) carr ied out detai led

measurements on circuLar water jets in air  using a

Iaser Doppler anemometer. Nozzle diameters of 5Omn

and lOOmm were used, and the exit veloeity of the jet

was varied from 3.3m/s to 29.6m/s. The or.pansion

angle 0 of the out,er edge of the jet  (see Figure l )

(e)
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was found to be related to the turbulence level by

o  =  t an  t  ( 0 .38  e ) (  r0)

Measurements within the jet using a probability probe

indicated that the angle of contraction c, of the

inner high-velocity core was much smaller and of the

order

a r / O  =  I / 5  L o  L / 7 ( i 1 )

According to these results,  the high-veloci ty core of

a jet vj.th a turbulence leve1 of e = 8% will disappear

at a distance of about L" = 100 Do from the nozzle.

This compares with values of about Le/Do = 50 obtained

by Kraatz (Equat ion (6)) and by Ervine et al  ( f980)

for the break-up length at a turbulence intensity of

e  =  B % .

Ervine & Falvey (1987) also considered the behaviour

of water jets travelling through water, and summarised

information about the expansion angles q.1, a, and a,

in Figure 1 as fol lows.

Jet condit ion Turbulence level ol oZ o3

submerged 4 . 5 "  6 0  l l o

plunging almost laminar 5o 6o-7o 10o-12o

e  -  0 . 3 %

plung ing  smooth  tu rbu len t  7o-Bo loo- lLo  14o

e  -  1 . 2 %

plung ing  h igh  tu rbu lence -Bo 13o- l4o  l4o- l5o

e - 5 %
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Measurements of the mean and fluctuating Pressures on

the floor of a plunge basin were made by Withers

(1989) and Ervine & Withers ( i989).  The tests were

carried out with circular water jets (Do= 25run to

TBmm) discharging vertically downwards into air with

ini t ia l  veloci t ies in the range Vo = 3mls to 25m/s.

The height of fall to the water surface in the plunge

basin was varied up to a maximum of 2.5m. The naximum

mean dynamic pressure pm exerted on the floor of the

basin was elqpressed in terms of a pressure coeff ic ient

C def ined as
DM

pm

2 p- m

-- /.
P  V '

L

(12)

where V, is the mean veloci ty of the jet  as i t  enters

the plunge basin. The value ot ao* for a plunging jet

was almost equal to unity when thl water depth h in

the basin was less than twice the diameter D, of the

jet entering the basin. Increasing the vater depth

decreased C

L / n
J.

T

6

B
t n

I Z

16

20

as fol lows

yru

a.72

0 .46

0 .30

0 .21

0 .  15

0 .07

0 .05
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Measurements of the fluetuating pressures on the floor

of the basin were analysed to determine the

root-mean-square value, prms, for each test.  Peak

values of the corresponding pressure coefficient

p  p  y t 2
( r3)

were about O.2 and oceurred when the relative water

depth in the basin was in the range h/D, = 5 to 10.

The maximum positive pressure fluctuation in a test

(relative to the mean) was equivalent to about 4 ^ 

"
, " p ,

the corresponding mini-mum pressure fluctuation was

about , an Power spectra of the fluctuations showed

that most, of the turbulent energy occurred in the 3Hz

to 10Hz freguency range.

Air is entrained into a plunging jet during its travel

through the atmosphere and as it passes through the

water surface in the basin. Measurements of the total

rate of air entrainment were made by Ervine et al

(1980) using the equipment descr ibed above, and by

Tabushi (1969) using a nozzle of diameter 5rmn

discharging into a 300nrn diameter cylindrical tank.

Data on the amount of air entrained by free*trajeetory

jets enter ing plunge basins were f i t ted by Ervine &

Fa1vey (1987) to the equat ion

U , r r , , , , - , n , H . t
C  = K ( L / D ) " /  [ 1 + K ( L / D )  r  i 1 4 )o o o

where C is the mean air concentration based on 
volumetr ic rates of air  f low (Q-) and vrater f low (Q),

1 5



1e

^ Q .
t = -- o  O + O

d

( ls )

L is the plunge length through the atmosphere and

values of the factor K were estimated as fol lows.

Turbulence level Circular Wide rectangular Valid

je ts  je ts  range

smooth turbulent 0.2

moderate turbulent 0.3

rough turbulent 0.4

0 .1

n  1 (

o.2

L/Do< 200

L/D < 100

L/D < 50

It is presumed that, in the case of wide rectangular

jets,  the nozzle size Do is equivalent to Lhe

thickness B of the iet .

The effect of  entrained air  on the veloci ty

distribution produced by a jet entering a deep

cyl indr ical  tank was studied by Chanishvi l i  (1965).

The nozzle diameter was 14.5mm and the discharge

veloci ty ranged from Vo= 10m/s to 17.5m/s. The depth

of water was varied so that the nozzle discharged

either just below the surface (as a submerged jet)  or

just above the water surface (producing air

entrainment). Comparisons of the maximum water

velocity on the centreline of the jet showed that air

entrainment produced no significant reduction in

velocity until the jet had travelled a distance below

the water surface of about zlDo= 50 ; at this point

l 6



the centreline velocity without air entrainment was

v = 0.066 V and with air entrainment was v =
m o m

0 . 0 6 2  v
n

fndirect information about the effect of air

entrainment is provided by a laboratory study of scour

depths in plunge pools carr ied out by Mason (1989).

Air was added to a rectangular water jet discharging

at an angle of about 45o on to an erodible bed. The

depth of scour y= below the water surfaee was related

to the other variables by

q  0 . 6 0  h 0 . 1 6y  =  3 . 3 9- s (  16 )
g  0 . 3 0 ( 1 _  C o ) 0 . 3 0 d  

0 . 0 6

where d is the mean part ic le size in the bed. This

resul- t  is perhaps surpr is ing at f i rst  s ight because

increasing the air concentration appears Lo increase

the scour depth. However, in the oqperiments, adding

air  had the effect of  increasing the veloci ty of the

water in the jet  by a factor of (1-C^)-1. Thus i f  theo
unit  water discharge q in Equat ion (16) were replaced

by the water velocity V and the jet thickness, it

would be found that for constanL V the scour depth is

proport ional to (1-C^)0'30. This point ind. icates that
o

care is needed when applying Equation (16) to

free-falling jets because air entrainment in the

atmosphere does not increase the water velocity but

tends to reduce i t .

Ervine & Falvey (1987) developed several  theoret ical

formulae describing the effect of entrained air in

plunge basins, although some still await experimental

1 7
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veri f icat ion. The formula proposed

mean dynamic pressure in an aerated

below the water surface was

for

j e t

estimating the

at a depth z

- m
I

= r

2
( l-co) p v? t  16  Qr /  z )21 (  1 7 )

EXPERIMENTAL

ARRANGEMENT

3 . 1  S m a l l  t e s t  r i g

rrhere V, is the mean velocity of the jet at impact

with the water surface and D, is its corresponding

diameter. This equation applies only in the

establ ished-f low zone which was est imated to start  at

a b o u t  y  =  4  D r .

The design requirements for the test rig were that:

i t  should produce a rectangular jet  of  water

d ischarg ing  ver t i ca l l y

the jet should have as uniform a velocity

distr ibut ion as possible

the level at which the jet discharged should be

variable

air should be capable of being added at a known

rate to the waLer jet  pr ior to discharge

It was evident that the planned rig would be a

relat ively large construct ion, and that i t  would be

difficult and expensive to modify once assembled. The

inlet arrangement to the vertical discharge pipe was

required to produce uniform flow conditions while

being as compact as possible. Uncertaint ies also

existed about the best method of aerat ing the jet .

1B



For these reasons, it was decided to build a model of

the proposed design at a scale of about 1:3.

The layout of the small rig is shown in Figures 2 and

3. Flow from two pumps ent,ered a sealed pressure box

which was used in order to prevent the formation of

air-entraining vortices. Flow from the box then

entered a vertical rectangular pipe, measuring lOlmm x

38rrn internally, and adjustable in length. An

aeration system, based on designs for spillway

aerators, was instal led at the head of the pipe. This

consisted of a small ramp around the perimeter of the

pipe which contracted the flow and lowered the

pressure below atmospheric. Just downstream of the

pipe was a perforated box which enabled the

sub-atmospheric pressure to draw air into the cavity

formed by the ramp. Thus the air demand created by

the high-velocity water passing the box was met

without a fan having to be used to inject air into the

f  low.

Initial testing showed sevdral shortcomings in the

ini t ia l  design of the r ig.  Strong swir l  occurred at

the entrance to the vertical pipe and tended to

produce non-uniform conditions in the jet. As a

result, a more symmetrical inlet arrangement was later

adopted for the large r ig.  Ini t ia l ly,  the aerator did

not entrain air strongly enough, and difficulties were

experi-enced in sealing the flanged joints. The air

demand was increased by making the ramp larger, and

reasonable flow conditions in the jet were obtained by

carefully adjusting the taper downstream of the

perforated box. The final design of the aeraLor is

detai led in Figure 3, and Plate I  shows i t  in

operation. The or.perience obtained with the small rig

enabled a more effect ive design to be successful ly

developed for the ful l -s ize r ig,  as descr ibed in

S e c t i o n  3 . 2 .
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3 .2  ta rge  tes t  r i g

As a result of the unsatisfactory flow conditions

experienced at the entrance to the vertical pipe in

the smal l  r ig,  a di f ferent in let  arrangement was

adopted for the fu11-size r ig.  Flow from the pump

discharged into a long pipe of large diamater which

was instal led horizontal ly at  a high leve1, with the

vert ical  rectangular pipe connected to i ts invert .

Due to i ts large diameter,  Lhe veloci t ies in the

horizontal  pipe were relat ively low; this design,

together with a tapered transi t ion piece, ensured good

entry condit ions to the vert icaL rectangular pipe.

The original intention had been to carry out tests

with a jet measuring 300mm x 100mm with velocities up

to Bm/s. Due to the cost of  construct ion of such an

arrangement, the jet was reduced in size to 200mm x

67mm, and the maxirnum available velocity reduced to

roughly 6.5m/s (corresponding to a discharge of

approximately 0.09m3/s).  A diagrammatic layout of the

f inal  design is shown in Figure 4.

The vert ical  pipe was constructed using short  secLions

of rectangular pipe with f langed joints.  This enabled

the length of the pipe and hence Lhe height of the

out let  point to be easi. ly adjusted. The adjustable

length of the "downpipe" allowed both the study of

jets discharging into air before entering a plunge

basin ( ie free-fal l ing jets),  and the study of jets

discharging below the water surface (ie submerged

j e t s ) .

The plunge basin beneath the jet was formed by a

square-shaped tank approximately 1.5m in width, with

all four sides having removable boards acting as

variable-height overf low weirs.  The weirs al lowed the

depth of water in the plunge basin to be varied from
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approximately zero to 0.8m. Depths of water in the

plunge basin \rere measured by means of a pressure

tapping located at the mid-point of one of the sides

of the basin. The bottom of the plunge basin was

formed by a raised steel plate rigidly mounted on

steel cross-beams. The central portion of the plate

Idas removable and was drilled to accept the

installation of transducers for measuring mean and

fluctuating pressures on the floor of the basin.

Details of the layout of the transducers are shown in

Figure 5.

Following some early tests with one type of transducer

which proved to be not entirely satisfactory (see

Perkins (1987)),  t iR purchased six PDCR 930 transducers

supplied by Druck Ltd. These transducers had the

fol lowing character ist ics :

(1) open-face design to allow flush mounting and

prevent, compressibility problems due to air

col lect ing in tapping;

(2) waterproof casings with integral  vented cable to

allow compensation for changes in atmospheric

pressure ;

(3) very smal l  temperature effects due to 'o i l '

f i l led isolat ion capsule (10.3% of ful l  scale for

the  range -2o  to  +30oC) ;

(4) ful I  range of 500 mbar (equivalent to 5.1m head

o f  w a t e r ) ;

(5) high sensit iv i ty;

(6) durable against shock and stress;

(7 )  Iong- te rm s tab i l i t y  (0 .  t% o f  fu l l  sca le /year ) .

Output signals from the transducers were conveyed via

amplifiers and conditioning units to an analogue

("Teac" 7-track) tape recorder.  Signals could thus be

recorded continuously throughout the course of a

t e s t .
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Water discharge rates r'rere measured using initially a

BS-type orifice meter and later a 203rrn dianeter

digital bend meter developed at HR (see Deamer & May

(1989)).  The water f low rate was control led by a gate

valve on the delivery side of the punp whose capacity

w a s  0 . 0 9 m 3 / s .

Taking into account the problems encountered with the

aeration system used in the snall test rig, a new

design was successfully developed for the full-size

rig. This aeration system is shown diagrarnmatically

in Figure 6. A manifold, with an internal diameter of

19rm and 18 number holes of 9.5nrn dianeter drilled at

angles of 35o to the horizontal, was fixed into the

rectangular pipe in the position shown in Figure 4.

The 19mn manifold was connected to a 50mm diameter air

supply pipe which extended down the side of the rig

with its end open to atmosphere. The air flow rate

was measured by a variable-area flow rater fitted in

the 50rrn pipe, and was controlled by a gate valve

upstream of the flow rater. The layout of the holes

i.n the manifold was designed to produce an even

distribution of air throughout the jet. The manifold

was located near the top of the rectangular pipe in

order to ensure that the airlwater mixture would be as

uniform as possible at the point of discharge.

The aeration system worked by making use of the

sub-atmospheric pressure in the water flowing past the

manifold. Applying Bernoulli 's equation between the

manifold and the discharge point of the water jet, it

can be shown that the static pressure head

manifold is given approximately by

h *=  -  ( 1  -  s r  ) h ,  -  vo '  ( r  -  1 )

,s

h
m

at the

22
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4 .1

EXPERIMENTAL

PROCEDURE A}TD

MEASUREMENTS

Velocity distr ibution

and turbulence in jet

where h, is the height of the manifold above the

discharge point of  the jet ,  S, is the energy gradient

in the rectangular jet pipe, Vo is the exit velocity

of the jet and r is the ratio of the flow areas at the

exit and the manifold. Assuming the minimum value of

hl= 2.2m used in the presenL experiments, i t  can be

shown that the static pressure at the nanifold varied

from about h_ = - 3.8m at the maximum jet velocity of
m

V =  6 .5mls  to  about  h  =  -  2 .5m a t  a  50% f low ra te .o m
These values were more than sufficient to produce the

reguired rates of air  f low in the aerat ion system.

A number of tests was carried out Lo investigate the

velocity distribution and turbulence leve1 in the jets

produced by the large test rig. Initial measurements

of velociti-es and turbulence were carried out using an

electromagnetic current meter connected to an analogue

tape recorder (Racal 7-track).  Records were digi t ised

by means of a Farnel l  DTS12T digi tal  storage

osci l loscope and analysed using a software package

mounted on a BBC micro-computer.

Later,  veloci t ies in the jet  were measured using a

total-head pi tot  tube, simi lar to that descr ibed by

Arndt & Ippen (1970).  The total  head tube (2.0rrn
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internal diameter) was connected via an adapter to a

flush*mounted pressure transducer, which measured the

instantaneous fluctuating pressures. The tube was

fil1ed with water and vacuum sealed so as to ensure

that the water was retained in the tube, The small

diameter of the tube and the vacuum seal prevented air

bubbles becoming trapped in the tube and thus

invalidating results. The output signals fron the

transducer were analysed to obtain values of the mean

veloeity and turbulence at the position in which the

instrument was fixed. The probe was mounted with the

tip facing vertically upwards and in the horizontal

plane of the exi t  f rom the rectangular pipe.

4.2 Air  concentrat ions

Point measurements of air concenLration were made

using a void-fract ion meter purchased special ly for

this research project. The instrumenL was developed

at Nott ingham Universi ty by White & Hay (1975).  The

device senses the passage of air bubbles by means of a

very fine wire or needle that is insulated from the

main body of the probe (which must be immersed). When

the t ip of the probe is in water,  an electr ical

circuit is completed between the tip and the main body

of the probe. When a bubble passes over the tip, the

resistance in the circui t  f i rst  increases and then

decreases as the t ip re*enters l iquid. Previous

instruments of this type have used the change in mean

resistance as a measure of the bubble concentration,

but calibrations for such instruments are difficult to

establ ish and subject to changes in conduct iv i ty of

the liquid. White & Hay adopted a different approach

in which differentiators and comparitors in the

electr ical  c ircui t  measure the rate of change of the

signal sensed by the t ip.  In this way i t  is possible

to detect the start and end of each bubble. Thus the
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4,3 Impact pressures

probe acts as a sinple on/off switch, "on'r when the

t ip is in l iquid and "off"  when i t  is in a void.

The concentration is determined by integrating the

signal using a Schmitt trigger to find the total

lengths of time, T" and T' that the tip has been in

the conducting fluid and in the non-conducting voids.

The average concentration of the voids is given by

T

(  1e)
r ' r - l .

c v

It is assumed here that the voids move at the same

veloci ty as the l iquid. In the large test r ig,  the

location of the air supply manifold at the top of the

vertical recLangular pipe enabled the air and water to

become wel l  mixed pr ior to discharge.

Pressure measurements on the f loor of the plunge basin

were made using non-aerated and aerated jets for a

range of f low rates and water levels in Lhe basin.

The tests with the non-aerated jets were carried out

first, without the manifold for the air supply system

installed in the rectangular pipe. The following five

measurements were made when studying the non-aerated

j e t s :

(  1 )

(2 )

(3 )

f low rate of waLer in jet ;

height of outlet above floor level in the plunge

bas in ;

depth of tai lwater in plunge basin;
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The first two items in the list above were fixed at

the beginning of each test; the other three were

monitored during the course of each test.

For the second set of  tests with aerated jets,  the air

supply manifold was instal led, and the fol lowing

additional measurements recorded:

( 4 )

(s)

( 6 )

( 7 )

( 8 )

water temperaturel

pressure fluctuations on the floor of the plunge

basin at var ious posit ions beneath the jet .

total  f low rate of air  added to the jet ;

air  temperature;

a i r  p ressure .

The required air  f low rate was set at  the start  of

each test with an aerated jet .  The air  temperature

was monitored during the course of the test and the

air  pressure l ras recorded on a dai ly basis.

Each test with an aerated or non-aerated jet  lasted

approximately 40-45 minutes. An ini t ia l  per iod of

roughly 30 minutes was allowed for conditions to

stabilise before measurements were begun. Analogue

recordings of the output signals from the pressure

transducers were obtained using the 7-track recorder.

Each of these recordings was approximately 10 minutes

in length ;  shorter recordings of eal ibrat ion signals

were also taken at regular intervals throughout the

test programme. The analogue readings were then

digitised and analysed using the DATS software package

to determine the statistical and spectral

charaeter ist ics of the pressure f luctuat ions.
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5 .1

TEST RESULTS AI{D

AIIALYSIS

Character ist ics

o f  f ree  je t

The unformity of the jet produced by the vertical

rectangular pipe in the large test rig was

investigated using the smal1 diameter pitot tube

described in Sect ion 4.1. The tests were carr ied out

with the pipe discharging freely into air at three

d i f fe ren t  mean ve loc i t ies ,  Vo =  6 .65  m/s  (100%) ,  Vo =

4.98  m/s  (75%)  and Vo= 3 .33  m/s  (50%) ;  these same

flow rates were also used in the tests descr ibed later

to measure inpact pressures.

Figure 7 shows how the Lime-mean velocity v varied

along three sections parallel to the longitudinal

centrel- ine of the jet  (on the centrel ine at y = 0, at

Lhe edge of of the jet at y = Bo/2 and at the

mid-po in t  y  =  B_/4) ;  va lues  are  l i s ted  in  Tab le  1 .
o

The tests were carried out with the air supply

manifold instal led (see Figure 4) but with no air

being entrained, and the measurements were made in the

horizontal plane inunediately below the exit frorn the

pipe. The f i -rst  test at  Vo = 3.33 m/s demonstrated

that the veloci ty distr ibut ion was almost fu11y

symmetrical about the mid-point of the pipe. The

tests at higher f low rates showed simi lar prof i les,

but with a tendency for the distribution to become

slightly more uniform with increasing velocity. The

measurements labelled A and C in Table I correspond to

the points which were vertically above the pressure
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transducers A and C in the floor of the plunge basin

(see Figure 5). The average values of time-mean

veloci ty in the vic ini ty of A (x = 0, y = 0) and

C  ( x  =  0 . 3  W  .  y  =  0 )  w e r e  v  =  1 . 1 8 8  V  a n d  v  =  1 . 1 3 2- o

Vo respect ively.

The velocity distribution in turbulent flow is

predicted theoretically by appropriate forms of the

log-velocity law, but can be described by simple

power-law relationships over most of the depth range.

