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INTRODUCTION

Investigetions of the vortex motion, and in
perticular the free vortex motion, were curried out
on o simplified model of & logarithmic spirel cesing
designed to give free vortex flow. The experimental
results were remarkably close to that of &« free vortex,
although the vortex centre did not coincide with the
centre of the cesing. The effect of viscosity on the
pattern of free vortex motion was examined theoretically
and the results were found to sgree with the experimental

- ¢conclugions,

The distribution of energy inside the
cesing is described and the existance of & region in
which the totel hecd tube recorded & totel energy
higher then the inlet energy of the flow, was confirmed.,
This parsdoxicel phenoménon,was confirmed visuslly, by
chemical smoke, and recorded by photcgraphy.‘After
eiamining severai,possiblefcauses, this epparent excess
energy was found to be due to the rotation of the

vortex sxis, .



CHAPTHE I

VORTEX NOTION

Helmholtz was the first to investipate the
subject of vortex motion in a paper in IES5E "™ On the
Integrals of the Hydrodynamical Louations Corresponding
to Vortex lMoticns", He demonstfated several laws
concerning their beheviour, These laws are as follows:
I, A vortex is of constant strength along its length

und cannot terminate &t & point within the fluid
except at & boundeary, | ‘
2. The vorticity, § = %%f,- %&5 of @& particle of
a frictionless fluid does not change with time,
Consequently, the vorticity is constunt along the
streem lines of such a fluid in stesdy moiich.

These laws ure applicable to ‘ideal vortices,

Considering the free vortex motion for
idezl fluide, the ecuation v = —%— , would imply that
the velocily becomes infinilly lurge as ithe radius is
decreased to zero. Ouviously this is an impossible
condition, In real [luids, viscous eftects which were
neglected i deriving the ecuztion v = —%— , are
expected to cause & portion of the fluid in the region
near the vortex centre to rotate like & solid body.
Qutside this centrel core is the free vortex region,
There must oI course te a gradual transiticn between

the two regions, rather tnun & sharp devision,
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In this chaplter, the efifect of viscosity on the
two dimensionzl free vortex flow, is examined theoreticelly,
Considering & simple spirel vortex, the equatlonv of motion
for the two dimensionsl : sbeady flow in cylindricel poler
coordinates arc! -
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 where is the radial velocity,
s the tangential velocity,
is the density,
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is the kinemstic viscosity,
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. For motion symmetrical about the axis, so that

:}é:o , the equations become:

du _ ¢t _1 d A td
T T TR w ¢t ’[ it & AN B (4)
u.él." wy o d’v- L v v

a ¥ 9[ L v r’] ““““ (5)

and the equation of continuity gives u:ir , where

- flow per unit width
q >

Equation (4) gives %o = ( l.&i:_kf").,./uxo ______ (6)

We are interested in the spiral vortex in which
the m‘otion is nearly vr = ¢ ., Thus the solution is
conveniently written as v =¢/p +f(r) , where f(r)is
that small deviation from vr = constant, which occurs

due to viscous stress,

=g 4 dv _-c L dv
v A T r2 o dr
& _ 2c L diV
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X L .{j*l‘}\(\i - (f««r\'}ﬂ\ e 0,

This gives oI

A+I
vV oz’ f* o%}

The first term is the.free vortex, vhile

‘the second term gives the deviation due to viscosity,

—l

This means that viscosity changes the pattern of the

free vortex, The amount of deviation increasses as

A= q/9 decresses. For large values of A,i.e.,, for

emall kinematic viscosilties, the eficet of viscous

stresses on the free vortex pattern: is negligible,

end the function of the second term would be to bring

the velocity dowm to zerc at a finite distance from
the centre, instead from at infinity, figure(I),
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This agrees with the experimental results
discussed later, where A was -« I.397 4 104
'ﬁhich is quite large, and the effect of the viscosity

on the pattern of flow was negligible,



Experimental Procedure

Apparatus: A simplified spiral casing with rectangular
cross section, shown in figure (2), was used. It is
three inches wide and its side wall is a logarithmic
spiral of g0’ spiral angle, R = 6 ee e 80.. The throat
is 5% inches diameter. Air was drawn.through the
casing,then through a diverging pipe, by a 12 inches
diameter fan, The amount of flow was regulated by
varying the fan speed.

‘The front and side of the casing are made
of perspex.;Tﬁé back is made of wood and painted
black to enable visual observation of the stream
lines by using smoke, The measuring points, 2 inches
apart, are on movable slides to enable taking measurements
at any point on tén radial sections, THere is also one
measuring point at & radius of four inches and 360 °
with inlet, Measuring points not in use were sealed .
with flush fitting brass plugs. Readings were only taken
at‘radii of four inches or more, where the flow could
be safely assumed to be two dimensional.

Preliminery tests gave velocity distributions
far from that of a free vortex., This was much improved
by placing & fine mesh wire gauze cylinder, 54 inches
diameter, in the centre of the casing, With this gauze,
reasonably uniform velocity distritutions along axial
lines were obtained., (Velocity distributions were uniform

within about 2%.)
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An zlchol sloping tube manometer connected
to an arrow-head yawmeter, a total head tube,or a
disc static tube, was used for measuring the direction
of flow, the total head;or the static heed inside the
casing. For measuring the static heads af the front wall,
the manometer was connected to a I/32 inch hole in one
of the brass plugs.

The .static pressure at the front wall at a
radius of 6 inches and I120° with the inlet, was measured
onn another similar manometer and taken as an indication
of the flow through the casing, This was kept constant
throughout the investigation of the corresponding flow.

The amount of flow was calculated from the
messured velocity distributions at the section making
40° with inlet, taking into account the small radial

flow between the lip and that section, appendix (3).

Measuring instruments

I, Static_Head: Owing to the stream lines being curved,
it was théought that the

Frtot Tube
usual pitot tube would , L::::T~*—

not be suitable feor -

measuring the static

" head, figure (3).
- On the other hand, /;;;;;;;EQB

. & thin straight tube

Frgure (3)
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inserted so that the opening
at its end is in the plane of
" the stream lines, gives a
misleading measurement due

to the large amount of
induction caused by the air
flowing across the end of the
tube, figure (4).

Professor Unwin found
that a plate placed across at
the end of the tube prevents
this inductive action, and
subsequently Heenan and Gilbert
used a disc static tube, figure
(5), for measuring static heads.
They found that it gave very
correct results.

The author used & tube
similar to that used by Heenan
and Gilgert, but with different
dimensions, figure (6). It was
calibrated against & pitot
tube, for straight stream
lines, and the readings were
identicel, The curves in
figure (7 ),give the error

in the measured head when

™

Frqure( 4)

N

F?:}ure( 5 )

I "
P S 32
8 T o= — 4"
o b =1
%6 ; yZzz 1| |
T
Disc StaticTube

-F7zuf€( 6)
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the disc is inclined to the plane of the stream lines,
It shows thet for a deviation of 2° which is the maximum

expected, the possible error is I% of the velocity head.

glfniréction of Flow: An arrow-héad type of Yawmeter

was used for measuring the
air direction. Two I/I6 th,
inch tubes are placed '

symmetrically with respect 4_?

to the aerodynamic - centre %
line, as shown in figure

(8). The pressures recorded

by both these tubes will » %" ,/;5.

then be the same when the 2> _%f;g¥==?=5

air direction and the /950
aerodynamic centre line Arrow Head\‘l’awrﬂffﬂ‘
coincide, But if the Figure(8)

direction of the flow is
changed, e differential pressure will be recorded. .

The author agrees with Carter, Andrews and
Shaw, that this type of yawmeter is more suitable than-
the claw type, as it is more robust and therefore
maintains its calibration, ' |

To estimate the degree of accuracy of the

direction measurement, the yawmeter centre line was
deviated from the direction of the flow, and a curve
wes drawn for the differentisl head recorded by the
manometer against the angle of deviaticn, It is cleer
from this curve, shown in figure (9 ), that & deviation

of one degree causes an increase, or decrease, of one
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millimeter on the manometer, and & change of one third
- of & degree was reedily detectable,

To measure the direction of flow and the total
‘head with one instrument, & pitot cylinder was later
used after being calibrated against the yawmeter for
the direction messurement, They egreed within the
limits of measurement, namely one thlrd of a degree,

32 Totel Head: When : Y
the yawmeter was used for e
mea.suring the direction of

flow, the total hesd was mees /2%
messured by & tetal head |

Tolal Head Tube
tube shown in figure(IO0). ~

, Figure (10)
For convenilence, this wes -JEL—J;—-
later replaced by a pitot cylinder which meeasured
both the direction and total head., When compared,

both instruments gave tbe‘samé totel head readings,

Visusl Observation of Stream Lineg

| In "Modern Developments in Fluid Dynamlcs"
it is stated that "the smoke produced by hygroscopic
salts, like titonium tetrochloride, on exposure to
air, contein a large percentage of small particles of
water held in suspension, to which they meinly owe
their obscuring powers. This presence of water makes

them heavier then air,"
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The author,however, noticed thut the smoke
generated in still air did not sink under gravity,
Titznium tetrachloride was therefore used, and was
found to give very satisfactory results. A drop of the
liguid was placed at the end of a glass rod which was
held in the &ir stream, For studying the flow close to
the wall, the drop was placed on the wall. The smoke
produced was drawn into a thin trail which remained
visible for a long distance downstreum., The front
perspex wall of thie casing is devided by radial sections
every 30°, and every section is marked every two inchés.
The beck well is peinted black, This mede it easy to
map the stream lines. ‘

There were some disudventages for using this
smoke, Besides its harmful effect on the person using
it, the hydrochloric acid‘present in the smoKke corrodes
eny metal it contacts, It also corrodes the rough edges
of the perspex, and when passing through a narrow
passage, the smoke leaves a deposit which blocks this
passage, This was experienced while using the smoke-
to illustrate the presence of cxcess energy, when the

total head tube was blocked severzl times,
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dxperimental Results