Cain & Wood (198f) found that high-turbulence flows in

a rectangular spillway fitted the following vertical

distribution of mean velocity.

r = rrn $/y^)o' 
158

(20 )

where v- is the maximum velocity at the surface
m

Y = I*. Integration of Equation (20) to obtain the

depth-averaged velocity Vo shows that v, - 1.158 Vo

and that v = 1.038 Vo at y/y^ = 0.5. These values

are in reasonable agreement with the data in Table 1;

clearly Equation (20) is not valid at the edge of the

jet (y = O) r ,rhich, in any case, is di f f icul t  to def ine

precisely when it enters air. Taking Equation (20)

as the basis, it can be shown that the kinetic energy

head EO and the momentum flux ff of the jet due to its

veloci ty are

Et  =  1 .053 v  o2  /ze (2L)

= 1.019 e Bo\Vo2 (22)

Pressure fluctuations in the jet at its point of exit

from the vertical pipe were measured using the

total-head pitot tube described in Section 4.1. The

measurements were used to calculate values of the

pressure coeff icient

M
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2p- rms (23)
2

oV' o

where p___ is the root-mean-sguare pressure- rms
fluctuation on the eentreline of the jet and Vo is the

mean exit velocity of the jet ( = diseharge/fLow

area). Values of C^' or.r" found to be in the rangep

f l .6% to  11 .0% for  je t  ve loc i t ies  be tween 4 .9  m/s  and

6 . 6  m / s  ( s e e  T a b l e  2 ) .

The above results can be used to estimate the

approximate intensity of the velocity fluctuations in

the jet if it is assumed that the instantaneous

kinetic energy of the fluid is converted into dynamic

pressure at the pitot without loss of energy (ie in

accordance with BernoulI i 's equat ion).  The precise

relationship depends on how m:ch the turbulence varies

with direct ion (e.g. whether i t  is isotropic) and on

the shape of its probability distribution (eg whether

i t  is Gaussian).  I f  the turbulence level is

relatively Iow, then to a first approximation the

turbulence intensity is given by

t l

p (24)

where v___ is the root-mean-square velocityrms
fluctuation on the centreline of the jet. The

measurements from the pitot tube indicate approximate

va lues  o f  e  in  the  range 5 .8% to  5 .5  % (see Tab le  2 ) .

ltre local turbulence intensity on the centreline of

the jet

(25)

was also calculzited assuming the centreline velocity
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to  be  v  =  l . l88  Vo,  as  g iven by  Tab le  1 .

The distribution of entrained air within the jet

produced by operation of the air supply system was

measured using the void meter described in Section

4.2, The method of measurement was similar to that

used for the veloci ty prof i les, with the jet

discharging freely and with the probe mounted just

below the exit plane of the pipe. The tests were

carr ied out at the 50% f low rate (Vo 3.33 m/s) and

at two mean air concentrations Co = 10% and Co = 207"

(with Co def ined as in Equat ion ( i5)) .  The

concentration profiles measured along the same three

Iongitudinal sections as before are plotted in Figure

8 and listed in Table 3. It can be seen that the air

distribution was reasonably uniform across rnost of the

thickness of the jet, but that each profile was not

perfectly s5rmmetrical about the mid-point. This

non-unformity oceurred because the inlet manifold was

supplied from one side only; as a result more air

emerged at the far end of the manifold where the

static pressure within the perforated pipe was

higher.

As explained in Sect ion 4.2, the void meter was

self-calibrating. However, its accuracy was checked

independently by calculating, for each measuring point

in the pipe, the product of C/Co from Table 3 and the

corresponding velocity ratio v/Yo from Tab1e 1.

Assuming no slip between the air and water and no

change in velocity profile due to the addition of the

air, one would expect the value of the product,

averaged over the cross-section of the jet, to be

equal to unity. The average values of the quantity

(CvlCoVo) were in fact calculated to be 0.86 for the

test with C = L0% and 0.94 fot the test with C =
o o

2O%. This degree of agreement is considered

satisfactory given the nature of the measurements and
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assumptions, and confirms the usefulness of the void

meter. Photographs of the jet discharging freely into

air were taken in order to study its development and

rat,e of o<pansion; a representative selection is

presented in Plates l-6. The rate of expansion 0 of

the outer edge of the jet on its shorter side (Bo =

67rrn) was calculated fron

o = tan- l  t (B-Bo) /zJ (26)

where B is the mean thickness of the jet at a level z

below the pipe outlet. The corresponding angle for

the long side (Wo = 200nmr) was determined by

substituting W and Wo for B and Bo in Equation (26).

The values of 0 obtained fron the photographs are

given in Tab1e 4. In the absence of diffusion

effects,  the fal l ing jet  would contract as i ts

velocity increases with distance below the pipe exit.

An approximate estimate of the rate at which a

two-dimensional jet would oqpand in the absence of

gravitational effects can be found from

o' = tan-1 + 2gz/Y o2l-% I  e7)

which assu$tes that the flow is uniform and that

potential energy is converted without loss into

kinetic energy. Using the data in Table 4 for the

short  s ide of the jet  at  z = 0.564m gives values of e '

be tween 2 .60  (a t  Vo =  2 .45  m/s)  and 3 .Bo (a t  Vo =  4 .26

m / s ) .

LBr ? (t
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5.2  Tes t  cond i t ions  fo r

impact tests

Pressures on the floor of the plunge basin in the area

of jet  impact were measured for a range of veloci t ies,

water depths and air concentrations. Five pressure

transducers were located with the following

co-ordinates relative to the extrapolated centreline

o f  the  je t  p ipe  (see F igure  5) .

Transducer x/Wo

A O

B O

c  0 . 3

D  0 . 3

F  0 . 6

v/B- o

0

n o

0

0 . 9

0

Transducers A and C were therefore within the jet and

B , D a n d F o u t s i d e .

Tests were carr ied out with the jet  pipe ei ther

discharging about 0.12m below the water surface in

the plunge basin or discharging freely into air to

produce a plunging jet. The conditions investigated

with the submerged jet were:

I n i t i a t  v e l o c i t y  V o  =  3 . 3 ,  5 . 0 ,  6 . 6 m l s

Je t  leng th  in  water  L*  =  0 .3 ,  0 .7m

Air concentrat ion Co = 0 ,  IA, 20%

All combinations of Lhese values were tested except

that it.was not possible to achieve the maxirmrm

velocity of Vo = 6.6m/s at Co = 10% and 20%,
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In the case of the tests with the plunging jet, the

exit  of  the pipe was located at a height of  H = l .3m

above the floor of the basin. The conditions

invest igated were:

I n i t i a l  v e l o c i t y  V o  =  3 . 3 ,  5 . 0 ,  6 . 6 m l s

J e t  l e n g t h  i n  a i r  t ^  =  1 . 3 ,  0 . 9 ,  0 . 5 m

Jet  length  in  water  L*  =  0 ,  0 .4 ,  O.Bm

Air concentrat ion C^ = 0, 10, 20%

A11 combinations were tested except that firstly the

maximum velocity could not be achieved when air was

added, and secondly the relationship between tu and L*

was f ixed by the geometry of the r ig (Lu H - t t r) .

A value of L__ = 0 indicates that the jet impingedw
directly on to the floor of the basin without any

imposed tai lwater,

The dynamic pressure due to the impact of the jet was

obtained by subtracting from the transducer reading

the hydrostatic pressure corresponding to the measured

water depth h. The mean dlmamic pressure p was

expressed in terms of the dimensionless coefficient

2p

pV?
(28)

where V., is the velocity of the water entering the
I -

plunge basin. In the ease of the submerged jet ,  V,

was equal to the exi-t velocity Vo. In the case of the

plunging jet ,  Lhe water veloci ty increased before

impact so for the purposes of the analysis it was

assumed that

,12
" 1

2
V -  +  2 s . L

v d
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This is a simplification but secondary effects due to

the non-uniform velocity distribution, diffusion and

energy dissipation are difficult to quantify.

Equivalent coefficients for the maximum and minimum

dynamic pressures, pmax 
"rd 

p*ir,, recorded during a

test were defined as

, ' l -

p

2(p*"* - n)
(30 )

2
pV ;

2 ( p  - p )- m1n
C =

P

I

P

and the

p Y2t
(3 r )

where p is the mean dSmamic pressure.

I\so alternative coefficients for describing the

root-mean-square fluctuation in dynamic pressure,

p were considered:- rms,

2 p- rms (32)

T=p

. ,2
P  u l

turbulent, pressure

Pr*"
(33  )

Statistical and spectral analyses of the pressure

f luctuat ions in selected tests were also carr ied out.

The characteristics of a random process can be

described in statistical terms by parameters such as

the mean, standard deviation o, skewness s and

kurtosis k. If N measurements are made of the

intensity
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pressure f luctuat ion

these parameters are

^ = t L ( p ' ) 2  1 %V L N J

r  ,  t . 3

e =  I ( P l

N o 3

S r  , ' , 4

k -  i . t P l
4

N o

t

p relat ive to

def ined to be

the mean, then

( 34 )

(3s  )

( 36 )

A positive value of skewness indicates that the

distribution of the fluctuations is not symmetrical

about Lhe mean and that the median value of the

distribution (i.e the value with a cumulative

probabi l i ty of  0.5) occurs on the negat ive side of the

mean. The value of kurtosis increases as the

distribution becomes more sharply peaked about the

mean ; for a Gaussian normal distribution k = 3. The

stat ist ical  analysis was,carr ied ouL on digi t ised data

f i les, each containing 2 (  = 32.8 k) values recorded

at a sampling rate of 100 Hz ; the duration of each

f i le was therefore approximaLely 5.5 minutes. The

same files were analysed using the Fast Fourier

Transform technique to determine the freguency spectra

of the fluctuations ; smoothing of the Fourier

components was carried out so as to result in 52

spectral values at frequency intervals of

approximately 0.98 Hz up to a maxirm:m frequency of 50

Hz.
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5 .3 Mean impact

Pressures

fmpact pressures were recorded as described in Section

5.2 fot  a total  of  35 test condit ions plus one repeat.

The number of measured values lras therefore 36 tests x

5 transducers x 32,768 measurements per transducer

per test = total  of  5.9 x 106 values. The computed

results for each test are given in Appendix A.

Attention will be concentrated in this Section on how

the values of mean dynamic pressure on the floor of

the plunge basin are influenced by jet type, jet

velocity, water depth and air concentration. Jet type

can either be submerged (rectangular pipe discharging

under water) or plunging (discharging first into air).

It should be noted for the submerged case that the

length L_- of the jet i.n water (measured vertically- w

from the pipe exit to the floor of the basin) is less

than the water depth h; for the case of a plunging jet

L-_ = h. Values of mean impact pressure will bew
considered in terms of the pressure coefficient Cn

(Equation (28)) calculated using the mean velocity V,

of the jet  enter ing water (Equat ion (29)),

The variation of mean impact pressure with positions

in the jet is il lustrated in Figure 9, based on the

values given in Table 5. The values were obtained by

dividing the pressures at transducer positions B,C,D

and F by the corresponding pressure measured for that

test at position A, the centre of the jet. Turbulence

in the flow inevitably resulted in some variations in

these pressure rat ios, but several  c lear trends are

evident.  Jet veloci ty general ly had l i t t le effect on
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the values of the ratios, so Table 5 gives an average

for each combination of jet type, water depth and air

concentration. (Individual values for each test can

be determined from the data in Appendix A).

Along the centrel ine of the jet  (ACF), the pressure

distributions were similar for both submerged and

plunging jets and were little affected by changes in

water depth. Outside the jet ,  along the paral lel  l ine

BD, increases in water depth caused an increase in
pressure relative to that at A. Introduction of air

into the jet tended to reduce pressures relative to

that at  A.

T\ro main eonclusions can be drawn from Figure 9.

Firstly, the extrlerimental set-up produced reasonably

uniform two-dimensional conditions in the vicinity of

the jet (compare the overall pressure ratios for A and

C and for B and D). Secondly,  mean impact pressures

decrease rapidly outwards from the jet. At point F,

which is 0.1 W- from the edge of the jet ,  the value ofo .
Cn is typically about 54iA of that within the jet.

Similarly at points B and D , which are 0.4 Bo from

the side of the jet, the ratio is typically about 37%.

The values of mean impact pressure which are most

important for design are therefore those which occur

within the jet. Attention will thus now be

concentrated on the values of C, at points A and C.p
Maximum pressures tended t,o occur at point C in the

tests without air injection and at point A in the

tests with air injection. Since the differences were

relat ively smal l  (see Table 5),  average values for Cn

at A and C are considered in the following

comparisons.
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Figure I0 shows for the case of no air  in ject ion a

correlat ion between the coeff ic ient Co of mean

dynamic pressure and the ratio L.-/81,'where \., is the
w  t '  w

length of the jet in water and B, is estimated from

Br=Bo (37 )
v 1

The data for the submerged jets show that the values

of C- are almost independent of flow velocity.
p

Simi lar ly good agreement wi l l  be seen later for other

parameters of the submerged jets. This is encouraging

because i t  indicates that the results are not affected

by scale effects due to variations in Reynolds number.

Alternatively, this can be viewed as evidence that the

jets were fulIy turbulent and therefore not influenced

by v iscos i ty .

It is notevorthy that the value of Cn can exceed unity

at short  jet  lengths. Evidence from earl ier studies

(see Sect ion 2.2) suggests that the high veloci ty core

of a rectangular submerged jet  wi l l  persist  for a

distance L between about 5.2 B. (Alberston et aI
1,/

( 1 9 4 8 ) )  a n d  8 . 3  8 1  ( B e l t a o s  &  R a j a r a t n a m  ( 1 9 7 3 ) ) .  T h e

Iatter value corresponds closely to the point where

C- = 1.0 in the present tests.  C- can exeeed unity
p ' p

because i t  is calculated using the mean jet  veloci ty

V1. The measurements of velocity distribution within

the jet  (see Sect ion 5.1) showed that at  the point of

discharge the velocity on the centreline was about

1.16 times the mean velocity. Thus the maximum value

of  Cn to  be  expec ted  is  1 .  L6 '  =  1 .35 :  the  la rges t

value measured in these tests was 1.32. The effect of

a non-uniform velocity distribution within a jet does

not appear to have been considered in previous

s tud ies .
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The data for the plunging jets show a similar trend

but with rather more scatter than in the case of the

submerged jets.  Part  of  this nay be due to greater

turbulence in the plunging jets.  A1so, the plott ing

position of a data point is affected by the value of

B' which is estimated only approximately by equation

(37).  Nevertheless, there is clear ly some dependence

of Cn on f low rpte at lower values of L*/  Br.  This is

to be expected because the effect of a plunging jet is

Iikely to be partly dependent on a Froude-type
4

parameter such as Y r/  (EL*) '" .

The results for zero tai lwater (L*/8, = 0) l ie below

the trend of the other points, and need to be

considered separately because of the di f ferent

behaviour of the f low. tess recovery of pressure

head (and therefore more energy dissipi tat ion) than

expected occurs when there is no tailwater. In fact,

the plott ing posit ion of Lw/Br is not str icLly correct

because the impacting jet does produce a thin water

cushion on the f loor of the basin.

Figure 10 also shows a plot of  Equat ion (4) which

Beltaos & Rajaratnam ( L973) obtained for air jets in

air  for values of L*/B, betr ,reen 14.0 and 67.4. The

agreement is good considering the differences in

nature and scale between the two studies. Neglecting

the data for zero tai lwater,  the other results in

Figure 10 for plunging and submerged jets can be

described rather more simply and accurately by the

Iinear equation

co=o%
- 2

c  =  1 .613  -  8 .224x I0  (L  / 8 . )  ( 38 )
pw
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which has a correlat ion coeff ic ient of  r  = -0.943.

The estirnated maximr:m value of Cn = 1.35 (see above)

occurs for L--/8, < 3.2. Ttre impact pressures in
w r

Figure 10 are higher than those recorded by Withers

(1989) for c ircular plunging jets (see Sect ion 2.2).

Corresponding results for values of Cn with injected

air concentrations of Co = 20% are shown in Figures 11

and 12 respectively. The addition of air reduces the

mean impact pressures for both the submerged and

plunging jets. In the case of zero tailwater, the

change from 10% to 207" air concentration produced

larger reductions in Cn than occurred with finite

tailwater depths.

Neglecting data for t*/B, = 0, Lhe other results in

Figures 1l and 12 can be described quite well by

linear relationships similar to Equation (38). The

following best-fit equations were obtained.

c  =  I . 447  -  B .528x lo - '&  / g . )p  w .  r -

c  =  1 .361  -  8 .474xL0 - ' 0 .  / n . )p  w .  r '

Co=L0%:

Co=  20% z

(3e)

(40 )

The correlat ion coeff ieients were r  = -0.970 and
-0 .963 respec t ive ly .

Comparison of Equat ions (38),  (39) and (40) shows that

the best-fit l ines have almost equal slopes and that

the intercepts at L*/Br=0 vary smoothly with Co. A11

the data for submerged and plunging jets (except those

for zero tailwater) can therefore be described by the

following best-fit equation (with rounded

coeff ic ients)

ap =  1 .6  ( l - co ) t ' o  -  
+  

(Lw lB l )

40

(41 )



A comparison between the measured values of Cn and

those predicted by Equat ion (41) is shown in Figure

13. An equivalent result  that gives conservat ive ( ie.

high) values of Co relat ive to a1l the test data from

the present study is

0 o 9
(42)

This equat ion could be sui table for design purposes,

but in some cases it does overpredict considerably

relative to the measured values of mean dynamic

pressure .

I-nc p  =  1 . 8  ( 1  -  C o )

Equat ions (4f)  and (42) do not

zero tailwater. The amount of

condit ion is not suff ic ient to

certainty an equivalent type of

C_ to the dimensions and energy
D

parameters which might inf luence

apply to the case of

data obtained for this

establ ish with

correlat ion relat ing

of  the  je t .  Poss ib le

C arep

o  t t
n f - %

( g  L a ,B 1

uru
( g  B r ) "  '

v,' u
(E  L^ ) "

where L^ is the length of the jet  in air .  Values of
d

the first two parameters did not vary greatly in the

tests so are unlikely to account for the significant

variations in C which lrere observed. The second twop
parameters are relevant to the evolution of the jet in

its fal1 through the air. Figure 14 shows the values

of  C-  fo r  zero  ta i lwater  p lo t ted  aga ins t  V- / (e t - )%.p  o ' - " a
The validity of using Lu in the parameter cannot be
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5.4 Fluctuating

impact pressures

confirmed from the present data because it was not

varied in the tests. More results are therefore

needed to establish whether Figure 14 is a useful

method of correlation. However, in terms of

appl icat ions, the case of zero tai lwater is less

important because a reasonable depth of water will

normally be available in plunge basins for high-head

dams.

Measumements relating to the characteristics of the

turbulent pressure fluctuations on the floor of the

impact basin are listed in Appendix A. For each test

and transducer position, values are given of the

maximum positive and negative pressure fluctuations

and of the root-mean-square (rms) values. These

values are also expressed in terms of the

non-dimensional pressure coefficients Cl , T-, c] andp  P '  p
C^ de f ined by  Equat ions  (32) ,  (36) ,  (3b)  ane (31 i
P

respect ively.

fn a limited nunber of cases, the recorded pressures

occasionally reached the measurement limits of the

transdueers of about + 5.1m and 0.0m head of water

(relative to atmosphere). In some instances

discontinuous spikes ocurred in the signals. These

are believed to have been caused by electrical

interference, and were therefore removed frorn the

records before the statistical analysis was carried

out. The other instances were considered to have been

genuine fluctuations which were truncated because the

mean pressure was too close to one of the measurement
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l imits. The majority of the records were not subject

to any such problems. In those that were, the 'rerror'l

rate did not exceed about I in 1000 and was typically

L ot 2 in 10000. The effects on the values of the

root-mean-sguare fluctuations were therefore

negligible. The truncation of a fluctuation would,

however, have caused the maximum or minimum value of

pressure in a test to be underestimated. Cases where

this occurred are marked in Appendix A by an asterisk

next to the relevant value of C 1 or C
r D

Study of the values of the pressure coefficients
^ l  _ +ap, Cf and Cn shows that the amount of turbulence in

a particular test was fairly constant at all five

measuring positions. Ttre largest values of Clp
occurred at A, C or F on the centreline of the jet,

but positions B and D sometimes ocperienced the

Iargest values of Cl or C] . This contrasts with thep p
behaviour of the mean d5rnamic pressure, maximum values

of which always occurred at A or C within the jet (see

S e c t i o n  5 . 3 ) .

Figure 15 shows the
I

value of C for al lp
Lv/BL described in Seet ion 5.3.

tests,  with and without air  in ject ion, are plotted.