In these experiments where the flow was

3.53 cusecs., the value of 'A' in eguation (8) page 7

was .
A - _ 9 . as3 . L fol61xI0°
- Yy Vg 2m
. 4 s . .
i.e. A = - 1.397 lo which is ouite large, and

therefore according to that eocuation,the effect of
viscosity on the free vortex pattern is negligible,
The observed contours of static head at

the front wall of the casing are shown in figure(II),
They are close to & circular shape, which indicates thal
the motion is very nearly symmetrical about the axis,
&s assumed in deriving ecuations (4) and (5) page 4,
Nezar the side wall however, the spiral angle of 10
‘degrees is sufficient to give cuite large derivatives
with @ , whereas equation (7) is for the case when

%% = 0 only. Static pressures at the side wall
did not agree with the pressures at the corresponding
radii inside the casing, Also it was nol possible to
take measurements at 'vr'<4 inches in this spiral
cesing as trne Tlow in thut region is three dimensional,
and in any cease the equahion wouid be untenable there

for that reason,

Vortex Centre;

It is suggested here that the motion

observed wzs almost exactly a frec vortex, which agrees
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with the theory, but the vortexz centre 0, ; TR rot&tiﬁg
in & circle of radius 'b' round & point 'D', This
suggestion is-supported.by visual observations of water
flowing from & tunk through o vertical diverging cone,
The wxis of the central core, ut the 3Vinches diameler
iniet to the cone, was seeu to be rotatin.g in &z ecircle
about %'inch diameter, The centre of that circle was
slightly displeaced from the centre of the inlet., This
expleine the slight deviation from the free vortex for
r<i6 inches in the casing as shown below,

If v, is the instantaneous tangential
velocity &t & point P "inside the casing,figure (33),
then the measured tangential velocity v 1is in fact

the root meuzn sauare value,

-r:_—-h
-
8.

is the measuring poinl in the casing

D
v is the instantaneous tapgential velocity atP
(vi=yt w8 i small)
0, /s the vortex centre
D is the centre of the circle a’e.scrz‘bed by O
b =D, J',{=DP yp=0DP
X = OF 55 the vortex padius
= (iib - 2lbn?
e v the measured  langential  Velocity at P

Froure (33)
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_ ar
) ' ! z h = £ Cve \bfx
i,e, v = {T_rof v df where v, = = ($vebriex)
" : 20
d¢
. 1,= C‘L
' v zZ7 ’o/ Ciebt-2lbeind

By integration, this finally gives,

2

g 11

T

S vE {[‘_— or 'zrﬁ’[l-(b)l.]"

o e[t B (B A ] e
b

Since 7 is small, we can take v =

f@— L0 48)

For large values of { , v = TC
The meen tangential velocities v , figure(34),
. were obtained from the observed velocities figures (I2-31),
A larger scale of figure (54) showed that D which is
the centre of the circulaer velocity contours, is at.
(6= 90°, r = 0.065 inches). Hence the values off = DP
for the different measuring points were measured,

The velues of c(the vortex strength = vr)
= I3.43 ftﬁ./ sec, , and b = 0.52 inches gave remarkably
close results to the observed velocities as shown in

figure ( 34 ),



- ones,i,e,,near the boundaries, .

"flow tangentially, as shown

~I9-

CHAPTER 2

SECONDARY FLOW AND ENERGY DISTRIBUTIONS

EXCESS___ENERGY

SECONDARY F1.OW

It was noted
from the measured flow
directions, and also
visually, by using smoke,
that there are three
different streams in the
casing, The front and back

tend to flow radially, The

central stream tends to

ironf and
ac reams

" in diagrem (35). This confirms’ 180°
Winter, There must be a n Casing

secondary flow from the ffﬂggﬂg{;?

centre to the boundaries e

to .replace the radial flow whichithrough the wire gauze.
This secondary flow was detected by the disc tube when
measuring the static pressure along a line parallel to
the axis, It indicated a static head higher in the front
half and lower in the back half than the mean head,

diagrams (36). The difference however was only about
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two percent,
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The secondary flow is more powerfull at the
270° section, where the radiel component near the boundaries
is mﬁch larger than that at the 90° section, and
considerably larger than that at the 180° section,
figures (29),(I9) and (25), Also by comparing the static
pressure distribution at (90°,R-I4 inches), figure (49),
(180° ,Rel0 inches), figure (53), and (270° ,R=6 inches),
figure (56), the difference of head between front and
back halves increases towards the small end of the

casing.

Radial Velocity

The change in mean radial velocity with 8,i,e.,
angle with inlet, is shown in figure (37). For a flow
of 3.53 cusecs.,, the area under the curve'gives the
flow as 3.4 cusecs.,i.e,, with an error of 3.7 %.
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Pressure Distribution Inside The Casing

Graphs in figures (38) - (56), show tha total
and static head distributions at different points in
the casing., For different depths from the back of
casing,$, %, I, I}, and 2 inches, the total head curves
along radial sections are drawn in figures (58) = (62).
The inlet tolal energy is atmospheric, i.e., zero,

The Wake

The total head curves give an indication of
the wake extending from the lip of the casing, The
front and back parts of the wake, béing near the boundaries,
move more rapidly towards the axis than the central part,‘
andileaves the casing as a low grade fluid, figure (58).
Some of the centrel wake passes to the boundaries and
so it diminishes gradually, The rest disappears a little
before I80° by mixing with the fluid with exeess energy

nearby.