The data for the submerged jets and the plunging jets

are separately consistent, and define two distinct

curves as indicated in Figure 15.

Considering the plunging jets first,

(neglecting two aerated tests at low

approximately constant betwssn T._-,/B,

region corresponds to the "flow-establishmentrr zone

(see Section 2.1 and Figure 1) where the high-velocity
I

core is st i l l  coherent.  The ranee of C = 0.09 to- D

correlation

five gauges

between the average

and the parameter

Results for all the

the value of C'p
velocity) is
= 0 and 7; this
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0.12 is very similar to the root-mean-square figure of

C_ =  0 . l l  to  0 .12 'measured in  the  f ree  je t ,  us ing  thep
pitot  tube (see Table 2).  As the core of the jet

begins to break up beyond L*/Br= 7, flow energy is

converted into turbulence energy. The value of C-
v

therefore r ises to a peak of about 0.20 aE L*/8, =L2.

Beyond this point, the turbulence energy appears to

decay or diffuse more rapidly than the rate at which

it is generated by further break-up of the

high-velocity core. The results in Figure 15 compare

quite closely with the measurements made by Withers

(1989) for c ircular plunging jets (see Sect ion 2.2)

Turbulence in the submerged jets was lower than in the

plunging jets but appears to follow a similar pattern.

The good consistency of the results obtained at

different flow rates indicates that the submerged

jets were fully turbulent and had self-sirnilar

velocity distributions .

Figure 15 shows t

l i t t le effect on

zero tai lwater.

re-plotted in Figure 1.6 versus the parameter
u

Yo/ (g L.)"  discui;sed in Sect ion 5.3. Al though the

validity of this parameter cannot definitely be

established from the limited number of measurements,

it does help identify a pattern in the results. Below
u

a value of Yo/ (e L")" = L.5, addit ion of air promotes

the break up of the jet and increases the level of

turbulence.

Figure 17 is sinilar in t1rye to Figure 15 but shows

for each test the maximum value of Cl recorded at anyp
of the iirr" *"u"uring positions. The results follow a

similar pattern to that in Figure 15, with an

estimated peak value of Cl = O.27 occurring at aboutp
L * /B r=  11 .5 .

hat
I

cp
The

the amount of air in the jet had

, except in the special case of

data for this condition are
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An alternative view of the data is obtained by

plotting in Figure 18 the average root-mean-square

pressure coefficient against the mean dynamic pressure

coeff ic ient ( i .e average C' versus C ).  The results- p p -

for submerged and plunging jets are again separately

consistent and are little affected by the amount of

injected air .  In the case of plunging jets,  the

turbulence is a maximum when the mean dynamic pressure

coeff ic ient is approximately C- = 0.65; for the- P

submerged jets, the corresponding condition oecurs at

about  C =  0 .8 .p

Data on the largest positive and negative pressure

fluctuations recorded in each test by any of the five

transducers are presented in Figure 19. Values of the

coefficients C: and C* are plotted against thep p
parameter L /8. and show si-rnilar trends to those seen- w r

in Figures 14 and 15. For plunging jets, the maximurn

value of C] is estimated to be about 2.0 and occursp
when r.--lB, = 10.5. The negative fluctuations aboutw r

the mean are smaller with a maximum of about C = -0.8
p

at L_,/8.= 7.5. Turbulence levels were lower in thew r
jets, and the extreme fluctuations were therefore also

less with peak figures of about Cl = 0.9 and
v

C- = -0.0. The probabil i ty of ealh of the pointsp
plotted in Figure 19 is estimated to be of the order

- 5
of 2x10 (based on one maximum and one minimum reading

out of 5 x 32,768 values, and assuming fairly uniform

turbulence at all five measuring positions).

The results for zero tailwater in Figure 19 show

considerable scatter, and are therefore re-plotted in
u

Figure 20 versus the parameter Vol (E L^)". As in the

case of Figure 16, this method of correlation
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indicates that the amount of air in the jet begins to

affect the turbulence level when Vol G t^)% is less

than 1.5. Further data are needed to confirm the

relevance of L_ in this parameter.
a

Statistical and spectral analyses \rere carried out on

the recorded pressure fluctuations. Figures 2I to 24

show plots of the non-dimensional probability density

(pd) distributions for pressures reeorded at

transducer A (centre of jet) and transducer B (outside

jet,  see Figure 5) in Tests 8 and 9 (plunging jets

with no air  in ject ion, see sheets A.9 and A.10 in

Appendix A). These are reasonably typical of the

results obtained in other tests. The distributions in

Fi.gures 2L to 24 are positively skewed so each median

value lies on the negative side of the mean. When

considering possible damage to stil l ing basins due to

extreme pressure fluctuations, Lopardo et aI (1984)

suggested use of an exceedance probabi l i ty of  0.1%.

In the present tests, this limit corresponds very

approximately to 2.5 standard deviations for negative

fluctuations and 4 standard deviations for positive

fluctuations. The pd distributions are generally more

peaked than the Gaussian distribution, which is also

shown plotted in Figures 2L to 24.

Considering all the tests carried out, 89% of the I80

distributions were positively skewed. The average

value of skewness (see Equation (35)) was about

s  =  0 .6 ,  w i th  ex t remes o f  -1 .5  and +4.3 .  A11 bu t  one

of the distributions with negative skewness occurred

at positions A and C within the jet and were most

corrnon in the case of zero tailwater. The average

value of kurtosis (see Equat ion (36) )  for al l  the

tests wds about k = 5, which compares with k = 3 for a
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Gaussian distribution. Addition of air to the

plunging jets caused the peakedness of the

distributions to increase, typically from k = 4 to

k = 6 ; the maximum value recorded with a plunging jet

was k = 17 (though we have some doubts about the

accuracy of the DATS analysis package when dealing

with such sharply peaked distributions).

Representative results obtained from spectral analysi.s

of the pressure fluctuations are shown in Figures 25

to 28. All the plots are for transdueer A j.n the

centre of the jet and illustrate the followi.ng test

conditions:

Figure 25 - submerged jet with no air injection
(Test 15, Sheet A.2)

Figure 26 - plunging jet with no air injection

(Test  B,  Sheet  A.9)

Figure 27 - submerged jet with Co = 2O7"
(Test  22,  Sheet  A.28)

Figure 28 - plunging jet with Co = 2,07,

(Test 34, Sheet A.32)

AI1 the plots show that the turbulence energy is most

concentrated at the lowest frequencies. The spectra

do not exhibit any well-defined peaks so it is not
possible to relate a rrcharacteristic" freguency to the

particular flow conditions in the jet. Instead the

energy decreases fairly steadily with increasing

frequency and in most cases becomes relatively

insignificant beyond 25H2.

The frequencies in Figures 25 to 29 ate those measured

in the present tests, so it is necessary to consider

47



how they are related to turbulence frequencies in

prototype jets. As discussed in Section 1, the

prinary factors likely to determine fluctuation

frequencies are the dirnensions of the jet and its

velocity (note gravity is not a dominant factor here).

Also, results presented above have demonstrated that

the jets were ful1y turbulent with self-sfuni1ar flow

characteristics. On this basis, it is oq>ected that

frequencies measured in these tests can be related to

freguencies in prototype jets by the relation

f t  vt  Bz

\ 
=T.\ (43)

f
m

- - = A
t

p

ff a prototJape plunge basin is studied using a

Froudian model, with the jet thickness and water depth

scaled correctly, then the model and prototype

frequencies (fm, fn) will be related to the geometric

scale of l : t r  by

0 o 5
(44)

Froudian scaling is necessary in such a model because

mean impact pressures and the evolution of the jet in

air are influenced by the parameters Vrl(sl*)% ana
1A

V o l ( g L " ) ' "  ( s e e  S e c t i o n  5 . 3 ) .

1. This study has investigated the mean and

fluctuating pressures imposed on the horizontal

floor of a plunge basin by a vertj-caI rectangular

jet of high-velocity water. The characteristics

of two types of jet have been considered :

submerged jets diseharging under water into the

plunge basin ; and plunging jets discharging

CONCLUSIONS
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2 .

vertically into air before entering the plunge

basin. Factors which were studied included jet

velocj-ty, depth of water in the plunge basin and

amount of air in the jet.

Measurements of velocity and pressure

distributions showed that the aspect ratio of the

the jet pipe used in the tests (w"idth = 3 x

breadth) was sufficient to produce

two-dimensional flow condi-tions in the central

region of the jet. The results also demonstrated

that the jets were fu11y turbulent with

self-similar flow characteristics. the

turbulence, intensity e at the point of discharge

fron the jet pipe was about 5-6%.

The pressure acting on the floor of a plr.mge

basin consists of three components : the

hydrostatic pressure due to the depth of

tailwater in the basin ; the mean dynamic

pressure produced by the irnpact of the jet ; and

fluctuations about the mean due to turbulence.

The mean dynamic pressure was found to be

dependent on the ratio between the jet length in

water and the thickness of the jet at funpact with

the water surface. . Increasing the amount of air

in the jet decreased the impact pressures. Ttre

best-fit eorrelation for the mean dynamic

pressure beneath the centreline of the jet

(either plunging or subrnerged) is gi-ven by

Equation (41). An alternative correlation which

provides conservative (ie high) estimates of mean

pressure relative to all the measurements is

described by Equation (42). Outside the jet,

pressures were found to decrease rapidly with

horizontal distance from the centre.

3 .

4 .
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5 . Mean impact pressures on the jet centreline are

presented in Figure L4 for the special case of

zero tailwater in the plunge basin. More data

are needed to investigate the effect of the jet

length in air.

The characteristics of the fluctuating impact

pressures due to turbulence in the basin were

measured in terms of root-mean-square (rms)

values, extreme maximurn and minirn:m pressures,

statistical properties and spectral density

distributions.

Ttre rms pressure fluctuations were found to

decrease mrch less rapidly with distance from the

centre of the jet than in the case of the rnean

dynamic pressure. AIso, adding air to the jet

had little effect on the level of turbulence,

qq)ect when there was zero tailwater. The

measurenents of the average rms pressure are

shown by the correlation in Figure 15. This

shows that the turbulence initially increases as

the jet breaks up and reaches a naximum when the

depth of water in the plunge basin is about 10 to

12 times the transverse thickness of the

rectangular jet at irnpact with the water

surface. The results for the special case of

zero tailwater are given in Figure 16.

The values of the extreme maximum and minimum

pressure fluctuations recorded in each test at

any of the five measuring positions (two inside

the jet, three outside) are plotted in Figure 19,

and Figure 20 shows the results for the case of

zero tailwater. The probability of occurrence of

each data point is estimated to be of the order

of 2x10-5. For design purposes, extreme

pressures are sometimes calculated on the basis

6 .

7 .

8 .
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9 .

of an exceedance probability of 0.f%. In this

study, such a probability was for.md to correspond

approximately to 2.5 tirnes the rms value for

negative fluctuations and 4 times the rms value

for positive fluctuations.

Spectral analysi.s of the fluctuations showed that

the turbulence energy was most concentrated at

frequencies of 0-3Hz with a fairly gradual

decrease to 1ow energies beyond a frequency of

about 25H2.

Ttre results of the study confirmed (within the

olperimental range) the validity of using

Froudian scaling for model tests of plunge

basins.

Further work is recosmended to investigate over a

larger range how the fa1l height of the jet in

air and its initial 1evel of turbulence influence

the inpact pressures on the floor of the basin.

10 .

11 .
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TABLES.





TABLE I Distribution of mean veLocity i.n free jet

(a) y/Bo = o

Local velocity / Mean velocity (v,/Vo)

x/llo Vo= 3 .33  n /s Vo= 4 .98  m/s Vo =  6 .65  m/s Average

-  0 .48
-  0 .45
-  0 .40
-  0 .35
-  0 .30
-  0 .25
-  0 .20
-  0 .15
-  0 .10
-  0 .05

0
0 .  05
0 .10
0 .  15
0 .20
a.2s
0 .  30
0 .  35
0 .40
0 .  45
0 .  48

0 .7  49
0 .  918
1 .049
1 .096
1 .  164
1 .  186
1 .  186
1 .  197
1 .  197
L .207
1 .207
1 .207
1 .  197
1 .  186
1 .  186
1 .  164
1 .  153
1 .  119
1 .061
0 .946
0 .783

1 .  196
1 .191
1 .191
1 .  186
I .  L77
1 .  167
t .  L42
1 .  101
1 .037
0 .939
0 .793

1 .  175
1 .  178
1 .  178
I .T73
1 .L67
1 .  153
1 .  134
1  .090
1  .020
0 .907
0 .730

1 .  193
1 .  192
1 .  189
1 .  182
t . 177
f  .  i 61
1 .143
1 .  103
1 .039
0 .931
0 .769



TABLE

( b )

I  ( C o n t ' d )

y / B o  =  0 . 2 5

Local velocity / Mean velocity (v/Vo)

x/Wo V o =  3 . 3 3  m / s V o =  4 . 9 8  m / s V o  =  6 . 6 5  m / s Average

-  0 .48
-  0 .45
-  0 .40
-  0 .35
-  0 .30
-  o .2s
-  0 .20
-  0 .15
-  0 .10
-  0 .05

0
0 .05
0 .  10
0 .  15
o.2a
0 .25
0 .30
0 .35
0 .  40
0 .  45
0 .4B

0 . 6 7 8
0 . 9 4 6
t . 0 2 4
1 . 0 8 4
1 .  1 0 8
1 . 1 1 9
1 .  1 3 1
1 .  1 3 1
1 . 1 3 1
L . L 4 2
r . t 42
1.  I42
1 .  131
1 .  108
1 .  108
I  . 096
1 .073
1 .049
t . 024
0 .932
0 .750

1 .064
1 .064
1 .064
1 .048
1 .048
1 .037
1  . 015
1 .  003
r .975
0 .945
0  . 771

1 .063
L .O7  2
1 .075
i . 075
1 .069
1  n ( 1

1 .036
1 .  023
0 .991
0 .948
0 .801

1 .090
1 .093
1 .090
L .O77
1 .075
1 .061
1 .041
1 .025
0 .997
0 .942
0 .77  4



TABLE

( c )

1  ( C o n t ' d )

y / B o  =  0 . 5

Local veloci ty /  l {ean veloci ty (v/Vo)

x/Wo Vo=  3 .33  m/s Vo= 4.98 m,/s Vo =  6 .65  m/s Average

-  0 .48
-  0 .45
-  0 .40
-  0 .35
-  0 .30
-  0 ,25
-  0 .20
-  0 .15
-  0 .10
-  0 .05

0
0 .05
0 .  10
0 .  15
0 .20
0 .25
0 .30
0 .  35
0 .40
0 .  45
0 .48

0 .576
0 .  678
0 .783
0 .815
0 .  861
0 .861
0 .890
0 .905
0 .918
0 .918
0 .932
0 .918
o .932
0 .905
0 .890
0 .  861
0 .846
0 .831
0 .831
0 .783
o .697

0 .908
0 .914
0 .914
0 .889
0 .882
0 .863
0 .842
0 .  829
0 .808
o.77 r
0 .702

0 .871
O.  B7B
0 .878
0 .885
o .87  4
0 .863
0 .837
0 .8  i 7
0 .829
0 .794
0 .726

0 .904
0 .903
0  .908
0 .893
0 .  882
4 .862
o .842
0 .826
o .823
0 .  783
0 .  708



TABLE 2 Turbulence intensities in free jet

Mean jet
velocity

vo

(m/s)

Rrns pressure coeff
for pitot tube

t l
cp

(%)

Mean turbulence
intensity

€

(%)

Local turbulenee
intensity

€1

(u)

6 .65

6 .  16

4 .87

11 .0

11 .9

11 .6

5 .5

5 .9

5 .8

4 .6

5 .0

4 .9



TABLE 3 Distribution of air concentfion in free jet

(a )  y /Bo =  o ,  Vo= 3 .33  m/s

x/No Local air concentration / ltean air concentration (C/Co)

Co = 10% Co = 2O% Average

-0 .  48
-0 .  45
-0 .40
-0 .  35
-0 .  30
-o ,25
-0 .20
-0 .  15
-0 .  10
-0 .05

0
0 .05
0 .  10
0 .  15
o .20
0 .25
0 .30
0 .  35
0 .  40
0 .  45
0 .48

o .42
0 .67
0 .7s
0 ,75
0 .  83
0 .86
0 .89
0 .92
0 .98
1 .00
1  . 05
1 .07
t .  10
1 .  15
1 .  10
1 .  10
1 .  10
I  . 08
1 .07
t . o2
0 .48

0 . 5 8
0 . 7 9
0 .  B 1
0 . 8 5
0 .  8 8
0 . 8 9
0 .  8 9
0 .  8 9
0 . 9 4
0 . 9 9
1  . 0 0
1  . 0 2
1  . 0 5
I  . 0 9
1 . 1 1
l .  1 5
1 .  1 5
1.  l s
1 .  15
1 .  1 4
0 . 5 7

0 .50
0 .73
0 .78
0 .  B0
0 .  85
0 .  87
0 .  89
0 .90
0 .96
0 .99
1 .03
1 .05
1 .08
1 .L2
1 .11
l .  13
1 .  13
L .L2
1 .  11
1 .08
0 .  53



TABLE 3 (Cont 'd)

( b )  y l B o  =  0 . 2 5  ,  V o =  3 . 3 3  m / s
&

x/wo Local

co=

air

r0%

concentration / Mean

I  co=20%

air concentration (C/Co)

I Averaee
t -

-0 .48
-0 .45
-0 .40
-0 .  35
-0 .  30
-0 .25
-0 .20
-0 .  15
-0 .  10
-0 .  05

0
0 .05
0 .  10
0 .  15
0 .  20
0 .25
0 .30
0 .35
0 .40
0 .  45
0 .48

o.37
0 . 7 1
o .7  4
o .7  4
0 .77
0 .  B0
0 .  83
0 .  87
0 .92
0 .96
1  . 06
1 .  08
r .o7
1 .  1 0
1 .  1 4
1 . 1 1
1 .  1 0
1 .  1 4
1 .  1 8
1  . 0 7
0 .  3 5

0 .  4 8
0 . 7 9
0 .  8 4
0 .  8 6
0 .  8 7
0 .  8 9
0 . 9 0
o.92
0 . 9 6
0 . 9 9
1 . 0 1
1 . 0 4
1 . 0 6
1 . 1 2
r .  t 2
1 .  16
1 .  17
L .L7
1 .  17
1 .  14
0 .  54

0.43
0 .7s
o .79
0 .  B0
o .B2
0 .  84
0 .  86
0 .90
0 .94
0 .97
1 .04
i . 06
1 .07
1 .11
1 .13
1 .  14
1 .  14
1 .  16
1 .  18
1 .  11
0 .45



TABLE 3 (Cont 'd)

( c )  y , / B o  =  0 . 5 ,  v o =  3 . 3 3  m / s

x/Wo Loca1 air concentration / llean air concentration (C/Co)

Co = 10% Co = 20% Average

-0 .  48
-0 .  45
-0 .40
-0 .35
-0 .30
-0 .25
-0 .  20
-0 .  15
-0 .  t 0
-0 .  05

0
0 .05
0 .  10
0 .  15
0 .20
0 .25
0 .  30
0 .35
0 .40
0 .45
0 .  48

0 .60
0 .34
0 .39
0 .36
0 .41
o  . 47
0 .61
0 .  35
0 .35
0 .32
0 .41
0 .42
o .26
0 .27
0 .29
0 .37
0 .31
o .44
0 .  48
0 .80
0 .37

0 .91
0 .75
0 .70
0 .72
0 .77
0 .79
0 .80
0 .81
0 .82
0 .  89
0 .67
o .62
0 .55
0 .54
0 .  59
0 .57
0 .  86
0 .87
0 .  89
0 .90
0 .  51



TABLE 4. Rate of ocpansion of free jet in air

* Values calculated from six measurements and not ei-ght as for others

Initial jet
velocity

v
o

(n/s)

Distance below
jet exit

z

(m)

E:cpansion rate 0 (degrees)

Long side Short side

av st dev av st dev

2 .45
2 .45

3 .  15
3 .  15

4 .26
4 .26

0 .104
0 .564

0.  104
0 .564

0 .104
0 .  564

3 .3x
1. .  1*

5 .0
2 .L

6 .5
3 .7

0 .7 *
0 .2 *

1 .0
0 .3

0 .8
0 .1

2.3
-o.2

4 .1
1 .0

4 .9
2 .4

0 .8
o.2

0 .8
0 .3

0 .9
0 .5



TABLE 5 Distribution of mean d5mamic pressure

$ =
p =

Submerged jet
Plunging jet

discharging under water
dischargi-ng first into air

Position Water depth

h (m)

Jet $rpe

Value of Cp relative to value at A

Air concentration Co Average

0% 10% 2A%

c 0 .8

0 .4

0

s
P

s
P

P

1 .008
1 .064

t .o29
L , t27

1 .060

0.901.
o .973

0 .910
0 .894

0 .999

0
0

0
0

0

926
898

9 1 6
839

9 1 7

0 .961
0 .991

0 .963
0 .978

1 .002

Average 1 .054 0 .935 0 . 8 9 9 0 .978

F 0 .8

0 .4

0

q

P

s
P

P

0 .653
0 .665

0 .484
0 .542

o .592

o.497
0 .550

o.426
0 .504

0.606

o.529
0 .386

o .444
0.  453

0 .617

0 .  s83
o .552

0 .456
0 .506

0 .603

Average 0 .  591 0 .517 0 .486 0 .541

B 0 .8

0 .4

0

s
P

s
P

P

0 .  451
o .7  L6

0 .288
0 .320

o .297

0 .375
0 .501

0
0

0

286
244

1B8

0
0

0
0

374
411

278
194

0 .300

0
0

0
0

0

413
567

285
262

267

Average o.4L7 0 .  319 0 .311 0 .360

D 0 .8

0 .4

0

s
P

q

P

P

o.473
0 .754

o .275
0.  450

0 .  339

0
0

308
484

o.233
0 .305

0 .  199

0 .350
0 .376

o .244
o .235

o .299

0
0

0
0

0

401
569

254
347

279

Average o .467 0 .  306 0 .301 o.37  4

Note :
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Sotid core

Air entrainment

Surface undutations

Air entrainment at point
of impact
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Fig 1 Schematic diagram of jet fatt ing through atmosphere into ptunge
poot (after Ervinel
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CP- :- -.160308J

cAtcljt$Ito YALuts tT PoslIlolt 0

llEtll 0YllAlll0 PRESS|JRT :- .8{9000{
I|AI P0$lIItt PRtSS|JRI FLUCIt|tll0ll :- .9J19999
llAI llEG$Ilft PRESIIJRI f||JCIUAIl0ll :- -.1610001

PflTSSURI COTTFICIEIIT$:
Ip :' .l681Ji{
CP :- .If67?6{
Cp' :- .06ti533
Cpl :- .11i881
Cp- :- -.101559i

cil.c|JLAlf0 fALl,Es Al p0sllloll t

lrtAt{ oYililfic PRtssuRt : -  l . i ?6
llAt POslllYt PRISSI|RE fLUCIIJATl0ll :- .818
llAI ili0elItt pttS$URt fI|JCII|AIl0ll :- -.691

PRESSI|RT COEFFICITIIIS :
Tp
Cp
cp'
cpi
Cp-

: - . 115t6lJ
: - .61?158J
:- 9.185198t-02
:- .38959{i
: -  - .509?19I

A . 6

AIt PIBSSUNB ilEASURBI{BNTS til UBTRSS



0lSClllR0E (rJ/s) 6.6i 6001t-0?