EXCESS _ENERGY

Measurement of the total head indicated that
there is a region in which the total energy is more
than the total inlet energy. This occured in the central
stream at the 40° , 90° , 270° and 360" sections,
figures (6I) and (62). There is no question of an error
in the measuring instrument, as these were checked and

rechecked, and by using chemical smoke, this excess



energy was illustrated and the result photographed,

~ Excess energy was first mentioned by
Mr, Firth in his M.Sc, thesis, VWhile investigating
the form of wake behind the 1ip in & similer cesing,
he noticed that the total head tube gave & reading
greater thaen the inlet head. In the following part,

this interesting ?henomenon is investigated,
Visusl Observation of Excess Bnergy

To illustrate visually the excess energy
recorded by the total head tube at several points
inside the cesing, -titanium tetrachloride was used,
The total head tube was set at & point of 4 inches
radiuvs, meking en engle of 4000 with the inlet;
and its axial distance from the back wall was 2
inches, figure (63). The total head tube was ... .
disconnected from the mahcmeter and connected to a
short glass tuve open to the atmosphere, figure (64),
When & drop of titanium tetrachloride was placed
inside this gless tube, the smoke produced wasg
blown out in the atmosphere, which indicetes that
- the total energy mee.sured by the total head tube at
that'point.was higher thon the atmospheric pressure,
i.e.; higher than the inlet energy which is atmospheric,
figures (65) ahd»(66).
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INLET CONDITIONS

To study the
effect of inlet conditions
on the flow in the casing,
and in particular on the
excess energy, a disturbance
was introduded at the
inlet. This was acheived
by allowing a paper fan,

4 inches dismeter and 1
inéh wide, to rotate in
~ the inlet air streanm,
diagranm ( 69.

Except for the
energy consumed by the
paper fan, both the

contours of static head,

Inlet

A
/

Fen Rotating ot Inlet
Diagram & 8)

figure (69), and the curves of total head, figures (70)

to_(75), have the same shape as before, The same region

of excess energy again appears, though for this to be

seen it is now necessary to base the energies not on the

étmospheric pressure but rather upon the actually

observed total energy in the region of the inlet,down

stream of the paper fan, figures (74) and (75).

This indicates that disturbances at the inlet

in themselves do not substantizlly affect the flow

pattern inside the casing,
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SHORT FLEXIELE EXTENSION TO THE LIP

A thin rubber
2.2 inches long was fixed
to the 1lip and allowed to
flutter in the air stream,
diagram (76), which it did
et a frequency of about
ten vibrations per second.
Its effect on the flow
pattern was to shift the /\

centre of the vortex ) _ \\~_//

downward's,, but the contours
of static head remained
closely circular, figure
(77 )« The cheif effect of

‘this extension was greatly

Rubber Extension
- Diagram (76 )

to augment the losses as

seen in figures (7230 .Any
possible regions of excess energy are here completely

mesked,.
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LONG EXTENSION TO THE LIP

The total head
curves mentioned before,
figures (6I) & (62),
suggests that the excess

energy only begins after ' A

the wake disappears, In . Extension |
the course of investigating CFartibion) [ 8

the origin of this excess : | [/‘~\\
energy, a long extension _//

to the lip was used; on
‘the one hand to prevent
the formation of the
wake, and on the other . Wikh Partrtion

hand to seperate the flow qugraﬂ,(sl )

in the region (B) from the
direct action of the flow
at (A). The lip thus forms a discontinuity in the pressure
system which otherwise would link (A) and (B), disgram(8I),
The ideal extension would have been one with the same
curvature as & stream line from the lip., Unfortunately
' the . streams at different depths had different curvatures,
and from a practical point of view the lip could only be
curved one'way. As seen from figure (82), it was made a
little steeper than the originsl spiral,

With the lcng extension in position, the excess
energy only appezred at (@-27di,R=4"), figure (€3). The

presence of excess energy however, shows that it is not
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connected-ﬁi%h the stresses between the flow at (&)

and the flow at (B), It also eliminates the suggestion
ofia.relation between the lip wake and excess energy.
This is supported by the fact that the total head curves
indicate that the excess energy originated a little
before the 270° section,i.e.,after the wake disappeared.
The stream lines with excess energy &t the 270° section
kept it until after the (90° - 27) section, where they
mixed with the central wake as discussed on page (2I),

It is interesting to note the effect of this
partition on the pattern of flow in the cesing, The
contours of static head, figure (82), are assuming a
" spiral shape, rather than the circular cne of the

previous experiments,
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CHAPTER 3

ROTATING GAUZE CYLINDER

Near the inlet s
of & diverging cone, Dﬁﬂi\‘ . 32%?%%92‘
supplied through a spiral -_~__:i§i
casing as in figure (83), : L
the velocities are as ﬁ'uf;(83)
shown in figure (€4),for
- which the suthor is indepted —_
~

to Mr., A.Sinbel, Near the - QauzeChndm/

‘ \
boundary there is a region 552626"/ ///’\\>\ \
¢ \
o\
/

of free vortex from A to B, : S

while near the axis from C ‘ ////%<:\m’/// y
to O the motion is very é%ﬁQQX \.\. s
nearly, though not exactly, R

a forced vortex, In that

particular experiment, the iﬁ;ﬁg;&)

: e

forced vortex area was

ecual to 39% of the cross ;O
section, or "a", the core :
- radius was equal to 0,623 , i

of the whole radius,

This gives an idee
of the kind of motion to
be expected near the eye é;a

of the casing used in the

HZure (85)
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present experiments, figure (65). Assuming that the
inside core is & forced vortex,vswr, and the outside
a free vortex, v=q& , then if 'a' is the radius

where the two join,w =c/a% The shear stressz'=/t(§¥-¥>

or T= A Y a%—/—_(%) whcre/u /s the w':»casil_'_q
.’. Z = O fOI' r<8.
and T = -2 m <. for rra .