}IUIIEER OF BOAROS

lltlclll 0f OuILil (t) .283

Pl-Ull0E P00L Ltlftl. (r) .105

tArtR IilPtRAIlJRt ( C) 0 l

LHtGilr of Jtr llt AIR (il) :-

tElroilt 0f itl Il{ tcltR {lt) :- .?8J

Yittrllf lll llollLt (llis) :- 1.98?09

YttmllY AT ptt|l{Gt PmL (il/S) :- {.98209

CALCIJI.IIEO IAI|JTS AI POSIIIOII A

llEill 0llltlll0 PRISS|JRI :- 1.636
llAI P0SIIM PRI$SiJRE FI.I|CIUAII0II :- .J590002
llAI llt60fltt PRE$SIIRI fttJCIIJAIl0ll :- -.35J9999

PRTSS|JRE COtf f ICITIIIS :
fp :-  5.012225t-02
Cp :-  1.29?186
Cp' : -  6.{79lJ5t-02
Cpr :- .28J6861
CP- :-  - .2191J18

CAI.C|JLTIEO YALIJES {I POSIIIOI{ 8

lltAll OtllAlll0 PRISSIIRI :- .{190001
llAI POsllllt PRTSSI|RE FIUCIUAII0II :- .5J6
llAt iltGnIlVt PRESSIJRT FI|jCII|AIl0ll :- -.?9

PRTSS[|RI COTFFICITI{IS :

cArct.,urto l|Arl,t$ AI Poslll0ll 0

llt$ll 0ll{Alll0 PRISSI|RE :- .{550001
llAI P0SltltE PRESSi|RI fLUCIUAII0lt :- .531
llAt IIE0AIIYE PRTSSIJRE rIUCIIJAll0fl :- -.165

IRTSSURT COTFFICITIII$:
IP : - .1951065
CP :-  . I595{66
Cp' :- 6.955862t-0?
Cpt :- .{?11828
Cp- :- -.?88{?72

CALCIJI.AITO l|f,LUTS {I POSIIIOII f

lttAt{ 0fil$iltc pnEssl,Rt

IITI POSIIIYI PNi$SURT
IIAT I{T6AIIIT PRTSSIIRE
PRISSURT COTf IICIEI{IS;

:- .180000J
fL0CI|JATl0ll :- .6i6
tt|JCT|JAll0l{ :- -.15{

r P

Cp
cp'
cpt
Cp-

Tp
Cp

cpl
Cp-

Tp
Cp
Cp'
cpt
Cp-

. l50ilJl

. Jt85 r l6
5.689 52trE-02
.26551u
.2291611

.169?30i

.616165J

.101t019

.510{l6i
- . J58i 56

CATCUL{ITO YALUIS AI POSITIOil C

lltAl{ 0fllf,lll0 PRISS|JRI :- 1.668
lltl POSIIITE PRISSI|RI tLUCTUAII0II :- .1170001
IIAX llE0tlllt PRtSS|JRI ttlJCIIJAII0ll :- -.5189999

PRISS|jRE COtf TICIIIIIS :
5.63 5191t- 02
t.u80IJ
t.121989t-02
. ?919098
. { tJ826l

A.7

ALL PRB$SU[8 UEASIJIBI{BIITS I}I I{BTR8S



0lSCllARGt {rUs) ,0{166

il|Jfi8tR 0f 80AR0s

lttl8ttl 0t oUILil (r) .28J

PtUllGt P00t LEYIL (r) . 1

IA]TR IEIIPERAI|JRT { C) 9.8

Ltltoll| 0t ItI tlt AIR {l{) :-

ttl lcll| 0f JtI l l i t{ltR {ll) :- .28J

ttL&llY lll i l0lllt (ll/S) :- J.Ji2836

ftrfflTY Ar PLUllGr P00L (il/s) :- J.JJ28J6

CALClJLfiITO TAT|JIS AI POSIIIOII A

itAil oYilniltc pREsst,Rf

IIAI POSIIITI PRTSS|JRT fI.|JCI|JAIIOII
IIAI IITGAIITE PRESSURT TL|JCTIJAIIO}I
PRTSS|JRT COTFf ICIIIIIS :

.6970001
. l6l
,  l l6

5. I08{65t-02
1.2i0155
6. 53J1 l8t-02
.281292
.310t188

cALCt,tAIt0 tAt|JtS $t P0$iltoil I

lltAll 0YllAlll0 PRISS|JRI :- .18J000I
ItfiI POSITItt PRISSIJRI FLIJCTUAII0I{ :- .19
lltl IIIGAIIYE PRISSIIRI ft|JCI|JAIl0ll:- -.111

PRISSIJRT COTIFICITIIIS :

Ip
Cp
cp'
cpl
Cp-

Ip
Cp
Cp'
cpl
Cp-

Tp
Cp
cp'
cpl
Cp-

CATC|JLAIEO YAT|JES fiI POSIIIOII O

lltAll 0ll{Rlll0 PRISSI|RI :- .119000I
lltl( P0$IIIYE PRTSSIJRE flt|CI|JAII0ll :- .2
llAt llE0AIIvE PRISSIJRI ft|Jcl|JAII0l{ :- -.1{1

PRESSURE COEf f ICIEIIIS:
Ip :- .20l1ll
Cp :- .J160161
C p ' : -  6 . 3 5 6 8 3 8 f - 0 2
Cpl :-  .J5J15t l
Cp- :- -.?51?735

cAtctJLAIt0 vAt|Jts il Poslll0ll f

r{tAlt 0YilAillc PREsstJRt
IIAX POSIIITT PRTSSURE fL|,CI|JAIIOII
ilAI t{t0AIIyf PRISS|JRI rLt.lCI|Jtll0ll
PRTSSIJRT COIFFICIiIIIS :

.110000I
.211
.21?

.185792

. I2Jl399
6.0036818-0?
. Jt51998
.19600?5

.16t6169

.6003687

. 1006199

.1891?t{
-. J7iJ472

cAt_cljtAlto l|AruEs AI Posiltolt c

iltAil 0mAfitc PRtsst,Rt : - . l l5000J
ll{X POSIII'lt PRISSIIRI FLUCItlATI0II :- .166
ItAx llt€tllYt PRISS|JRI FLIJCIIJAII0I{:- -.212
PRTSSIJRT COITFIC ITIIIS :

Ip
Cp
^ tup
cpl
l n -

5.711?8l i -0?
I . ?9i855
i.1t6Jl2t-0?
. ?9J I 209
. J7{ i472

A.B

ArL PnESSUtE I{EASUREI|S}ITS IN |{8TR8S



0 I SCll0R0t ( tl/s ) .08909

lruilStR 0f 80AR0s

flrrGflr 0F 0t|il.il (r) l.t0l

PtullGt P00L LEYEL (r) .78

rArrR rfliPrRnruRr ( c) 0

ttl lOlll 0f ItI l l l AIR (tl) :- .52t0001

tnt0m 0f Iil I|t tAttR (il) :- .t8

{rlmrrY Iil i l0ltLr (il/s) :- 6.618508

VELmllY AI PLtJll0t Pm {il/S):- 7.J85068

CAIC|JIIIIO YALIJTS AT POSIIIOII A

lltAll 0lllAlll0 PRISS|JRI :- 1.6{5001
lltl POSIIIYt PRISS|JRI FIIJCI|JAII0I{ :- 2.trIJ
lltl lltGtllYf PRTSS|JRE ftt|CIUnIl0ll :- -1.551

PRESSIJRT COTf f ICIEIIIS :
lp :- .5191188
Cp :- .5915938
Cp' :-  .188S065
Cp{ :-  .8Jl82tJ
Cp- :-  - .55886?l

Cf,LC|JLAIIO TATUTS AI POSIIIOI{ 8

lltAll 0lllAfll0 PRISS|JRI :- 1.1i?001
ilnI p0slIIYt PRISSURI ft|JclUfllOlt :- ?.J69
ileI iltGillYE PRISSI|RI tLUCI|JAIl0ll :- -1.198

PRTSS|JRT COEFFICIIIIIS:
lo :-  . {0l9J1l
Cp :- .{089011
Cp' : -  .16{J515
Cor :-  .8519665
Cp- :-  - .1J08J81

cil.cljtAlto YALlJts AT PostTt0l{ c

lltAll 0lllAlll0 PRISSURI :- 2.00J001
llAx POSIIIVt PRISSURE FI-I|CIIJAII0I{ :- {.161
llAI l{tGATIYt PRTSS|JRE tLlJCIUAIl0ll :- -2.191
PRTSSI,RI COTf FICITIIIS:

Ip :-  . l?65101
CD :- . l?0J{18
Cp' : -  .2351989
Cor :- l.{91505 )f
Cp- :- -1.005889 ,k

CALC|JI.AIIO YAI.UTS AI POSIIIOI{ O

lrfilt omAtuc pRtsst,Rt :- 1.165001
llAI POSIIIYf PRISSI|RI fL[|CIUAII0I{ :- ?.?ll
lltl llt0AllYt PRtSSURI ftt|CIUAIl0ll :- -l.JI9

PRTSSIJRT COEFiICIIIIIS:
IP :- .J881261
Co :- .{912566
CP' :- .19096iJ
C o r : - . 8 1 6 1 ? 2 8
Cp- :- -.{81516{

CATCI,LAIIO YAL|JT$ f,I POSITIOI{ f

llt0ll OYllAlll0 PRISS|JRI :- 1.166001
ilnI P0slII{t PR[SS[!R[ ttt|OluAfl0il :- 1.951
llRX lltGtfl{i PRISS|JRI FL|jCII|AIl0ll :- -1.083
PRf SS|JRI COTFFICITIII$ :

1o :-  .JJ96?25
Cp :- .{ltJJ0l
Cp' : -  . l t?111
cpr :-  .7016108
CD- :-  - .1891807

A . 9
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0lSCllARGt (rUs) 6.616001t- 0?

iluil8tt 0t 80AR0s

tlEI0llT 0f 0ulltt (r) 1.301

Pttllrffi pmr rtrir. h) .785

IAITR IEIIPTRAII,RE ( C) O

ftltGlll 0f ItI Il{ AIR (ll) :- .522

Ltll8lll 0F Jtl l i l InItR (lt) :- .i8s

tftocllf l lt l lollLE {l' l ls) :- {.9820e

tttocllf AI PLlJlt0t Pm (il/s):- 5.e21126

cil.ctJtAlt0 {et|Jts AI Poslll0t{ A

llt$lt 0tlltlll0 PRI$SIJRI :- .t850006
lltl P0SIIIft PRISSIIRI FI|JCI|JAIl0ll :- 1.tr11
llll lltGAIIft pRtSSlJRt FTI|CIUAIIOl| :- -.5180001

PRTSS|JRE COTFf ICITIIIS :
Ip
Cp
Cp'
cp{
Cp-

:-  .3057J22
:- .{l9l65i
:-  . l I {267
:- . IJI{I35
:-  - .5?5J591

cALc|,tfit0 Ytt|JEs f,t Postllolt 0

lltAll 0fllllll0 pRtSS|JRt :- .6110005
ll*I ?0SIIItt pRtSS|JRt nllCI|JATl0ll :- 1.219
llAI llt0AIIft PRtS$0Rt ft|JCI|JAIl0ll :- -1.12

PRTSS|JRT COIfTICITIIIS:
:- .I98I031
:- .J{5l18J
:- . lJI62Jl
:- .68196i5
:- -.Ii4il3 I*

cfl.cljLilt0 T{t|,Es AI Posllloil F

lltAtl 0tileill0 PRISS|JRI :-
lltl POSIIIYt pRESS|JR[ tlUCIUAIl0ll :' .95?
llAI lli6AIlYt PR[SS|]R[ FIllCIl|frll0l{ :- -.{6?
pRts$tlRt cOtFf tctHrr$ :

Ip :- .36001{J
Cp :- .299863J
CD' :-  .10l9l I
Cpr :-  .5I?59?5
Co- :-  - .?5816J9

.5J60006

Ip
Cp
cp'
cpt
c9-

cALClJLilt0 vfit|Jts AI Poslll0ll I

|'tAlt0ttAilc PRtssuRt
lltl POSIIIfE PRtSSt.lR[ tL|JCIl.|RII0I{ :- 1.063
lflI l{tGAIIIt PRESSURT FLIJCTI|AII0I{ :- -.527

PRESSIJRT COTIf ICITIIIS :
ID :- .3621928
CP :-  .J27?l6l
Cp' : -  .1186025
Cpl :  -  .59{691
Co- :-  - .29{8?8

cAtcutAIi0 vALtlts Al poslII0ll c

lltAll 0filnill0 pRtSSURt :- .8500006
llAI p0slll lt PRtSSURI ftUcIIJATI0l{ :- l.l i l
lf,I l ltGtllvt PRtSSIJRI flUCIlJAll0ll :- -.ll l
pRtss|JRt cOttf tctilrrs:

Ip :-  . i l58821
CP :-  .115529?
Cp' : -  .161{111
cpt  : -  .75J5116
Cp- :-  - .3911659

.5850006

A.  10

ALL PIESSlJRB I{EAStJREI{8}|TS 1}I UETRES



0lSc}|ARot (rJ/s) .0{166

lruilEiR 0t BoARBS

flilGflt 0r 0ljttil (r) l.J0l

Ptutl0t P00t ttttt (r) . i 8

flArER rilrprRAruRr ( c) 0

ttl lGlll 0t Jil l l l AIR (ll) :- .5210001

ttllGlll 0f Jtr lfl TAIER (ll) :- .78

Yrl0ctil Ii l t{0lltt (n/s) :- i.JJ2836

ItL0ClIl Al PLtJll0t PmL (il/S) :- 1.6J0801

CTTCIJTTTTO YALUTS f,I POSIIIOI{ A

llEAll 0llltlllC PRESSURT :- .J770006
llAI P0SIIM PRtSStJnt F[UCI|JATI0|| :- .1590001
llfit llEGAIlVt pRtSS|JRE fLt|CItJiIl0ll :- -1.192

PRTSS|JRT COTf FICITIIIS :
Ip :- .281166I
Co :- .tri182?2
Co' : -  9.695?518-02
Cpl :- .{198228
Cp- :- -1.090?58 ts

cAtc|JtAlto tAt|JEs fil PostTt0lt I

It$il 0YlrAilc PRtssuRt :- .2680006
llAI POSlIltt PRI$SURE fl.tlClU{ll0ll :- .535
ilnI iltGAIIYE pRESSIJRI flUCIUlll0ll :- -.276
PRTSSURT COTFFICITIIIS :

Ip :-  .J l10112
Cp :-  .?{51?58
C p ' : -  8 . 5 0 6 2 1 1 t - 0 ?
Cp{ :-  .189JJ58
Cp- :-  - .25211?J

CIICULAITO YAL|JTS {I POSITIOII C

COLCIJLAIEO YATIJTS TI POSIIIOII O

IttAil 0${Alilc PRts$uRt :- .?{10006
llAX P0SIII|E PRISSURI ftUCIU$II0ll :- .666
lfAt lfEGAIltt PR[$SI,R[ FL|JCI|JAIl0ll :-'.216
PRISSI|RT COTfFICIEIIIS:

TP :-  .J82i l5l
CP :- .???2596
CP' :- 8.506211E-02
Cpt :- .60915i5
Cp- :- -.?061101

CRLC|JLAITO TAI|JIS AI POSIIIOII f

iltA[ 0YllAlllc PRI$S|JRE :- .?210006
llAI POSlllYt PRTSSIJRI FI|JCI|JAIl0ll :- .1i50001
llAt llt8Allyt PRES$I|RI flUCIUfiII0ll:- -.2?5

PRT$SURT COEf FICITIIIS :
IP :- .i612J26
Cp :- .?016253
Co' ;-  .0t5001
Cpr ;-  .1010171
Cp- :-  - .?051951

.5i60007fiEAr{ 0lltAtilc PRtss|JRt
IIAT POSIIIYE PRTSS|,RT
I{AX I{TOAIIYT PRTSS|JRI
PRESSIJRT COTFf ICITIIIS :

FLUCIUAII0I{ :- .{9?9t99
FLUCIUAII0I{ :- -.?{80001

Ip :-  .31?1991
Cp :-  .J0t i2l8
Cp' :- 9.60i786t-0i
Cpt :- .t509?06
Cp- :- -.2268J21

A . 1 1

Att Pn8ssl,fl8 |{EASUtEt{0ltTs lt'r I{8TR8S



0lscllAROI {r3/s) .08909

lrl,ilEfR 0f 80AR0s

llti0tll 0f 0ulttl (r) l.l0l

PllJll0t PmL Ltltt (r) .125

rArtR rftprR{ilJRt { c)

Itl lGlll 0t Jtl l l l $lR (ll) :- .s82

ttilGlll 0f Jtl I|| IAIIR (ll) :- .125

ltt0cllf l lt l lotltt (lt/s) :- 6.6i8508

ItLmlIY fil PLlJll0i p00L (ll/s) :- l.8i2lJ{

C$TC|JTAITO YAI-|JES TI POSIIIOIT fi

lltfll 0tllfllll0 PRISSI|RI 12- J.5{I
llAI POSIllIt PRISSIJRE fLIJCI|JAII0II :- .jiI
llAI llE0AIIYi PRISS|IRI f|tlCIt|AIl0ll :- -?.J88

PRTSS|JRE COEf f ICITIIIS :
Ip :-  8.693198t-02
CP :-  l . l?9919
Cs' : -  9.82?601t-02
cpr :-  .J l668JJ
Cp- :- -.?615?08

cAtcutArE0 t$ttJEs AI P0siltoil I

cAtcljLAlt0 veLuts f,I Poslll0ll 0

li$lt gfllAlllc PRISS|JRI :- 1.55{
ll{I P0Slllft PRIS$UR[ tttl0II|AIl0ll :- 1.801
IttI ilt8elllE PRESS|JRT fllJCIUAIl0ll :- -1.J22

PRiSS|JRE COETf ICITIII$ :
IP :- .?{0669?
Co :- .1955i5?
CP' :-  . l l9?115
Cpl :- .516?807
Cp- :-  - .1?16066

cntc|J[Alt0 vAluts AI PoslTl0l{ t

lltAl{ 0fltAltl0 PRISS|JRI :- t.?li
l{AI POSITIIE PRISSiIRI ftlJClt|AllOlt :- 1.81
IIAI tlt0Alllt pRES$|JRE fLIJCIl|AII0II :- -.968
pRtssljRt c0if f ICIilITS :

TP :- . ?2J1lJ
CP :-  .J868119
Cp' : -  8.61?616t-0?
Cpr :-  .511?Jl5
Co- :-  - .1081101

IITAil OTilAilIC PRESSURT
IrAr Posntvt PRtsst,Rt
i{I ItEAiltt PRESSI'RT
PRISS[JRT COTf TICIEI{I$:

: -  I .603
ttlJCI|J{ll0ll :- 1.801
fLIJClUtll0ll :- -1.{51

Tp :-  .?5?0211
Cp :-  .5112??
Cp' : -  .128S{2
Cpr :-  .515321
Cp- :-  - . f5lJ?5?

cAlcljtArt0 llAtt,ts AI Posfitolt c

lltAr{ 0iltAitc PRtsslJRt : -  1 .110001
llAI POSIIlft PRISSIJRI F|IJCTUAII0II :- .981
llil llt0tllYt PRISSURI fL|JCI|JITI0ll :- -2.i91
PRISSI|RI COTTFIC ITIIIS :

TD :-  8.11J206t-0?
CD :-  l .  l8Jl18
Cp' : - 9.599I63t-02
Cot :-  .JI47698 *
Cp- :-  - . i6?5276

A.12

ALL PTESSlJRE I{BASUflBI{8}|TS III I{8T[ES



0ISCI|ARGI (rJ/s) 6 .616001t-02

lt|JilEtR 0t 80AR0s

fiilGfir 0f 0ljrlrr (r) 1.107

Ptl,ll0t P00t IEIEL (r) . i9J

|AIER IflTPIRAITJRE ( C) 6.6

Lfli0ilt 0f Iil Iil etR (il) :- .9110001

tfllGlll 0t ItI Il| |AIER (ll) :- .J9i

YilmlIY ililr0llr.r (il/s) :- 1.98?09

YiLmltt AI PL|Jlt0t PmL (il/s) :- 6.5J82?l

CTIC|JI.ATEO IATUIS AI POSIIIOII {

iltAil ofltAillc pREss|JRt 1.892
llAI P0SIIIIE PRTSSIIRE iltJCI|JAIlOil :- 1.106
llAI llE0tlIYt PRESS|JRT ttlJclUAII0l{ :- -1.538

PRTSSI|RT COEfTICITIIIS:
Ip :-  .1701188
Cp , . : -  .868096
Cp' : - .118?001
Cpl : - .5011598
cp- :-  - .?0567?

cfiLct,LAli0 YAtl,rs Ar Posliloil 8

lltAl{ 0lllAlllc PRISSURI :- .J95000I
llAt POSIII{t PRES$URI tLIJCItJf,II0ll :- l.Jl
ItAx llt0ATIYt PRISSI|RI ftt|CTlJ0TIO}{:- -.602

PRESSI|RE COTTFICIIIIIS :
Io :- .13?9lll
Cp :-  .181?358
CD' :-  7.815898t-02
CPt :-  .605618J
CD- :-  - .?16?12J

CALC|JL{ITO YAL|jTS TT POSIIIOII C

lltAfl 0YllAlll0 PRISSURI :- 2.117
llAI POSITIYt PRISS|JRI tlUCIUAII0ll :- 2.i92
llAX llt6lllYt PRISSURt fll jclUATI0l{ :- -1.71i
PRISSIJRT COEFFICIIIIIS :

cttct|tAl[0 Y$il,fs $t Posiltolt 0

llEAll Otlltlll0 PRESSURT :- .61I000i
llAI P0SIIIII pffi$$|JRt ftU0lt|tll0ll :' l.{55
llAI IIIGAIIYE PRESSURE FI|JCIUAIl0ll :- -1.012

PRESSI|RT COrtf tCIilrl$ :
Ip :- .i98l0iJ
CP :- .?8309{8
Cp' :- .1128708
Cp+ :- .66661?
CP- :- -.118095 *

CALCIJLAIIO YAtUfS II POSIIIOII f

llt$ll 0fllAlll0 PRESS|Jf,t :- l.16J
llA)( P0SIIIYt pRtsS|JRf rLUClURIl0l{ :- 1.197
llAI lltGAIlft PRISS|JRI rItlCI|JAfiOil :- -l.5lJ

PRTSS|jRT COTFIICITIITS :
Ig :- .i000859
Cp : - .5JJ6ll
Cp'  : -  .1601297
Cpt :  -  .51921?9
CP- :-  - .1211308 )K

ip
vl,

cp'
cpi
Cp-

.1606016

.91ltJr5

. I 56000J
1.09]508

-.801 566J

A . 1 3

ALL PRBSSURB I{8ASUR8UBN1S IN |{8TR8S



0lscl|nR0t (r3/s) .01166

ilt|il8tR 0F 80AR0S

lltl0lll 0r 0UIttI (r) 1.307

Ptljtl0t P00t LtftL (r) .388

rArrR riiPlR{r|JRt ( c) 6.I

LtllGll| 0f ItI Il l AIR (ll) :- .919

ttl{Ellt 0t IiI l l l IAIIR {ll) :- .J88

ytlffiily I|' lr0lltt (lr/5) :- J.lJ28l6

Yft0clIY AT PltJtt8i P(st (ll/s) :- 5.3e1506

cAtcuLAIt0 fAttJEs Ar Posilloil A

llt{ll 0tltAlll0 PRtSStRt :- .118000i
ItAt P0SIIItE PRISSURI ftljcltJAll0ll :- 1.061
llAI llt6*IIlt PRtSSURI fL00lUAIl0ll :- -.181
pRtssljRr cOtFilctfltIS:

To :-  .J1113f2
Cp :- .1831981
Cp' :- .18?{5?1
Cpr :-  .718J6{5
Cp- :-  - .5?58lJl

CATCUIAIEO YATI,IS AI POSIIIOI{ 8

ilEAlt otilAlilc PRtss0Rt :- .215000J
llAx P0$lllVt PRISSIJRI fLt|CItfAIl0ll :- .955
llAX llt0AIIft pRtSS|lRt tLtjOltlfrll0tl:- -.{98

PRTSSllRT COiTFICITIIIS :
Ip :- .619069
Cp :-  .U1l50l
Co' : -  9.829511t-02
cp+ :- .6129596
Cp- :-  - .335?816

cALCUtAIt0 VAI_ItS AI P0SIIt0lt C

lltAll 0Yl{Al{lC PRISS|JRI :- .87?0002
tlAx PoSITM PRISSURI fll j0lt|fiTl0ll:- 2.506
llAI lltGAIIft PRtssUf,t ttl j0I[,AII0t{ :- -.985

PRTSSIJRI COiFTICITIIIS :
Tp :-  .1658256
Cp :  -  .5870196
Cp' : -  .2111688
Cpt :-  1.68118
Cp- :-  - .6631511

CATCIJLAITO VALIJT$ AT POSIIIOI{ O

llfAll 0YltAlll0 PRISSIJRI :- .i200003
llAI P0SIIIII PRISS|JRI ttt|CIU$II0ll :- 1.05J
llAI l{t0AllYt PR[SS0R[ tt|JCIlJAII0ll :- -.519

PRISSURI COEFFICIEIIIS:
IP :- .511285i
CP :- .?8??618
CP' :- .1151233
Cpt :- .?089188 ,
Cp- :-  - .J898153

cAtcljt*lt0 llAL|Jts Ar P0slll0ll f

IIEA|| 0YllAlll0 PRISS|JRI :- .{190003
llAI P0SIIM pRtSStJRi ftl|Oltlerl0ll :- 1.062
llAt ltEOAIIIt PRESS|JRI fL|JCl|JAIl0ll :- -.5J9

PRTSSURT COT FFIC I EIITS :
.1105008
. i2?1 899
. l1?0511
. I 11998 I
. 1628851

Ip
Cp
Cp'
cp{
Cp-

A .  1 4

AtL PNESSIJRE IIEASUREI{E}ITS I}I }IETRES



0lscllARGt (r3/s) .08909

iluil8fR 0r 80AR0s

l lt lGtll 0f 0UItfI (r) 1.301

rf,tiR IiltPERfitlJRt { c)

ttllGlll 0f JEI ll l AIR (ll) :- t.J0l

ttlt0lll 0f iEI llt lrltR (ll) :- 0

ttt0cllf l lt l{ollLt {ll/s) :- 6.618508

ftl.trllY Al Ptull0t Pmt (il/s) :- 8.1569?

CATCIJTAITO YAT|JIS AI POSIIIOI{ A

lltAl{ OYl{AlllC PRISS|JRI :- 3.906
lltl P0slllYt PRTSS|JRE fLtJCI|JAll0ll :- l.0l?
llAI IIIGAIIYE PRISS||RE FL|JCII|AIl0ll :- -3.908

PRISSIJRI COIFFICIf IIIS :
8.29i9ilt-0?
1.096999
9.099531t-0?
. i06688

-1.091561 'lF

cntcljtAlt0 vfit|Jts AI P0slilolt I

IttAtl 0YllAlll0 PRTSSIJRE :- 2.1{5
ilnI P0SlllYE pRtSSlJRt FIIJCIUAII0il :- 1.97J
llRI l{t0AIIft PRIS$IJRI tt00IUATI0}l :- -2.362

PRISSIJRI COTFFICITIIIS :
Tp :-  .1611791
Cp :-  .6585926
Cp' :-  . l08l2l l
cPt  : -  '5511165
Co- :-  - ,66J3671 *

CALCt,L{IEO YALUTS AI POSIIIO}I C

l[Rr{ 0Yt{Alilc PRtss|JRt : -  1 .068
llAI POSITM pRtSSlJRt fLUCIUAII0ll :- 1.051
ttAI lltGAIIYt pRtSSIJRI fLtlCIUATl0ll :- -1.966
PRISSURI COTFf ICITIITS :

9 .01 6? I 5t-0?
l.  l1?{9i
. l03J 52?
.29601s7 *
.5521505

cAtc|,tAlt0 Yeltlrs il p0slll0lr 0

ilrAlr 0il{Ailtc PRis$l,Rt : -  2. l l l
ll*I P0$lllYt PRISSI,IRI ft|JCI|JAII0ll :- 1.806
llAI llt6AIIYf PRiSS|JRI FI|JCIt|{ll0ll :- -1.t8i

PRESS|JRI COIFFICITIIIS :Ip
Cp
cp'
cpt
Cp-

fp
Cp
cp'
cp{
cp-

: -  .  l l l9 l l {
:- .59{5589
: - .102?293
:- .50121{6
:-  - .1165002

cALC|JtAIt0 {At|JiS AI Poslil0il F

llttl l 0tll l l l l0 PRISSURI :- l.t{9
Ittx POSIIIYt PR[SS|]R[ FLu0IlJAll0ll :- 2.1?6
llAI lltcllltt PRE$SIJRI FLIJCIUAIl0l{ :- -1.191

PRTSS|JRT COif FICITIIIS :
r l ,

Cp
r!
cpt
In -

:  -  .2261151
:- .1912062
: -  .1112165
:- .6l l l29
:-  - .J]53316

Ip

f  n '

cpl

A.15

ALL PRESSUflE I{EASUTEXENTS I}I I{sTN8S



i 0tscl|lR0t (rUs) 6.616001t-0?

I l{t,il8fR 0f 80AR0s 0

i 1fl6fir 0f 0ljtltl {r) 1.30t

I rfirrR rilrPrRArlJRr ( c) 1

LEtl6lll 0f ltl l|| AIR (ll) :- 1.30?

rft{Orl| 0F ltr tl| tAItR (il) :- 0

YIL0CITY lll lt0llLt (ll/$) :- i.98?09

Ittmllt f,l Ptul{Gi Pm {ill$) :- 1.10tr289

CALC|J|.NITO IATUTS AI POSIIIOI{ A

lltAll 0lll$lll0 PRISS|JRI :- 2.{09
llAI POSIIIft PRESSI|RT FL0CIUlll0ll :- .909000?
llfiI lliGAIIlE PR[S$UR[ F||JCII|AII0I{ :- -1.166
pRt$s|JRt c0ttf IClil{t$:

lp :- .1008117
Cp :- .9i61195
Cp' :  -  9.116129E-02
cpr :- .J5tJ55j
Cp- :- -.15J2587

cntcljlAlt0 vtl|Jts AI Posiltoil I

lltAt{ 0tl{Alll0 PR[S$|JR[ :- .396
llAX POslllYt PRESSI|RE f[t|CTlJAIl0ll :- 1.103
ItlI llt0Allft PRESS|JRE fL|JCll,AII0l{ :- -.106

PRTS$URT COTff ICITIIIS:
lp :-  .?8?8281
Co :- . l5J9J69
Cp' :  -  1.55577?t-02
Cp+ :-  . { l8t68l
Cp- :- -.15i82{2 )|e

cAtcuLATt0 tAtljts AI p0silt0l{ c

lltAll 0YllAlll0 PRISSIJRI :- 2.513
llAI POSIIM PRISSURI F||JCIIJATI0I{ :- 2.111
tltl ltt0AtlYt PRtSSURI ft|JCIl|AIlOlt :- -1.12?
PRISS|JRI COTf FICIf IIIS :

Io :  -  9.919116t-0?
Cp :-  1.000201
C p ' : -  i . 9 5 1 1 7 8 t - 0 2
Cpl :- .910016
to- :-  - . {J61516

C$I.C|JIAIEO Yf,I.UiS TI POSIIIOII O

llttll Ollltlll0 PR[S$I|R[ :- 0
IIAT POSIIIVT PffiSS|JRT TI|JCIIJfiIIOII :. O
llf,I lltGAIllt PRIS$IJRI fLI|CIUAIl0l{ :- 0
PRTSSI|RI COTFf ICITIIIS :

Ip :- l.10l1l2it38
t p : - o
cp ' : -  o
cpt :- o
cp- :- o

CATC|JTfiITO YAL|.'[S AI POSIIIOil T

liE{il 0rilAillc PRISS|JRI :- 1.13{
llAI POSIIIYt pRtSS|JRI ttUCIlJAII0ll :- l.?25
ll{I lli0AflYE PRISSI|RI tttjCI|JAIl0ll :- -l.l{5

PRTS$|JRT COTTf ICITIII$ :
ID :- .18{511{
Cp :-  .6110571
Co' :-  . l?1I935
Col :-  . {761938
Co- :-  - .115095{

A .  1 6

ALt PTOSSURO I.{EASlJREI{ENTS i}I I{8TRBS





i 0rsclrARor (r3/s) 6.676001t-02

I rR|Jr AIR CoilCil[RAII0il t 9.8J5805

: iluftStR 0F 80AR0s 1

i lrilfirr 0f oljrrEi (r) .6e8

i PtlJr{Ot Pst LtYtL (r) .815

I fAItR rilrPiRAruRr { c) e.]99eee

i rrRrt[PrRrr|jRr ( c) 8.]

i AIR PR[S$I|R[ (r8ars) l0?8

ttllcll| 0t Jtl Il{ AIR (ll) :-
Ltll0lt| 0f Jtl l l l IAIIR (lt) :- .698
ltlmril i l i lrotnt (il/s) :- 5.5?5515
VtLOcllt AI PLUlt0t P00t (lU$) :- 5.5?5515

cAtclJtATE0 vAtljt$ fil P0$lll0ll A

lltAll 0lllilltl0 PRISS|JRI :- 1.019001
lltl POslllYt PRtSS|JRE fIUCltJAIl0ll :- .8109999
lltt llEGArlfI PRtSStlR[ fLtJ0lt|AIl0ll :- -.116

PRISSIJRI COEtf IClfltI$ :
Ip :- .?Jl5135
Cp :  -  .651615J
Cp' : -  .15J5358
Cpl :-  .559538I
C!- :- -.1599619

c{tct|tAlto vAt|,'ts AI poslllofl I

iltnil 0llltlll0 PRISSi|RI :- .3820001
lltx PoSIIIYt pRtSSIJRI fLUCTUAII0ll :- .9990001
llAI lltcfil lft PRTSSIJRE filj0I|Jtll0ll :- -.119

PRISSt|RI COTFFIC]TIIIS:
Ip :-  .J169627
CP :-  .2{5i007
CP' :-  .09?5069
Cpt :-  .6117661
Cp- :-  - .?820116

cAlcrjtilit0 villJts Ar Posllloil c

lil l l 0YllAltl0 PRISS|JRI :- .8980001
llAI POslTIYt PRtSS|JRt fLUCItJ$ll0ll :- .9010001
ll$I lltcAIlYt PRTSS|JRI fLt|CIIJATI0]l :- -.6880001
PRISSURI COTf FICIIIIIS:

Te :-  .?{19887
CP :-  .5168838
Co '  : -  .  l { l l 3
cpi :  -  .580?t18
CP-  : -  - .11191 i5

cnlctltAlt0 YAtt,is AI P0slll0l{ 0

Itt|ll 0tlltlll0 flRt$SlJRE :- .J010001
llAI P0SIrlYt pRtS$|JRt fLUCItJAIlOll :- .861
lltl lttG$llYi PRISS|JRI FL|JCII,|0II0II :- -.1850001

PRESS|JRI COTTFICITIIIS :
IP :- .{3189?1
CP :- .1933656
CP' :- 8.J5ltrl7t-02
Cpr : - .5569686
CP- :-  - .211J275

CATCI.,LAIIO Yf,LtlTS TI POSITIOII f

llt{lt OYl{AlllC PRISS|JRI :- .5110001
firt P0SlTItt PRISSIIRI FIUCIIIATI0f{ :- .l l8
I|AI llt0AIIYt pRtSSt|Rt tttlCI|JAll0ll :- -.5f8

PRTSS|JRT COiIf ICITIIIS:
Ip :-  .311025
CP :- '3?82111
CP' :-  .1010103
Cpl :-  . {61219i
CD- :-  - .35?0102

A .  1 8

ALL T"TESS{jTE I{EASUREI{E}.lTS II{ I{8TR8S



| 0lScllARGt (r5ls) .01166

i rRUt nlR c0lrcHrrRAlt0il t 9.8351{J

: ill,il8tR 0F 80AR0S I

I lltlGlll 0t 0|JILtI (r) .6e8 I
I

Ii PruilGr P00r trrEr (r) .7es

I rArrR iHrPtRfiItJRt ( c) 9.600001

i ArR mPrR$ttJRf ( c) 8.1 I
I

I
II llR PRISSI,RI (r8ars) 10?8

ttlt6lll 0f itl lll AIR (ll) :-
Ltll0lll 0f IfI lll I$IER {ll) :- .698
fElocllr Ii il0llLt (ll/S) :- I.69638
Itt0cllt frl PL|Jll0t Pm (il/s) :- 3.69618

cA[c|J[Ari0 nL|Jts rI Posril0lt A

iltnil 0YllAlll0 PRISSI|RI :- .38t0006
llAI P0SIIIII PRtS$t|ff ttUCItJAll0ll :- .fl5
llll llt0trl|t pREs$|JRt fLuCI|Jf,Il0ll :- -.3760001

PRTSSURT COITTICITIIIS:
Ip :- .?tl3l71
Cp :- .55555?1
Cp' :- .150711
Col :- .595t16I
Cp- :- -.5591606

CALCIJTAITO T*I.|JES EI POSIIIOII 8

llttll Otll0lll0 PRISS|JRE :- .l{50006
llAI p0SIlllt PRISSURI fLUCIUAII0ll :- .tl?
lfAI lft0AIIW pREss|JRt fLUCIt|AII0ll : -.226
PRISS|JRI C0ifFlCtHriS :

Io :-  .1551706
Cp :-  .?0815J2
CD' :- 9.{l{5?lt-0?
Cpl :- .5911J98
Cp- :- -.J?{{306

cttcutAlt0 Y$tt,Es AI P0sntoft c

lltAll 0ttl{lllc PRISSURI :- .J560006
lltl POSIIItt pRESSIJRI FLUCIl|AII0I{ :- .1J5
llAI llf8$llYt PRtSS|JRI fI|JCI|JAflOil :- -.2?5
PRTSSURI COTFIICIEIIIS :

lp :-  .2199996
Cp :- .5110508
Cp' :-  .1277625
Cpl :- .621{57
CD- :-  - .J917118

A .  1 9

cAtcuttlto ffi[uis tI P0snt0lt 0

llttll Blllf,lll0 PRISS|JRI :- .ll{0006
llfrI P0SIlltE pRt$S|Jm Ftt|ClUlII0ll :- .J{?
llfi llt0AIItE PR[S$|JR[ fL|JCfUCIl0ll :- -.185

PRTSS|JRT COtf TICITIIIS:
IP :- .{999976
CP :- .118007
Cp' :- 8.900J01t-02
cpt :- .1909515
CP- :- -"?6557I?

c*tct,tnTto YAL|JIS 0r P0sntOil f

llttll 0lflAlll0 PRISS|JRI :- .1900006
ll$I P0SIIM pRiSSURi fLUClUAIIOfl :- .3t
llAI lltGATIIt PRTSSURE fLllClUtIl0ll :- -.??
PRISSIJRI C0Ef FICIttll$ :

lp :- .1J68{ll
Cp :- .2121522
Cp' :- 9.l8l1lit-0?
Cp{ :- .5311{l{
CP- :- -.3158111

AtL pr8ssun8 il8Asljn8ilgfiTs Iil l{Effl8s



i 0lscllfiR8t (rl/s) 6. 6 ?600 tt-0?