Now in the previous investigation, excess
energy was observed at r = 6 inches,znd down to r = 4
inches which was the limit to which the measuring
instrument would reach, While theoretically there is
no reeson to suggest any abnormel chenge in the energy
distribution due to shear siress, an experiment wus
arranged to extend the area of forced vortex from
1?21.7 inches,i.e. 0.623 of eye radius, to r = 2.625
inches which is the gauze radius, particulerly to
see whether this would affect the excess energy.

This was done by rotating the geuze cylinder
anti-clockwise,i.e. in the direction of the air, with
a speed ecuzl to that of the adjacent air, As described
below, the result was negative, the pattern remained
unchanged.

For this experiment, the stetionary cylindricel
wire gouze weas replaced by znother similar one, but
fixed to a & inch shaft, This shaft was rotated by a
D.C., motor as shown in diagfam, figure (€6). It was
possible to rotate the gauze either clockwise or anti-

clockwise at different speeds which were measured by
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a'tacometer.

Incidentaliy the motion due to the gauze
rotating alone without the fen can be inferred from
figure (&7) which shows the pressures at the froat
well when the gauze was rotatea wznti-clockwise at a
speed of 4300 r.p.m., The shape of the pressure curve
at @ = 40 zgrees with the molions of smoke introduced
near the inlet; it was sucked into the cuasing between
r = & to I0 inches, but was blown out at r = 6 to 7
inches and also where r> 12 inches, as shown by the
arrowvs., '

To investigate the effect of the rotating
gauze on the normal flow, the fan was run on its own
and the air was driven through the casing as usual,
When the gauze cylinder was rotated at 2100 r.p.m,.,
anti-clockwise,i,e., with the direction of the streanm,
the flow was reduced and the fan speed hed to be
increased to keep the static pressure &t (6=IZO°,r-6
inches) = - 2.4 feet of air as before, The pressures
for both cases are civen in figure (88). According
to this graph, there is an ircrease in the stetic
_pressures, but the contours of static pressure more
or less keep fheir circular shape,

To meke more dctailed numerical comparisons,
otservations were restricted to® = 90 degrees, the
static head ot (8= 90° , r = € inches) Ueing kept
constant et - 1.4 feet of air by wdjusting the fun

speed, The gauze was rotated at different speeds,
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the anti-clockwise rotuation tuken as positive. Tigure
(69) is a diagram of the results giving the r.p.m.,

the ratio of gauze péripher&l velocity to the adjacent |
air veleeity Vo/ V¥ , and the chunge of static heza at
r = 4 inches, For V,/ VA>O, the stalic head decreases
while it increases for Vq/ V4 <0. The experiment was
repeated for several rates of flow and tie resulis are
shown in & greph of Ve / VA against the change in stutic
head at r = 4 inches, figure (90). It must be stressed
however that the change in head is small and was very
difficult to meusure, For ./ V¥, from - 2 to + I, no
change could be recordéed.

Figure (91) shows that the effect of rotating
the gauze is to increase the velocity nearby, though
only by 3¢ even when the guuze was driven at twice
the air speed. Apparently the wire gauze is adding
angular momentum to the flow long before it reaches

it.



COHCLUSION

From the theoreticol eéuatious of the spirel
motion, it wos shown thet viscocity changes the potiorn
of free vortex, Thc zmount of drviatiom depends on the
velues of the flow mnd of the kinematic visconify of
the fluid, In the experiments carried out, whers the
ratio of the flow to the kincmutic viscosity wuu large,
iv wae chowa thatl visceosity hod no effect on the
peticran, end the meolion w.s elmost oxcetly a free.
voriex, vhich agrecd with the theory, The vortexz centre
however wes rotuting in & smell eirele round & point
slightly displaced from the contre of the cosing,

As chown, the rotation of thio vortex centre
ccuses o slight pulsction in the velocilies ond
prescures ot R{6 inches, Accoraing to %, Ower, if
we toke the cimple case where both the veloeity v
end the stutic pressure p  vexy cecording to & sine
iaw, both hafiﬁg'tho same period, i.c,.