: IRt,[ {tR C0ilCiltIRAIt0il t 9.85i199

I lr|JtlEtR 0r 80AR0s

i lltl0lll 0F OUILII {r) . ?8J

I
I

I
I

Ptt,ltct PmL LtYtL (r) .105

rf,ftR rflrPiRArt,Rr ( c) 0 l

i ArR rilrPrR$r|JRr ( c)

I f,lR PR[$$URE (rBars) 1025

rEnsilr oF Jtr I|' ArR (il)
rflroil 0f Jrr llr frrER (il)
rtrtrrrf ililronr.r (il/s)
Yrlmrrr Ar Pr.t,lroE Poor. (rus)

.28J
5. 5?666
5. 52666

CAI-C|JLAITO YALIJTS AI POSIIIOII A

nfAil 0iltAtilc PRtssuRE I  .858
ll{I POSlIllt PRESS|JRI fLUCI|JtII0}l :- .{100001
llAI ilt0nllYt PRtSSURI F||JCIt|AII0I{ :- -.{880001

PRf SSIJRE COTFTICIEIIIS:

CALCI,I.AITO TAT|JT$ AI POSITIOI{ 8

lltAll 0fl{Alll0 PRISS|JRE :- .55J000I
llAI P0SlIIlt PRESSI|RI f[UClUfill0ll :- .15
llAI llt0AllYi PfliSSURt ft|JClUAII0l{ :- -.J

PRISSIJRT COTf IICIIIIIS :

cerc|jLf,lt0 IAl"|,ts AI Poslll0lt D

lttfir{ olr{Alilc PRtsst,Rt :- .1600001
llAI P0SIIIfE PRTSS|JRE tttJCI|JeII0ll :- .5080001
lt0x llt6Alllt PRI$SURE fttj0l0All0ll :- -.216

PRISSI|RT COTFFICITIITS:
.1826086
. ?953921
5.391118t-02
. J262 15I
.  l t7?353

CALCI,,LAITO YALIJTS f,I POSIIIOII f

lltAl{ 0lllAltlC PRISSi|RI :- .8100001
llfiI POSIIIIt PRESS|JRT fLUClUAIl0ll :- .565
IIAI lltcAlIYt PRISSI|RI FLIJCIUAIl0ll :- -.5160001

PRTSSt|RI COIFFICITIIIS:
. 1l03i0l
.5201{i l
8. 861761 E-0?
.3628 186

- .  t3lJ5i

Ip
Cp
cp'
cpl
Cp-

Ip
Cp
cp'
cpt
Cp-

5. 65t23lt-02
t.  19t128
6. t{ ?616t-02
.2825191
.313il26

Cp
cp'
cpr
Cp-

. r18282

.I551t l
5. 26558it -02

. ?889106

. 19?6171

Ip
cp
cp'
cpl
Cp-

CALCULAITO '/ALIJIS A] POSIIIOII C

ntf,il 0YltAiltc PRtss|JRt
IIAX POSITIYT PRTSSI,RT FIIJCII,AIIO}I
nAx iltcf,ItYt PRtssuRt ttljcttJAIl0tl
PRTSSIJRT COIFf ICIT}IIS :

1 . 1 2
.157
.5?10001

Ip
up
cp'
cpl
Cp-

.062?093
1.10151
6. 811018t-0?
. ?9t16 5 l
. tJ61902

A.  20

ALL PRESSt,RE I{EAS(,NEI{BIITS I}I U8TR8S



I 0lscllARGI (rJh) .01166

i rRUt AIR ColtciltrRAlt0il t 9.851t99

r{tJil8tR 0f 80AR0s

l lt l0lll 0t 0ulLtl (r) .28J

Ptljll0t P00L l-tYtl (r) .1t2

rArtR rflrPtRArtJRE ( c) 9.2

ArR liltpERrrt,Rr ( c) 9.Jee999

i AIR PRISSURI (r8ars) 1026

LilrGlfl 0f Jrr Iil AIR (il)
r.fli0ilr0f Iil fi{ fAItR {il)
ynmriY ililt0lrrr (i/s)
vil.ocrrY cr PLt,ilGT PmL {}r/S)

.28J
i .697186
3 .697 I 86

cALct,rilto YALUTS ei posntoil A

lltAll OYllAlll0 PRISSIJRI :-
llAI POSIllfE PRISSIJRI f[UCI|JAIl0ll :-
llAX llt0AllYt PRISSIJRE F|UCIi|AII0II :-
PRf SSI|RT COTIFICIEIIIS:

.812000J
. ?58

- . t r

CALN|JLAIIO VAI.UTS AI PO$IIIOII O

lltAll 0lilnill0 PRISSIJRI :-
llAX POSIIIIt PRESSURI FLUCIIJAII0II :-
llAI lltOlllVt pRtSS|JRt ftUClU{Il0ll :-
PRTSSIJRI COIFFICITIII$:

.1il000J
.2n

- . l J l

Ip
Cp
cp'
cpr
Cp-

.0689655
l.  165l1s
8.0J5t83i-02
. it0?06?
. l l56l97

:- .1259883
: -  .  ?539791
:- 5.7396J1t-02
:- . i1 lJ15
:- - .192?l l6

Ip
! y

cp'
cpt
Cp-

cALCUtATt0 YTLI,IS $t PoSITtol{ 8

rrfifi 0mAiltc PRtsslJRr
llAI P0sllM PRISSURI fLUCIUAll0lt :- .266
ilnI iltGAlltt pRtSStJRt tLtl0ft|ilTl0ll :- -.152
PRtSSIJRI COtfilCtil{ts:

.222000I

cALcljr.AIt0 v{tljts {T PostTtoil |

l ltAll 0tllAlilc PR[$SI|R[ :- .1570001
ll$I POslllVt PRISS|JRI ftt|ClllAll0ll :- .?980001
llAI llEcAIlYt pRtSStJRt tLmlt|AIl0ll :- -.?13

PRTSSURT COTTTICI TIIT$ :
Ip
Cp
Cp'
cpl
Cp-

.?1 i7 l i {

.i l855
6. 711066t-0?
.18168 51

- .218 106

.1899108

.18J5611

.0918311

. i2 76026
-. J{868?6

l ^r p

Cp

cpf
fn-

CATCULAITO YALUTS AI POSITIOII C

iltAlt 0flrAiltc pRtsst,Rt :  -  .  i?50003
finI POSIIIvt PRtSSURI FLUCIUAII0II :- .2510001
llAI llfcAIIft PRTSSIJRI fLt|cltlATl0ll:- -.?69
PRTSSURI COTf TICII}IIS:

1p
Cp
Cp'
cpr
Cp-

8. 275859t-0?
I .0{0J09
8.609116t-02
. J68it1{
. J85990?

A . 2 1

AtL PRSSSUIE l{8AStJn8H8ilTS I}t I{8TRBS



i 0ls0llfiRst (r3/s) 6.6j6001t-01

i lRur ArR c0lrciltrRAlI0l{ t 9.8t2913

I lllJilEtR 0F BoARoS I

i fiil8flr 0r 0uil.rl (r) 1.J07

i PIt,ltGt P00t ltYtl {r) .18

i rArtR rflrPrR{rlJRr { c) 9.100001

I ArR rilrpEnAr|JRr ( c) s.J

i nlR PRISS|jRI (r8ars) l0l8

Ltll0llt 0t Jtl l l{ l lR (ll) :- .5210001
LfllGlll 0F itl l lt tAItR {ll) :- .t8
YIL0CIIY Ill lt0tltt (ll/s) :- 5.5?185
Ytttrll l *l PLUilGt P00L (tl/S) :- 6.191818

cetc|JtAlt0 t*tljts {I P0$tTIoil A

lltlll 0lllAlll0 PRISS|JRI :- .7{{0001
llAt POSIllYt PRTSS|JRE fLt|CIUAll0ll :- l.5l
llAI llt0AlIlt PRISSI|RI fttJCI|JAfl0ll :- -.1100001
pRtsst|Rt cOtFfIClilil$:

lP :- .3911281
Cp :- .1568{82
Cp' : -  .13951J6
cpr :-  .15J0258
Cp- :-  - .J519?j1

CALCUI.AITO YAI.UTS AI POSIIIOII 8

lltAll 0lllAlllC pRtSS|JRt :- .1?10006
IIRX POSIllYt PR[S$I|R[ rl|.l0II|AIl0ll :- 1.5{7
llAI lltGlllyt pRtSS|JRt fl|JCIllAII0ll :- -.501
PRISSI|RI COIFIICIEIIIS :

iP :  -  .508J1?8
Cp :-  .2019?61
Cp' : -  .1826111
Cpt :-  .11199{l
Cp-  : -  - .?1117{6

cAtcl,l$tt0 tf,tuts Ai Posiltolt c

lltAll 0YllAltl0 PRTSSIJRI :- .6910006
llA)( POSITIYt PRtSSURt fLUCTtlAIl0ll :- 1.811
llAI llt6ATlVt pfitss|JRt ttlJCl|JAII0ll :- -.588
PRTSSURT COTFFICITI{TS :

Ip :-  .J6599J9
Cp :-  .J328665
Cp '  : -  . l?18?? l
Col :- .8810066
C!- :-  - .?820?19

cAtc|J[Alto ff,t|Jts AI poslll0ll 0

lltAll 0tllAlllc pRt$$lJRt :- .1180006
llfiI P0SIIM PRISSI|RI tLt,|Cl|JAll0ll:- 1.595
llAI llE0ATltt PRESSI|RT ftUCI|JAIl0ll :- -.521

PRTSSURT COTf TICITIIIS :
lo :- .1611112
CP :- .200{811
Cp' :- 9.I01901t-02
Cp{ :-  .7650166
CP- :-  - .2511?8J

CAICIJLATIO TAI.IJIS AI POSIIIOII f

lltAll 0YllAlll0 PRISSURT :- .1810001
llfiI P0SITM PfltSSt|Rt ttl|cl|J{ll0ll :- Ll81
lllx llt0AlIlt PRESS|JRI FIUCI|JAII0I{ :- -.5150001

PRTSSIJRI COTFIICITI{IS :
IP :-  . {008259
Cp :-  .2J?113I
Cp' : -  9.J0190{t-0?
Cp{ :  -  .5618869
Co- :-  - .261100i

A.22
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i 0lscltARGt (rJ/s) .01166

i rR|]t f,tR coilcflitRAltolr t 9.858001

: l{|Jfi8tR 0f 80AR0s 1 I
I

I
Ii  l | t lcf ir  0F 0ulttT (r) 1.30?

I Pt|,|lt6t P00L tittt (r) .8

i rArrR rflrprRAruRr { c) 9

i ArR riltPrRArljm { c) 1.1

i AIR PRISS|JRI (r8ars) l0l8

Ltllclll 0t Jtl l l l AIR (l{) :- .5010001
ttllclll 0r Jtl Iil ilnItR {ll) :- .8
vrlmrry ilt tt0ilrE (il/s) :- J.697311
rrrmur AI Pt|Jlr0t p00t (il/s) :- 1.859171

CALCUTAITO VAI.UIS AI POSIIIOI{ A

llt0ll 0YllAltl0 PRISS|JRI :- .1380007
llAX P0$llllt PRISS|JRI F[0Cf0AIl0l{ :- .629
flRI lltGAIIft PRISSIJRI ftU0lljtfl0il :- -.221
PRTSSI|RT COTFFICITIIIS :

Ip :  -  .6719098
Co :-  .1116?25
Cp' :-  7.1215221-02
Cpf : - .5221{i5
Cp- :-  - .1885{18

cALCUtAIf0 Y0Lt,tS f,l PoSlIt0tr I

llt{ll 0lllAlll0 PRISSIJRE :- 6.000066t-02
ilnX POslllYt PRISSIJRI f|UCI|JAIl0ll :- .568
llAI lltGAIIYt PRISS|JRI fLt|CI[|ATI0It :- -.2190001
PRTSSIJRI COIf FICITilIS:

Ip :  -  1.266653
Cp :-  1.98J617t-02
C p ' : -  6 . J 1 ? 5 1 2 t - 0 2
Co{  ; -  .nn112
Cp- :-  - .18l i001

CALC|JLAIIO YAL|JIS AT POSIIIO}I C

lltAlt 0YllAlll0 PRISS{|RI :- .1100006
ItRI POSIlllt PRtSS|JRt fLUCTUAII0II :- .601
llAI l{tGAIM PRfSSIJRI ttUCI|jAIl0ll :- -.197
PRISSURT COTIFICIIIIIS :

io  : -  .5851116
Cp : -  . l l 628 l i
Cp'  : -  6.8i0869t-02
cp{ :-  .1991869
Co- :-  - .16i6?i

cfitc|JrAlt0 {ALuts f,I Poslll0ll 0

lltfill 0Yl{illlc P[t$StJRt :- 5.600065t-0?
IIAI P0slltVE PRISSI|RI ttUCTU$ll0ll :- .1190001
llAI lttEAIIlt PRISS|JRI tt||CIUAIlOil :- -.158

PRISStlRI COEIFITITIITS :
IP :-  1.160101
Cp :-  { .651I?9t-0?
Cp' : -  5.198859E-02
Cpf :-  .39?85{1
CP- :-  - . lJ l?158

CALCl,LAIEO IAI.[,TS AI POSITIOil F

Ittfil{ 0Yilllll0 PRISSIJRI :- 6.20006Jt-02
llAI POSlIlft PR[SSI,}R[ FLUCIUAIl0l{ :- .19
ll*t tlEGAIllt PRISSIJRI ftt|CIUAII0ll :- -.15tr

PRTSSIJRT COTf f ICITI{IS :
lD :-  .96113?1
CP :-  5. l19l l t f -0?
Co' : -  { .983562E-02
Cpt :-  . l?19316
Cp- :-  - .1?70808

A.  23
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i 0ISCIIARGI (rUs) 6.6i6001t- 02

IR|JI AIR C0ilCililRnil0r{ t 9.89?185

iltjfi8tR 0r 80AR0s

lltl6111 0f O|JILtl {r) I . J O I

Ptljfi0t Pmt ttYtt {r) l 0 l

rAItR tilrPtRAI|JRt { C) 8.600001

nrR rilrPrRArljRr { c) t . i

AIR PRtSSIJRI (r8ars) l0l0

Ltlr6ru 0t Jfi I[ AIR (il)
Lilr6ilr 0f Jtr llr tAttR {il)
YrlmrrY ilr iloillt (t{/s)
ril.ocrrr rr ptt,r{0i P00L {il/s)

.91

.591
5. 5290J2
6- 958J7 I

crlc|Jurt0 tAttjts Al Postll0il A

llttll 0YllAlll0 PRIS$IJRI :- 2.101
llAI P0SIIlft pRfSS|JRt fLtJClUeIIOll :- .9010001
llAt lltGAIltt PRISSURI FLt|ClljilflOil :- -1.65{
PRISSIJRT COIFf ICITIIIS :

cil.c|JtAlt0 yAr.tjts AI p0sliloil 0

iltAil 0ilr{iltc PRiss|JRt
ItfiI POSIIIIt pRtSSt|Rt FL|JCIUAIl0ll :- l.3l
llAI lltGAIM pRtSS|,|Rt fLUCIt|AII0ll :- -.16{

PRISSIjRI C0tff IClflil$:

:- .6?10003

Ip
Cp
cp'
cpf
Cp-

Tp
Cp
vP

cpt
Cp-

r p

vP

cpl
Cp-

. l 519{3

.8 52309

. lJ?0593

. J65796?

.6 t00186

:- .1251206
:- .?515609
: - .1069137
:- .55191J1
:- -.1091886

cfiLc|jlfilt0 yAtt|ts AT P0silt0n I

lltAll 0YllAlll0 pRtSS|JRt :- .t?10001
ll0X POSlll{t PRtSSIJRI tt|JCI|Jfil l0ll r- t.lJl
llAt lltGlllYt PRISS|JRI ftlJCT|Jfill0ll :- -.665
PRTSSIJRI COEFf ICITIIIS:

CALC|JI.AITO IALt,TS TI POSIIIOII f

lltAl{ 0Y}lAlllC PRISS|JRI :- l.lJl
llAX POSIIM PRtss|JRt FLlJCltjAIl0ll:- l.{?5
llAI lltgAllYt PRISSURI FI0CI|JAII0I{ :- -l.l l9

PRESSURI C0tfflcl$ils:
Ip :-  .J l8J4?l
Cp :-  .159112
Cp' ; -  .116?311
cpr :  -  .5l l?5Jl
CP- :- -.1716009

.1590161

. l i?9135
i.9J9t6l t-02
.160581 I
. 269i81 8

CATCI,IOITO IILI,TS AI POSIIIOI{ C

lliAli 0Yl{AlllC PRISSURI :- 1.986
llAx POslIiYt PRtSSURI TLUCTUAII0|l :- 2.586
ll{I l ltGfillYt PRtSStlR[ FT|JCTtlAII0}l :- -1.7J5
PRISS|JRI COiFf ICITIITS:

I n

f n

f n 
t

v P

cpl
f n -

:  -  .  i883182
: -  .80{5085
:- .1515016
:- 1.01156?
:- - .1028J08
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i olscltARct (rl/s) .01166

i IRUI AIR C0llCiltTRAIIolt | 9.8918t8

i flljil8tR 0f 80AR0s 2

i fli lGflt 0F 0utlft (r) 1.301

i Pr.|jn€r P00L rrfrL h) .39

i InrtR lfltPrRnr|JRf ( c) 8.899999

i {rR rr}tPERAr|JRr ( c) l.I

I AIR PRISS|JRI (rBars) l0l0

Ltll6lfl 0f ItI l l l AIR (ll) :- .91t0001
Ltltclfl 0r Jtl Ii l teIER (ll) :- .J9
l|tlmllt Il{ l l0lttt (ll l$) :- 3.698951
YtLtrlIt AI p[tJlt0E P00t (ll/s) :- 5.62t{59

CRTCULRITO YAT|JTS EI POSIIIOII A

lltAll 0YllAlll0 PRISSIJRI :- .8610003
[nI POSIIIIt PRTSSIJRE tttJcrUAII0ll :- 1.098
llAx llt8ATIYt pRESSIJRE tL|JClt|All0ll :- -.9110001
PRISSIJRT COITFICIf IIIS :

Tp :- .3568911
Cp :- .5J15061
cp' : -  .190762J
cpr :- .680055J
Co- :-  - .566093J

Cf,LCl,LAITO YATUTS AI POSIIIOI{ 8

llttil 0riltill0 PRISS|JRI :- .215000J
llAI PoSIIM PRISS0RE I|UCIIJAII0I{ :- .9{50001
ll{I l lt0AIM pRtSStJRt tLUCIt|AIl0ll :- -.{05
PRTSSl|RT COTFTICIIIIIS :

Ip :-  .6i3i686
CP :-  . l5 l l {29
Cp' : -  .10?19{1
cpr :  -  .58529J5
Cp- :-  - .?5081

CALCIJLAII0 VAtt,ts Ar PoSllt0lt c

llt$l| 0Yll{ll l0 PRESSURT :- .1?1000J
llf,)( POSITM PRISS|JRI F|UCIUATloil:- l.lJ8
llAX l{tGAIM PRISSI|RI F|"IjCIUATl0ll :- -.719
PRISStjRT COIFf ICIIII]5:

Ip :-  .1865198
Cp :-  . {5021J6
Cp' : -  .1710196
cpf :-  l .o16{11
cp- :-  - . i6J8992