' Ve Vo ( I4&osinob)
and D= po (I40 sinct),
vhere ve and pgo wre respectively the'averaga
veloeity end stetic pressure sioul which the
fluetustions toke place, Then the pressure acting ot
the mouth of the totnl head tube ot eny time ¢ is

1PvE (I 4 sin qt)2§+ pel I #B¢cin qt) = P (sayl,



The pericdic itime is 21/ end the avercge pressure
st the mouth of the tube will be the wverage

pressure over ¢ cycle, i.c. 24

a3 P dat
2N
lece oVETLEE preﬂcure - e

2\ f‘\r,, o (\+d$mc\t) \DSA(\1(53mc\\:)X

Integroting end intreducing the limits we obtain,

EVeTL{s Press curec m po +'»'(v£(1+472)¢
Hence tue averuge pressure acting et the mouth
of the ﬁotal‘he&d tube exceeds tiet due to the sum of
the stetic prescurce and the velocily heod correspeonding
to the everoge vel eity, '

It must be mentioned however, thul in the
previéd& experiments, these fluctuations and QLCCBS
energy only occurcd ‘@b redii less then 6 &nchew, and
therefore they do not efiect the invoctigetions of the
vortex motion, In the region of R belwcen 6 qndié'inches,
the cverege oxcess cnergy ic 0001 of the veolocity head,
This gives o= 0,14 , i,e,, vciocity fluctuctes Ly
chout I4 $ of its meun velue, whierecs newrsr to the

eatre of the ceceing the flow would be very unsteady,



~39.

— [ J
[_— 4
‘ +5

o/ w
- - - - « *—« —
Flew +4 Flow
N
x :
S velocity = 84.5 F%c.‘ /
< B—
X iX;=///.5 frofarr) l
| A ‘
| } a
| :
| N ¥
Yy y
: +2 /
: Y -4 ‘
; 3
| 3
i \Y] »
. ¥ |
| £ Ve locity =553 Fkle. é
VVVVVVV N, + (v -47.8 ftoir)
, E L ‘ , zy
1 < |
| ' | |
i 2z = e
Angle of /nclination
+ 1/
g .

’
d

-3

Figure ( 7

).

Disc Stabic Tube

Error

’n Measured Static Head due 65

inclinalror

to

the

Flow.

of Disc



~40-

a
79)

E_fo/erent/b/ Head (ManemelterPeadip
(1 Devision = 01945 FéloFair )

30

.. 20

-93° 40" 35" 30° .25° 20" 157 -0 -5 . +5° W6 wms

‘ Angle Between Jawmeter

and Direction of Flow . \
| i ‘ | -.

| f ~

7

Figure (9 ) . Jawmeter (arrov- head type)

Djfferential! Heaq - Angle befween the centre /line

of the Yawmeter and lhe direction of air
(Ve/ac/_‘_é_, of air 9.5 fHfsec )




F ¢ . ' ‘
rqure (I )a Contours of Stalic Head atfront Wall (fto

(Flow = 3.53 cusecs.)




-4 D

Radrus /n nches
/6 5 14 /3 73 /7 10 9 8 7 5
! ! !

270"

Figure (11 Jo.Static Head at front Wall

(Flow = 3.53 cusecs.)




¥¢lam'§ FE
0 10 20 /3’3‘ 40
5 ] * i N =
A 4
/ k | 7 e
qu')Jgt}l'idl deg ! i
; ) |
' : : ‘; ' }
2cc K ' - _l. i 4
. ! 1 1
\ | f I \ Direltion |
l a ‘. of Flow
. i : i ¥
l _ L ' \ |
I“ | Radlal Ve/au[‘z ‘ /] i
( . , Total |Velocily ,t ( }
\‘ | : .\\ ;
b & " ® =~
c'j

&‘kw‘l' ! '. 900 IW' 710° ‘”-
. Direckion of Flow

Mean Tangenb tal Velaabﬂo.g., f fhec. 90 Tanyential

Mean Radial I/elocil-’ =473 fHsec. . 180° Radial ]

Fiqure (12) . Velocibies § Direction of Flow
Ab Q- 40" ,R= 4 inc hes (F/Ou/=353 cusecs.)

0 10 20V¢/ocit'g 30 Féfsec. |
R ! o Tam, ' - : [
/ | ‘ A
! | Tangdntial VC/JU_'Q ' ; ‘ Pt , |
o S f
2. S b i ! 1 J
l | R
\ . !
t || Direckion
’ } . Radidl Veocity | , 0 i FTw
} . i ‘ Y
\'/ Total Velocity | ‘ : A\
. ! - -» ! A -
S
0 Bac wu. L = ,cly /o-o /10 120°
‘ o. .. .
Mean 75n_’enél'al Vc/acl'fy;ﬂ( Fhfsee Direction of £low

[ 90'7,(,&{/:'/;51:4{/
: 150° 8
Fiqure (13) . Velocities & Direckion’ of Flow

AE @40 , R =5 inches (Flow =353 cusecs.)




) B
Velocily  ff/sec

9 10 2 ) 40
) R
/ ngential / :
Vc/ou'l'g /
i,_J/_, _ _J. ) ) /
i /
Radiaf Velocily |l Eit'_c_ilcl‘ion
i i of Mfow
" l’/ i ‘/
! S |
|
Tatal valeity i
\ / ) ‘.\\
0 . /' ’“J‘.__
Back Wall - 90° 160° _ 1o° . 120"
Mean Eycnh'q/ K;/,‘,:é’ =212 fHses. : D irection ef flsw

g Tangential :
e 25
Fiqure (/94). Velocities &.D/FCCfton of Flow

At @= 40’ , R= 6 inches (FIaw:.?.ss cuccs.)

; FE/sec.
/ 20 Velocity /:',/a 0
. . - \._\? [ ( /
| Teapgptial v:i"“’,\;! | |
[; ; '
| : N
l 1 ' | ‘ Direchin
. Rad'-blVeIoeifJ . I | o Flaw
j \f
) \
76 a ! |Velocrty |
2 j/ z
\ \
“Back Warl - ‘
Mean Taagentia/ V:/ac_rﬁ.zz.z ffie 90° e0"  NoT  [20°

Direction of Flow

go* ﬁvn"enhl
180° R adrel

Fgure (/15) -  Yelocities 4 Direction of Flow
Ak O -0 , R = 7 inches (f/w.—,;.sa cuas.)




Veloait y

-45-

f-c.lstu:..
o 20 30 40
L ] \\‘
1
! MTanqantiol \klocily !
v 1
|
| | Dil‘o.e-tgg_e
" N ! of Floy
!
« Radial Valoeity I
. 3~ l
v |
" '
I
{ |
. Totat Veloci i I
\
\ | N
. 25 o -
o N
o)
sDIl‘QCt‘(gg cf F‘OV 120
Mean ’ranja.ntiol Valocit.1= 9216 Ft.lser., So Tam‘e.tul]
Mean Radial Velom'ty = 2.80 « . 190" Qadiol
Ficure.(/6) VELOCITIES & DIRECTION OF FLOW
At & = 40° R = 8“ (Fiow = 3-53::05“5)
Veloei Ifq.i Ft. fsee.
Q 1O 2.0 30 AO
. ,/.f
/ \\ﬁnqe_nhul Veloctly {
| i
Y |
a :
) | .
Vet | | Qirection
: '7*l ! Vief Flo
. § lou
N |
| . :
\ \
! ! Total Velocily \
\
|\ / N
085 ;wau =2 | - °
. . c Q0° 100°  Ho® 120
Mean 'r°"3°"tm' v"l“'c‘ﬁ ’5'04f Ffaec. Direction of Flow
[Bo'fanvul'iol]
180° Radial

Fl&URE(I?)-VELoch:Es 8 DIRECTION OF FLOW

AT © » 40° R=

2"

(Flow = 3-53cusecs)




46 -

: Yelocity Fh/se-
0 10 20 30 <40

t

rora——
-~
~

Tangentipl Vc/acitj

Al 1

1]
;
]
!
- i : Direckion
. ﬁ ' U oF Flow
Veloci i ' B
.. s 4
I e i
1
Tatal Velpcrty \
. ; 1
3 s
\ / )
] o
Back Well al  Velocibq. 9. ) 80 100 mw' 120
Mean Taggential Velocity= 970 fifsm Direction of Flow

* Tangential
: //:‘:;' R-{;lh//
Fiqure (18 ) . Velocities § Direction of Flaw
Ab 6:‘40' L, R=1/6 inches (F/ow=3.53 usecs.)




. -41-
Velocily ft[sec.
o 10 - 20 30 40
1 N |
Y @Ml * !
/ Veloeity \ ]
2"t L 1!
\ Dirpctio
. I \ebigey
) Radial I//
',, Va.locutx !
= g
(/ Tolal Velacil'./:’ 1 “.
N At
- . .I - \\"\a
- r
Back Whlj - 90® 100° o 120"
Mean Ta.nqutl'ul Velocl'c-.’ =A41-6 fh.[sec.
Meaan Radial Velecity

'rigure (J9)- VELOCITIES AND DIRECTION OF FLOW

AT O = 90°

F 4'4 fl‘lsec.

Direclion of Flow

[So° ‘ﬁ:nquﬁnl]
190° Radial

-

R= 4" (Flowa 5'53cu$u§)

AT © = 9-0°. R= 5. (Flowz 3-53:-:;0,@;)

o 10 20 30 40
\7‘\. /.’
/."/\ //
,/ Tan chtial Veoeitly \\. K4
T B /
f | '
rA . \
\
' \
L Radial : ! Dideckion of
\ VeloeiCy / | V| Flew
“ !Z/
) I *
\ | v
. “fotal Velecit - \
\ Sy N\
o
- \-‘
. 4
Back Wall- 90° 100> 10°  [20°
Mecan Tanqentsal Vc.loc.it.t = 385 ft'lsec. Diseclion of Flow
B SO’TonqenL';oJ
180° Radial
Fi6uRE(20)_VELOCITIES & DIRECTION OF FLOW



48 -

() 10 20 [e) 40
. ... —
\ 7
./ . /\\" .//
. R ' /
' ’fangenhal \elociby ' 1
2“ T J
| | T
Radial \/e?oc,ft | | Di rectxon of
¥ : 4 Flow
|
'u | _ \/
\
Total ValofiCy——en \
\\ ," \|
LT t’ - \
o _
BacK Woll _ 30° 100" 110° 120"
Mean Tanqgential Valoeity = 27-Ofbfsec Diraction of Flow
Mean Radial Vo.loc.itT = 578 Ft‘.’se:., [So fangantial
180° Rodial
FIGURE (21) - VELOCITIES & DIRECTloMj FLow
AT 8:90° R:=6" (quw = 3 53«5@:)
- Ve‘oc;t1 Ft/su.
O 10 20 20 40
/ 1
. .""an?utiol Veloc?t;, ,./
\ | ‘
\ ]
\ Dipection| of
Radial \ | Flow
1 VelociC " i/
\’ 1 & |
1 |
| l Total [Veloci by |
- i. .\
O Ea K War 8c® 1oo®  (10° 120°

Maan ’rnn«iamt;al \/Alec{t‘r - 238 ft/snc.