CATCI,LAITg Y$L|J[S AI POSITIOII O

llt{l{ 0lllAltlc PRESS|JRT :- .27?000J
|lAI P0$IIIIE PRTSSI|RE rt|JClt,tIIOll :- l.16{
llAI llt0AllYE PRISSIJRI Ft|Jcl|JAII0ll :- -.515

Pttsst|Rt cOttFICIfliI$ :
Io :- .6160286
Cp :- .168{656
Co' : -  .107119
Cpl : - .7209J28
Cp- :- -.i189691

CALCl,LAITO YAI.UIS AI POSIIIOII f

lltfill 0Yl{AlllC PRISS|IRI :- .105000J
llAt POsllltt PRtSSIJRI rt|JCfuAII0t{ :- 1.0?l
llA)( llE0$llYE PRtSSIJRI ft|JCIlJAII0ll :' -.5990001

PRTSStlRT COTFIICITIIIS :
Io :  -  .1987651
Co : - .2508101
Cp' :-  .125110J
Cpl : - .632J616
Cn: :-  - .J109955

A.25
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i 0lscllilR0t (rUs) 6 .6 76001t-02

iRut ilR c0ltcililRAil0lr t 9.s82396

ilt,ttEtR 0F 80AR0s

}|tl6111 0t OtlIttl (r) LJ07

rAmR rfltprRArt,Rr ( c) 9.100001

ArR I I |PERATI,RT (C) 8.899999

AIR PRtSSURI (r8ars) l0 18

ttllGlll 0t ItI I|l AIR (lt) :- 1.307
Ltllclll 0t Jtl l l l tAItR (il) :- 0
yil.0crry llt lt0lrlt (il/s) :- 5.5?8.{I?
IttOcllt AI Pllj l l0t Pm (il/S) :- 1.196601

cAl0l|tf,lt0 til_0ts ir Posiltor{ A

iltAil 0YlrAiltc PRtss[lRt
llf,I POSIIIYt PRISSURI ftUCIUf,ll0tl :- 1.09{
ilAI llt6AllYt PRtSSI|RI itt|CIlJAll0l{ :- -i.?6

PRTSSI,RT COTFf ICIIIIIS:

CALCIJTAITO TII.UIS AI POSIIIOI{ O

lltAll 0tllAlllc PRtSSl,Rt :- .569
ItlI POSIIIvt PRtS$|Jflt fItJCTtJAIl0ll :- 1.605
llAI llt0Alllt Pf,ESS0Rf FLIJCIUAll0l{ :- -.616

PRTSSIIRT COIf TICITIIIS:
:- .i7?58i5
: - .1985866
:- .01J9901
:- .5601609
:- - .2119901 *

cAtcutAlt0 tALt,ts AI Poslll0lt F

l ltAll 0YllAlil0 PRISS|JRI :- 1.68{
IIAI POSllll lt PRfSSIJRI tLUCI|]AII0II :- 1.553
fiAI l{tcfillft PRTSS|JRE fLIJCI|JAII0}l :- -1.266

PRISSIJRI COttf ICIilllS :

lp
Cp
cp'
cp{
Cp-

.1057?3

.900t91 5
9. 52t969t-02
. J8l8l68

-.1J97 5?5

2.581

.5 t5
I  .815
.5080001

Tp
Cp
cp'
cpl
Cp-

cAtcutntf0 vALtJts AT P0$tII0f{ I

lriAil 0il{Alilc PRtsst,Rt
llAI POSIIIYf PRISSIJRI ftUClUAIl0ll :-
llAI lltGAIlYt PRtSSUf,I FL|JCIUAII0II :- -
PRiSSURI COtFf ICITIIIS :

l n

l,p

cp'
cpl
Cp-

.J3?il01

.186t20i
6. ?t 2376t-02
.61Jl 5?8
.1n297

. ?081t2i

. 58 i IJ?6

.1225025

.512012J

.1{18165

Ip
Cp
Cp'
cpt

CALCl,TATTO VALIJTS AI POSIIIOII C

lltAll 0Yl{AltlC PRISSIJRI : - 2.528
llAX posIIM PRESSI.IRI ftlJCl|JAIl0l{ :- ?.156
i1ilx l{t6ATlYt PRtSSURt ftlJClIJATl0l{ :- -1.162
PRtSS0Rt COttf lcttltIS:

r P

! y

f  n 'w y

cp,l
Cp-

.1162975

.88229t

. 1026089

.857168?

.1055195
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i 0rsfitAR6r (rj/s) .0{166

i rRt,t AIR C0ilCtillRATlolt t 9.88Jil1

i illJil8fR 0t 80AR0s 0

i flil0flI 0f o|Jtrrr (r) l.J0l

i rArtR tiltPTRAIt,RE ( C) e.J

I RrR rfltPtRArtJRE ( C) e

i AIR PRISS|JRI (rBars) l0l8

Ltl{6Tll 0t Jfl l i l AIn (il) :- LJ0t
Ltl{Gltl0t Jtl l l l lt ltR {l,l) :- 0
rtrmilt i lt i l0lltt (l,tls) :- 3.698tr56
Yt[mllY AI PtlJll0t p00L (t{/S) :- 6.?t00Jl

CAI.CIJI.AITO TAT|JIS AI POSIIIOII A

lltf,ll 0lllAlll0 PRISS|JRI :- 1.611
IIAI POSllltt PRI$S|JRI FLtlCI|JAIlOtt :- 1.1tr9
lll l l lE0lllft PRtSSURI fLUCI|JAII0I{ :- -l.i{I
PRTSS|JRI COtffICtflils:

Ip :-  .1166819
Cp :-  .8211lJ1
cp'  :  -  .11518{3
cp{ :-  .568?615
Cp- :-  - .6720388

cntcljrAlt0 YAtt,ts At P0siltoil I

lltAll 0YllAlll0 PRISSIJRI :- .ZtS
llAX POslllYt PRtSSURt FLtlCI|JAllOtt :- 1.881
ileI iltGAIIYt PRtSSURE ftUCIUtilOlt :- -.1J
PRISS|JRI COTFFICIIIIIS:

Ip :-  .5155396
Cp :- .1J86981
Cp' :  -  t .9816{1t-01
cp{ :-  .9J9956?
Co- :-  - .2i15516 tk

CAICIJI.AIIO YAL|JTS AI POSIIIOI{ C

lltfl l l OYllAlll0 PRISSURI : - 1.606
llAX pOSIIM PRtSStlR[ FtlJCIUAIIOIt :- t.i{J
llAI lltGtllYt PRtSSURt FtUCI|JAlt0t{ :- -l.itJ
PRISSI,RI COTf f ICITIITS :

Ip :-  . i l93?ts
Cp :-  .801?5i9
Cp' : -  .  l lJ68l6
cp+ :-  1.3685?1
cp- :-  - .6850106

tAtc|Jr.Alt0 YAL|J[S Ar P0$tllolt 0

lftAil 0riAill0 PfttSSURi :- .292
llfiI P0SlIIti PRISSURI tLtJCI|lAII0ll :- l.{?l
llRI lltCAIIft PR[$S|JR[ ftUCI|JfiIl0ll :- -.582
PRt$SIJRI COtFilCtf ltl$ :

lo :- .5{79{52
Cp :- . l{56853
CP' :- 1.98?6{1t-02
cpr :- .i l0155J
Cp- :- -.1905856 le

CAI.C|]TAITO YALIJTS AI POSIIIOII F

llEAll 0Yll*lllt PRISSURI :- .9?l
llAI POSITIYE PRESS|JRT FLIJCI|JAIl0ll :- 1.695
llAl( ttc{IIYt PRISSIJRI fl|Jcl|JAll0lt :- -.968
PRTSSI|RT COTFFICITIIIS:

Ip :- .{060801
Cp : - .159501
Cp' : -  .18659{J
cP+ :-  .8{16615
cp- :- -.18?95 ,r'
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Att pnBssu[E ilBAsu[8r{ilrTs I}l r{ETnES



i 0rsilrAR0r (rJ/s) 6.676001r-02

: rRljt AIR C0ltcEl|lRfiilot{t 19.70111

i ilt,il8ER 0r 80f,R0s I

I l ltlGltl 0t 0UIttI (r) .698

i PLI,I{G[ P00t ttYtt (r) .l9s

i r$rrR rmPrRAruRi ( c) 9.r I
I

I
I

I
I

cALC|J$rt0 YAt|JtS f,l Poslil0il 0

llttll 0Yfeill0 PRI$SIJRI :- .{350006
llAI P0SIII|[ PRE$SURI fLUCIUAll0ll :- 1.2
ll{I llE0tlltI PRESS{JRE tL|JCIUAIlOil :- -.{9{

PRTSSI|RT COiTf ICIII{I$:
IP :- .{16091{
CP :- .??16102
Cp ' : -  9 .?22256t -02
cpr :- .6111201
Cp- :-  - .  ?5l l0l{

cArctJLAIto YttlJts AI Po$lll0lr f

litAl{ 0YllAlll0 PRISS|JRI :- .6010006
llAx pOSIilYt PRI$Si|RI tl|J0IIJAIl0ll :- 1.011
llAX l{tGATIvE PRt$S0Rt FL|JCI|JAIl0ll :- -.5600001

PRISSIJRI COTTFICITIITS :
Ip :- .?8973{8
Cp :-  .J01i{85
CP' :-  8.9165{6i-02
Cp{ :-  .518178?
Co- :-  - .285J?95

I ArR rilrPrRRrtJRE ( C) 8.s

i AIR PRISS|JRE {r8ars) 1028

ItilGIl| 0F Jtl l lt AIR {ll) :-
Lil{0ilt 0f JEI Iil tAItR (il) :- .698
Ytrmrlr n lr0firr (n/s) :- 6.20{{6
YtLmlIY tl Pltjl lGt P00L (llls) :- 6.201t6

CRLCI,IAITO YAII,TS AI POSIIIOil E

IttAll 0YllAlllC pRtSSt|Ri :- l.ll800l
fieI POSIIltt PRtssl|Rt ttl|ClUAll0tl :- 1.158
lltl lltGAIIYt pRtSSURI FIIJCI|J0II0I{ :- -.8639999

PRTSSIJRT COEf IICITIII$ :
Io :-  .?59?266
Cp :- .5198J05
CD' :-  .1501075
Cp+ :- .5198501
Cp- :-  - .1102226

CATCULAIfO YALUTS AI POSIIIOIt 8

lltAl{ 0lt{Alll0 pRtSSl|Rt :- .1160006
l'lAX pOSIIM PRTSS|JRE tt|JCl|JAll0tl :- LJ92
llA)( llt0AlIlt PRISS|JRI FIUCII|AII0I{ :- -.166
PRTSSURT COTTf ICITIIIS:

IP :-  . i91195
Cp :-  .2?21{9i
Cp' :  -  8.16J691t-0?
[pl  : -  .1092175
Co- :-  - . lJ l1J19

CATCI,TAIIO VATUTS AI POSITIOI{ C

l l tAlt 0YllAll l0 pRtsSURi :- 1.0i1001
llAI pOSIllIt pRtSStJRi FLt|CI|JATI0II :- 1.511
IIAX llt6fi l lVt PRISS|JRI fL|JCI|JATI0I{ :- -.1660001

PRTSSURI COTIIICITilTS :
ip  : -  .2 ' i85 i92
Cp : -  .5268108
Cp'  : -  .1J09159
Cp t  : -  . j i 1 {086
Co- : -  - .J90?9
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i 0lscfinRff {rJ/s) .01166

i iR|,t RIR Col{CflilRAilolt t 19.70709

r{ljn8rR 0f 80ARos

lltl6lll 0t Ot.lILtl (r) .698

Pl|JtlGf Pm[ ttYtl (r) .185

rnrrR riltPfRAr|,Rt ( c) 9.j999r9

ilR IiltPtRAI|JRT ( C) 8 . 1

tlR PRt$SUR[ (r8ars) 1028

Ltl{6Tll 0t iti l l l AIR (ll) :-
Ltll0ll| 0t Jtl l l l tRItR (lt) :- .698
fttmllt Il l l l0ltlt {lt/s) :- {.150t{l
ftlftl lr AI PLtjil0t pml (il/s) :- {.1508{l

cfrc|Jr.Alt0 vAttjts tT PostIIoil A

lttAll 0lllAlll0 PRISS|JRI :- .38{0006
llAI POSIIlft PRISSIIRI FLUCIUATl0tt :- .616
llAI llt0Alltt PRESSURT FLIJCI|JAIl0tt :- -.J2t
PRTSS|JRT COTFf ICIIIIIS :

cAtct,tAlt0 YAtt,ts Al PostIloil 0

llfAil Ormill0 PRISSIJRI :- .l?20006
lltl tOSIIIft PRESS|JRT FI-I|CIUf,II0ll :- .518
ilnI ilt0tlIyt PRISS|JRI TIUCItJ*ll0ll :- -.181
PRT$S|JRI COTFFICIIIII$:

.5573?t5

.1J88819
7 . l1 1088t-02
.5896881
.2060{95

cALC|JtArf0 vAruis AI posiltolt f

. J?5520I

.13 I1115

. lt?2991

.7126J53
- . J722553

Tp
Cp
cp'
cpl
Cp-

CAI.CUI.AITO IALIJTS AI POSIIIOII 8

Irtnr{ 0mAtilc PREsst,Rt
llAI POSIIIIt PRISS|JRI ft|JCIUeftOil :- .5J
llAI llt6lIM PRESS|JRE ftUCIIJATI0t{ :- -.109
PRTSSI|RI COIf FICITIIIS:

rl,

Cp
cp'
cpt
Cp-

r p

Cp
cp'
cpr
vP

Ip
Cp
rp
cpi
v P

r y

Lp

!P

cpl
Lp-

. 1100006

.3620005

ilt*r{ 0Y}tA}ilc PRISS|,|RE
IIAI POSIIIVT PRISS|JRT
ilAI lttGflilt PRt$s|JRt
PRTSS{|RT COTFFICIfIIIS:

r- .20?0006
FLUCTU0Il0ll :- .5830001
ft||CIljlll0l{ :- -.21?

.528569J

.1 59J7 6
8 .121 I 258-02
.60JJ195
.2J79216

.1 108899

.2?99565

.0911868

.66J681 5

.26110t7

CATC|JLRIIO YRLtjIS AI POSIIIOII C

iltfilr 0Yt{Ailtc PRtssuRt
i leX P0SIIM pRtSSURt FLIJCIUAII0I{:- .i l2
IIAI llt0tTIlt PRISSURI FLUCII|AItOil :- -.ilJ9999
PRTSSIIRI COIFIICITIITS :

. J066291

.11 2099 l

. l?6J619

.8r05311

.1119202
A .  2 9

ALL PIESSURE I{8ASUN8[EilTS I|| I{8TRES



0lSc}|ARct (r3/s) 6.676001t-02

rRUi AtR C0r{cfltrRAIIolt t 19.t3866

l{ljltStR 0t BoARoS

lltl0fil 0r 0UIttI (r) .28i

PLlJllGt Pmt ttYtt (r)

trltR IilTPIRAIURE { C) 9.600001

ArR rilrprRArunt { c)

AIR PRISSIJRI (rBars) 1025

tillGlll 0t Jtl l l l AIR {}l) :-
Lill0ltl 0t Jtl l l l fAItR {ll) :- .?8J
Yt[mlTl ll l |t0lltt (lt/S) :- 6.?07JJ5
ItLocllY AI PLIJI{0[ P00t (ltls) :- 6.?01J35

CALCIJI.AIIO YAI.UTS TI POSIIIOII A

lttAft 0Yilililc PRtsstJRt :-  ?.218001
llAx P0SIIIYt pRtS$lJRt fLUCIUAII0II :- .6{9
llAl lltG{TIYt PRISS|JRI fLtlCI|JAIlOil :- -.625
PRISSIJRI C0tfilCtflits:

Io :-  l .? lJ705t-02
Cp :- 1 .1?9062
Cp' : -  8.1111?lt-02
Cpl :- .l l0ll0?
Cp- :-  - .31815J2

cArc|JrAli0 Yil.ljts Ai Posilt0il I

fitAll 0llltlll0 PRESS|JRT :- .615000i
llAI POSIIIIE PRESSURI F|UCIIJAII0II :- .691
llAI l{tGAIIYI PRTSS|JRE fLUCItlAII0II :- -.38?
pRtsslJRt cOttFlctil i ls:

cf,tc|JtAlt0 fAt|Jis $l Poslll0l{ 0

lltAlt OYilnill0 PRISS|JRI :- .5{1000J
llAI P0SIIlft PRtSS|Jflt f[UClUell0ll :- .6160001
llAI lti0Alllt PRTSS|JRE ft|J0I||fIl0ll :- -.13{

PRESSURI IOTFFICITI{I$ :
Io :- .199630?
Cp :-  .?t559I5
Cp' :- 5.197681t-0?
Cpt :-  .3l l5 l l8
Cp- :- -.1700?1

CAtCUtAIiO YALIJTS AI POSIIIOII I

iltAil 0fiiAillc PRtsslJS[ : -  I
llAt POslIItt PRTSSI,RI fLUCIlJAII0II :- .9180001
llAt lltGfill{t PR[$SI,|RE FIUCIIICIl0ll :- -.616

PRISSURT COIf FICITI{IS :
Ip :-  .198
CP : - .5090i52
Cp' : -  .1001909
Cpt :-  . {613011
CP-. : -  - 'J111115

t n

ln

cpl
I ' n  -

.168992 2

.3?8J3{2
5.518591t-02
. t5J?7 7 J
.1911552

COLCUIAiIO YRI.IJIS AT POsIIIOII C

iltAr{ 0iltAiltc PREssljRt : -  I .991
llAI pOSITlllt PRtSSURt fLUCIUAII0|l :- .118
llAI lliGAIlYt PRtSSURt ft|JCIUATI0ll :- -.iIJ000l
PRtSSIJRI COtf f lctfttis:

IP :-  8. l i5 l?l t -02
Cp :-  1.015016
Cp' :  -  8.50105?t-02
cPt :-  -5801651
Cp- :-  - .3911919

A.  30

ALL PTBSSURB HEASURBI{8}ITS IN HBTIES



i 0lscllAR0t {r3/s) .01166

i IRUI AIR CoilCftirRAiloil t 19.7583

i iluil8ER 0f 80AR0s 2

i ilrr0fir 0f 0t,il.il (r) .283

i Ptul{6t P00l ttTEL (r) .11 I
I

I

cAtclJtAlt0 tAtl,ts RI P0sllloil 0

llt{il 0Yl{AlllC PRISSI]RI :- o
llAI P0SIIM pRtSS|JRi tl|JCIUAIl0ll :- 0
llAI lltGAIM PRISSi|RI fLUClU0ll0ll:- 0
PRTSS|JRI COEIFICITIIIS :

ID :-  0
C D : - o
cp' :- o
Cpt : -  0
cp- :- o

cALCUtAlto veluf$ AI PostIloil f

lltAl{ 0YllAlll0 PRISSIJRE :- .1920001
llAI POSlllYt PRI$S|JRE fI|JCIUAIl0ll :- .665
llAI llt0Alll|t pRtSS|JRt fLUCI0AIl0ll:- -.35

PRESS|JRT COTf f ICITIIIS :
Ip :-  .3035112
Cp :- .{15682?- 
Cp' : -  .135?96i
Cpt :- .1560611
CP- :- -.1979302

i rArtR III{PERAIURT ( C) 9

i ArR Tfl|PTRAT|,RE ( C) e.l

i AIRPRtsslJRt ($ars) l0?5

ttl l6lll 0F iEI Il{ AIR (ll) :-
ttl lGTll 0F Jtl l l l fAItR (l,t) :- .?8J
ftlmllf l l l l l0lllt (ltls) :- 1.15j196
YELOcllt AI PL|Jll6t PmL (il/s) :- {.15I{96

CAI.C|JTAITO IALUES AI POSIIIOIT A

lliAll 0YllAlll0 PRISSURI :- .8970001
IAI P0SIIlft PRISSIJRI IL|JCIUAII0II :- .561
llRI lltOAIIlE PR[SS||R[ F||JCI|JAII0II :- -.1550001
PRT$SI,RT COTFFICIEIIIS :

Ip :-  . l28205l
Cp :-  1.0198i9
CD' :-  .13071S5
Cp+ :-  .6Jt8t5J
Cp- :-  - .5l lJ09J

CATCt.lI.RITO YAt|,,is AI POSIIIOII 8

lltAll 0YllAlll0 PRISSURI :- .2t8000J
llAX POSIIIYt PRtSSURt FLUCTUlll0lt :- .{?5
llAI llt8tll lt PRESS|JRT fl||Cl|JAll0ll:- -.281
PRTSSURI COEITICITIIIS:

Ip :-  .28151?2
Cp :-  .?705929
Cp' :-  I .6l i5?l t-02
Cpl :- .{8i2009
Cp- :-  - .J2?892

cALCUtATt0 VAtt|tS RI PoSIIl0l{ C

tliAll 0YllAlllC pRtSsURt :- .8Ji0001
tfAx postTIvt pRtss|jRt fl.t|clUAIIoil :- .112
IIAI l{t0fll lYt PRISSURI fL|JCI|JATI0It:- -.539
PRTSSURT COTFFICITIIIS:

Ip :-  .18157{6
Cp :-  .9516?l
Cp' : -  .1r85001
Cpl :-  .8t56l?
Cp- :-  - .61?8125

A.31

AtL PNBSSURE I{BASlJREI{8I{TS I}I ilETT8S



0lSCllARGt (rJ/s) 6.616001t-02

IRUI AIR C0ltcilfiRAII0t{ I 19.t6763

lrtlilEtR 0f 80AR0s

}ltl6ttl 0F 0UIlil (r) l. 301

PltltlGt P00t LtVtt (r) . l t i

mrtR tilrPtRAr|JRr { c)

{tR IfilPtRAIURI ( C) 8.100001

AIR PRISSURI (r8ars) l0l 8

LillGllt 0t Jtl lll AIR (ll) :- .5J
Ltlt0lll 0F JtI lll lAltn (i) :- .111
Ytlmllt lll ll0lltt {lt/s) :- 6.?0e516
ftlmilY At Pr|,nor P00r ([/s) :- 6.996]12

cil.ctJLAlto YAtt,ts AI p0stlloil A

ni{l{ ofilAiltc pRtssl,Rt
l lt l POSlllYt PRISS|JRE fL||CItJAII0II :- 1.812
flAI llt6{lltt PRISSIJRI ftt|Cl|Jell0ll :- -l.OlJ

PRESSIJRT COTTFICIEIIIS :

cAr.cur*Tt0 YAtlJts fil posiltot{ 0

lrtAr{ 0Yil$illc pRtss|.,Rt :- .{560007
IIAI POSIIIYt PRtsStJRt tt|Jcli|{Il0ll :- l.?15
llAI llt8tllYt PRISS|IRI fL|J0ltjeflOil :- -.6290001

PRTSS|JRT COTIFICITIIIS :
To :-  .5115606
Cp :-  . l82l0l3
Cp' : -  .10191?9
cpr :- .68il12
Co- :-  - .?52015?

CALC|JLAIIO YAL|JIS II POSIIIOII f

lltAll 0YllAlll0 PRISSURI :- .5J50006
ll*I POSIIItt PRtSsl,Rt tIUCT|Jfill0ll :- 1.166
lltl l l i8lllft pRfs$t|Rt rt|JclUAIl0ll :- -.1120001
PRTSSIJRT COTf FIC ITilTS :

Ip
Cp
cp'
cpr
Cp-

.1J9281i

.  I t9{?5J

.1666116

. 1259961

.1 I 18885

.6J858

.180698

. l l5t90l

.6e75193
-.2668t96

.91 10006

. t50{668

.21{35J{
9.6 55908t-02
.581J6r7
.29328i2

cAtcljtATt0 vAr|JEs tT PostTtolt I

iltAlr 0ililitc pRt$stlRt
ilRr Posiltvt pRtssljRt ilucl|JAli0t{
}IAI IITGAIIYi PRESSIJRT FL|]CI|,IIIOII
PRTSSIjRI COIf FICIIIIIS:

: - . {51000?
: -  1 .111
:- - .6660001

t n

Cp
t/P

cpt
f n -

Ip
vP

rp
cp+
l n -

cAlc|Jr.ATt0 yALlJts Ar posiltoil c

lrtAlr 0il{A}ilc tfltss|JRf
ItAx P0SITM PRISSI,RI fIt|CIlJAIl0ll:- I.1?I
llAI lltGnllYt PRtSSlJRt ftljcltl{ll0ll :- -.858
PRTSS|JRI COTFf ICITIIIS :

lp

cp'
cp{
Cp-

.1216119

. l l lJ56

.1{??J{ l
1.251262

-.3137661

,81?0006

A.32

ALL PRESSlJRE IIEAS|JRBI{8llTS III I{ETNES



I 0lscllARct (r3/s) .01166

i IRUI fitR C0lrcfltTRAIl0lt t 19.76199

lttlilEtR 0t 80AR0s

IttlOl|I 0f OlJlttl (r) 1 . J 0 7

Pt|Jll0t P00t LtYtL (r) .111

rArrR lflrPtRArljRr ( c) 9.100001

f,rR ftfiPrRArlJRr ( C) 7 . 9

i AIR PRtSStlR[ (rBars) l0l8

tEllGlll 0t Jtl Il{ AIR {l{) :- .53
Ltlf0lH 0f Jtl l lt fAItR (lt) :- .111
vtlmllY lll l l0llLt (lUs) :- 1.15J68t
vtt&llY AI PLUltGf Pm (il/s) :- 5.258188

CALCIITAITO VAL|JIS AT POSIIIOII R

iltAlr 0YltAiltc PRtsstJRt
llAI POSIIIII PRISS|JRE fLllCIUeII0ll :- .951
IIAX lltgAllVt PRISSIJRI rtUCIUAll0ll :- -,21J

PRTSSIJRT COTTFICITIIIS:

.1080006

CALCI,TAIIO VATUT$ TI POSITIOil O

lltAll 0tllAlll0 PRISSURI :- 2.900058t-02
llfiI POSIlllt PRISS|JRI fLUCIUtII0ll :' .7i9
llAI llt0AlIYt PR[S$|JR[ tl.tJCIlJeII0l{ :- -.?11

PRTSSIJRT COTFFICIIIIIS:
Tp
Cp
cp'
cp+
Cp-

1.09258i
r.66t6l8t-02
8. Jt098Jt-02
.6116115
.172r855

2.18? ?09
?.05151 tr-0?
s. l07t l8t-02
.52{ 2505
. 15l8t27

Ip
Cp
cp'
cpl
Cp-

cAtcutAlt0 fAltjts AI Posntoil I

lltAlt 0Yl{A}llC PRISSIJRI :- .0110006
llAI pOSIllYt pRESS|JR[ tLUCIlJATI0II :- .197
llAI lltGAIlYt PRtSS|lRt fttJCTl|AIIOil:- -.205

PRTSSURT COEFTICITIITS:

cAtctlt{tt0 vAt|Jts AI Postil0l{ f

lrtAr{ 0Yil{lltc PRissuRt
IIAT POSIIIVT PRTSSURE
nAx lrt0AlIIt PRtssl,Rt
PRTSSI}RE COTFFICITIIiS:

: - 2. ?00061I-0?
ftUCItJAflOil :- .53{
ftlJClUAIIOil :- -.?000001

Ip
Cp
L P

cpt
Cp-

? .  l51Jl3
2.62{812t-0?
6.1718?t t -0?
.565t96
. l {  51 28t

2.681i11
1.560r35i-02
{.18519?t-02
. J ? 88??{
.11188u

Tp
Cp
cp'
cpl
Cp-

CATCULRITO IRL|JES AT POSIIIOII C

l ltAl{ 0YllAlll0 pRtSSURt :- .0910006
ItAI POSIIIft PRtSS|JR[ FLUCIUfiII0t{ :- .9250001
llAI lltOAIIlt pRtSS|JRt tLUCIUATI0II :- -.?08
PRTSSI|RI COIFFICITIITS :

.  918117 8
6 .881?l5t-02
6.5?6529t-02
. 65{ 78 t2
. l{1 5561

r p

Cp
Cp'
cpf
Cp-

A.  33

ALt PRESSURE I{8ASUflEI{B}lTS III I{BT[8S



i 0tscflAR0t (r3/s) 6.6t6o0lt-02

I lRtJt f,lR C0ltcitrlRf,iloil t 19.t9315

i il|Jll8tR 0F 80iR0s 2 I
I

I
I| flrr$rr 0f 0urt_rr h) i.301

i Pttjll0t P00t ttltl {r) .3eJ

I fArrR rrilPrRArtjRr ( c) 8.59999e

i ArR rflrprRArl,Rr ( c) 6.8

I AIR PRISSURI (r8ars) l0l0

ttllGlll 0f Jtl l l l $lR (ll) :- .91{0001
LtllOlll 0f Jfl l l l ||AIIR (ll) :- .I9J
l|tt0cllY Ill l l0lltt {ll ls) :- 6.2115t6
ftl0crrY Ar prljlr0r p00r (fils) :- r.5lt31

crtct,tAltD lfit|Jts Al Postil0il t

l,ltAll 0fll{lll0 PRTSSI|RI :- 2.115001
llAI POSIllIt PRISSt|R[ tlUCfUAII0ll :- 1.16
llAX lltGAIItt PRTSS|JRE ILIJCIIJAII0It :- -1.88
PRTSSIJRI COTf IIC IIIIIS :

IP : - .1358178
Cp :- .8382081
Cp' : -  . l lJ8{I6
Cpi :-  .10?6111
Cp- :-  - .65?5181

CRTCIJIAIEO VRLUTS AT POSIIIO}I 8

lltAll 0lllAlll0 PRISS|JRI :- .181000J
inl P0SIIM pRtSSljRt ftUCIlJArloil:- 1.59
ilAX ilrGf,llYE pRtSSURt ftl|OIt!AII0ll:- -.712
PRTSSURT COTFFICIfilTS:

Io :-  . iJ45112
Cp :  -  .1669{75
Cp' : -  7.251057t-02
Cp{ :-  .55186J6
CP- :-  - .2515361

CALC|JLATTO VATlJIS AI POSIiIOII C

l{tAll 0Yl{ll l l0 PRIS$|JRE :- 2.181
ilAx POSIIIVt PRtSSIJRI tLUCItlATI0II :- 2.395
llAX l{t6AIIYt PRtSSlJRt tLUCIUATI0I{ :- -l.l5J
PRTSStlRT COTFFICITI{TS :

ip :-  .178811
cP :- .7569901
Cp' : -  .13536?8
cpr :-  .8J1266J
Co- :-  - .608{381

cArcuLett0 vAt|Jts rr P0$lll0ll 0

fltAll 0lflAlllC PRISS|JRI :- .6610003
IiAX POSIflyt PRtSSIJRI fl.UCIt|AflOil :- 1.611
llAI llt00lllt PRtss|JRt tt|JCI|JAIl0ll :- -.1180001

PRTSS|]RT COTTFICIIIIIS :
Ip :-  .1251131
Cp :- .2291221
CP' :-  9.153061t-02
Cpr :-  .58?06
Cp- :-  - .2561181

CALCUTATTO YALI,IS AI POSIIIOII F

lltfill OYllAltl0 PRISSIJRI :- l.?58
ilnx POSITM PRISSIJRI tL|JCI|JAIlOll:- l.J{9
llA)( llt6ATlft PRISSUf,t tt|JCI|JAIl0ll :- -1.282

PRTSSIJRT COTIFICITilTS :
Ip :-  .1117853
CP :-  .1365J19
Cp' : -  .1J11153
Cp+ :-  .168216{
CP- :-  - .1119618

A .  3 4

ALL PRBSSURE I{EASUREI{EIITS 1N I{ETNBS



0ISCl|ARGt (rUs) .0{166

IRlJt AIR Cot{CtiltRATI0}{ t 19.81612

ll|JltEtR 0t 80AR0s

llElElll 0f OUIl.II (r) 1.307

Ptull0t Pmt ttVtt (r) . t92

rAltR r0rptRAlljRt ( c) 8.I

ilR IiltPtRAr|JRr ( C) 7.6

tlR PRtSS|JRI (rBars) l0l0

til lGlfi 0r ltl l l l f,lR {lt) :- .9150001
LillGI}| 0f IEI Ill IAIIR (ll) :- .J92
ItlocllY Ill l{0111-f (lt/s) :- 1.156191
YttOCIIY tl PtlJllct P00L {ll/S) :- 5.9J{9li

cAtclltAIto vAttjts AI Posiltoil A

lltAll 0ll{Allt0 PRISSI|RI :- .91i000J
llAI P0slrlfE PRISS|JRI fLUCIUAII0II :- 1.2J8
lltl llEGRIlfE PRtSSURI ft|JCI|Jf,Il0ll :- -.99{
PRTSSIjRT COETFIC ITIIIS ;

cArct,LATt0 ',AtlJts il P0sllloll 0

llEAl{ 0lilnfil0 PRISSURI :- .1900005
ItAx P0sllltE PR[$S|JR[ ftUCItlAIl0ll :- l.ll9
llAI fifGAIM PRISSIJRE ttUCIllnIl0ll :- -.568

PRTSSURI COEf FICIT}IIS :
In

Cp
cp'
cp+
Cp-

t n

fn

t,y

cp+
Cp-

r P

fn

vp

cpt
Cp-

I n

rp
cpl
Cp-

:-  .36?7951
:- .51181{l
:  -  .1965676
:- .6895788
:- - .5535078

.8i210J8

.105801 5
8.909581t-02
.62I l tJ8
.201920{

Ip
Cp
cp'
cp{
l n -

cArct,tf,tt0 yAl|Jts AT postitoil I

ilEAlr DIt{Aitc pRtss|]Rf
Itf,X POSIIIYt PRtSSURI FII|CIU{II0ll :- 1.226
llAI lltGRIIYi PRtSSIJRI ft|]CIUAII0ll :- -.{15
PRISSURT COIf f ICIi}IIS :

. 9181 768

. 102160J
9.110115t-02
. 68269 6 l
. ?J109?l

. t8{000I

.7500003

.5775t91

.2082616

. l2B2l 91
,6025t05
.21i8676

cAtctlutto YALuts Al Posilt0lr f

iltAt{ 0ft{{iltc PRtsslJRt r- .3f10001
llAX POSlllft PRISS|JRT ft|JCI|J*ll0ll :- 1.08?
llAI ilt0AlIYt PRESS|JRT F|IJCII|AII0II:- -.1i9

PRtSSIJRI COEtf ICliilr$:

CALCUTAITO YAL|JTS AI POSIIIOII C

iltAil 0fi{{iltc PRtssljRt
ilnI POSIIIYt pRtSSURt tttl0ItJAII0ll :- 2.261
llA)( llt6AIM PRISSURI f|"|JCIIJAII0l{ :- -.809
PRISSIJRI COIFFICIII{IS :

.  {?5J3J2

.1 I  16J68

.1176J48
I . ?590J 5

-.1501907

A.  35
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i 0tscl|ARor (rJ/s) 6.6?6001r-0?

i IRt|[ AIR C0ilC${tRATIoil t 19.t7891

i illjil8tR 0t 80AR0s 0

i ||i lGl|I 0f 0Utrtr (r) 1.J07

i rAItR riltptRil|JRr (c) e

| f,rR HrPrRAr|JRr { c) 8.5

I AIR PRISSURI (r8ars) l0t8

LtllGlil 0f iEI Il| AIR (l,|) :- 1.J01
Itll0ll| 0F Jtl l l l IAIIR (ll) :- 0
ttt00IIY lll fl0lll-i (ll/s) :- 6.2101{9
vtLocllY AI Pl|Jllct p00L (ltls) :- 8.012812

CALCUI.TITO YAI.|JTS AI POSIIIOII A

llRI POSlllyt pRtSSURf ft|JCI|JAll0ll :- l.{69
fiAI llt8AllYf PRISSi|RI fLUClUAIl0ll :- -1.{15
PRTSSURT COTf FICITIIIS :

Tp :-  . l l121J
Cp : - .82i600{
Cp' :- .110587J
cpl :- .1187611
Cp- :-  - .1505971

ctLct,tfit0 YAL|Jts tI P0stTl0lt I

l,|AI POSIIIYt PRISSURI FL|JCIUAIl0ll :- ?.?13
llAI lltGATIYt PRESSURI F|IJCII|AII0II :- -.7110001
PRTSS|JRT COIFFIC IT}I1S :

Tp :-  .J90lJ45
Cp :-  .?0{Ji26
Co' :  -  1.913282t-0?
Cp+ ;-  .6821585
Cp- :-  - .2?82009 *

CAICI,LATTO '/ALUIS AI POSIIIOil C

lltAl{ 0Yt{AillC PRISSIJRI :- ?.511
llAI POSIIIYt PRTSStlRI FLUCItlAll0ll :- 2.1?1
ItAI llt0{llyt PRtSStJRt tLIJCIUAII0II :- -1.507
PRTSSI,RT COIf FICIIIIIS:

Ig :- . 11982Jl
Cp :-  . I i68601
Cp' : -  . l16Jl l6
Cpi : -  . t2{J162
Cp- :-  - .160371

CAI.C|JLTITO YAtl|tS AI POSIIIOII O

llRI POSIIIII PR[S$I|R[ F|.|JCIUAIl0l{ :- 2.115
llAI lli0AlIYt PRISSURI fL|JCI|JAll0ll :' -.658

PRES$|JRI COTFFICIIIITS :
Ip :-  .1256851
Cp :-  .?l l l011
Co' : -  9.0119{1t-02
Cpl :-  .6161108
Cp- :-  - .2010122

CALC|JTAITO IfiL|JIS AI POSIIIOI{ F

tlAI POslllYt PRISSIIRI rl|JCIIJAII0ll :- 1.601
llAI l{tGAIItt PRISS|JRI FL|JCT|JAII0II :- -1.506

PRTSS|JRI COTTf IC IIIIIS:
lP :-  .21161??
Cp :-  .5101789
Cp' :-  . l l l9{5J
Cpt :-  .1909??
CP- :-  - .1600676
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i 0lscllAR8t (r3/s) .0{166

i rRljt AIR ColrcflitRAil0il t 19.79?99

i r{uil8tR 0t 800R0s

i flrr0ilt 0t 0|Jrlfl (r) l.J0j

I rAlrR ril,tPrRArt,Rr ( c) e.J

i {rR rflrPfRArl,Rr { c)

i f,lR PRtSS|JRI (r8ars)

Ltll0lll 0f JEI llt 0lR {ll) :- 1.J0j
Ltll0lll 0f Jtl Il{ fAItR (ll) :- 0
vttmllY lll l l0lllf (ll/s) :- 1.155?93
ltLmlTf tl Ptl|l{0t p00t (lt/s) :- 6.519958

cntc|.,iAlt0 YAt|Jts At p0sl1loil A

lltfill 0lllAlll0 PRISSIJRI :- 1.186
llll POSIlltE PRtS$IJRI tLIJCIlJAII0I{ :- 1.67J
llAI llt0{Iltt PRISSURI fIUCIIJAIl0ll :- -1.252
PRISS|JRI COttf rctfliIS:

cil.ct,lAli0 fAtuts At Posntoil 0

llEAll 0lllAlll0 PRISSURI :- .{i9
llAI p0SIllYt PRISSURI tL|JClUAIl0ll :- 1.932
llAI lltgtllYt PRISSURI F||JCIUAIl0ll :- -.55J0001

PRISStlR[ COiFFIC]IilTS:
. ?{18116
.2001031
.1191986
.883?i61
.25?8219 *

crrc|JtAlt0 YeLlJts RI P0silt0r{ f

l ltAll 0YllAlllC PRISSURI :- .?89
llAI POSIIiYt PRiSSURt tL|Jclt,AII0ll :- 1.1?1
llAI l{t8AllYt PRESSURI FLIJClUAllOil:- -.861

PRTSSIJRI COIIFICIIII]S:
: -  .5115751
: -  .J60 i169
:- .1856161
: -  .  i8955{l
: -  - .396311? * '

Tp
Cp
cp'
cpt
Cp-

I N

f n

!P

cpt
Cp-

r P

Cp'
cpl
Cp-

.3211509

.5819366

. l888l6J

. 1618663
- .5t 239?1

cttcutAlt0 vAt|Jts AI posnt0t{ I

IttAll 0YllAlll0 PRISSURI :- .f5t
llAI POSITM PRISSIJRI TLIJCIUATI0II:- 1.982
IIRI llt0AlIYt PRISSI|RI FL|JCI|JAII0It :- -.5{9
PRTSS|JRT COEITICI IIIIS :

: -  .  11611l9
:-  .?061893
: -  . l5 l?816
:- .9061i56
:- - .?5099J? X

cAtcljutto yAtljts AI Posilt0t{ c

lttAlt 0YilAlilc PRtsstjRt
llAI pOSIIIYt PRtSSljR[ FIUCIUAII0II :- J.815
||nI iltGAilVt PRISSI]RI FLtlCTlJAIlOil:- -1.079
PRISSIJRT COIf IICITIIIS :

Ip
Cp
Cp'
cpt
Cp-

I I I ,

: -  .  J7511l i
: -  .5115505
: -  .1913025
: -  1 .751861
: -  - .19J2999
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