Dlractwn Flow
[ anqu\tna.J
t80" Rad(al
FIGURE (22) yeELOCITIES & DIRECTION of FLOW

AT Q- 90° R:']“ (Flow = 353 cunecs)




~49-

° ‘o V:.lgc«'lz.‘ﬂc ft.foec. g 4o
. ~~. e
7
/oA | -
o . ‘fqnqantiol Ve logity Io’
/ : /
" I
2 -
I .
l Dilrgelion of
| Radial Velgeity ! * | Flow
t \
| |
\ I 41 VeloeiC A
. J ol Voloeity “\
e -7 .
20" e no* iz0°
Baek Wall ‘ Diraclion of Flow
Mz2anTangential Ve.loatv = 16J7ﬂ/5¢c 90°fang ential
180° Radia!

Mean Qxdfaf Vd,[oc;t" = 2'63FC./5¢¢.
FiGurE (23) -~ VELOCITIES & DIRECTION of FLow
R= o' (Flo\.l-_- 3-53cusus)

AT ©=90°

Velocity Ft[see.
20

(o) 10 30 40
/. <\).‘ /.
. /
‘ op_?entml "
) l \ Velocit \
2 g : - > ’ ,-
/\ l /DfﬁecCﬂ
! Qn ial L ./ of Fldaw
Velocity L |I’
o
! . .
o \
k Total \
e . V@locitgf . |
\. ". - \\l\ ’
° Baek Wall 90°  loe® lio*  120°
Mean Tangential Vdoo{t1 = Il-63fl:.]sec.. : Direelion of Flow
" ?:;‘Imential

' tal
FIGURE (24) - VELOCITIES & DIRECTioN of FLOw ,

AT ©=290" R= 14" (Flow=z 3-53cosecs)




.Vﬂf‘oc;t\' ;'ghu

-50_

o 30 40
/' L oo r +°
/ J ) / \x '/./
. ‘If:gq aCial 1 % 7
/ Velmﬁ; _ L» \\ /
174 /
| Dicedtion of
£adiol Vd.locu'_ty ' || Flew
P . .‘/_
X Tobal Valocity+—" | ’ {
N
_ / N
! / N
/ "~
~
\. P J / . ..
o P4
&lcz WQ" ) %. ‘°°o "00 120
Mean 'fbnqen[’nal Veloe by = 405 ft[swz. Direction of Flow
Mean Radial Velocity = 63 fl[sec. [sb-ﬁn7anu.;l
) » #0° Lodial
FIGURE(DS) VELOCITIES AND DIRECTION OF FLOW
AT © = 180°, R=A" (FLOW = 3'53cusacs)
Vc\oc.;Cs' Ft‘- fsec.
Q 1o 20 30 40
L e ".\ - L .
- ! - a /
{aﬂs en Cial °\ /'
. é Radial Veloai|ly \ /
2' V ot by ‘/
l \ ' Du'rggtu-on
o Flenws
| =
| A |
N \
| \
\ ' / [ .
N .7 S~
o Qact wWall ac® 1o0° wo* 120°

Mean Tanqential Veloeiy = 273 flsec.

FIGLRE (26) _VELOCITIES AND DIRECTION OF FLOW

AT © - 180° Rz 6" (FLowas 853 cusecs)

Diraction of Flow
[Qb.fon gara.o.'
190® Badial



Ve.lod&‘ fe.sec. - 5l-

(a) 10 20 30 40
- \. - .’
/ C. s
AL ,
. ) . ansohtlul _/
" ’ ' Ve\oc,it!’ /’
2! I
) ’ Il Direetion aE '
+ Rodial ‘/docg_ . ' o |Flow
/" t : l
\ \
: \
\ .‘.‘fotoNo.locut ] \
" *IN
\ ' 1/ N _
o * rd -
Bacy Woli ] 90° |00° He®  120°
Mean Tnnﬁant|o| \/e.locu.CY =20-10 f[-’sec. Diraclion of Flow
ol Mean Radial \/c,loc;b‘l = 3.50 Fifsec 90" Tanqential
L?o" Radial
FIGURE (27) - VELOCITIES & DIRECTION OF FLOW
AT O z180°, Rz 8" (FLow = 353cusacs)
- VYelocity b fsec.
o] ) 10 20 Q A0
. \.o Py
/ ' o I
; o ‘/_‘HSM J!
| ' | Velpeit
, / - 1/
2 (ldtOJ

Ve.\ooi 1 ll ‘ . .
ireclion
Flow

|
%

|
. \
.l Ifotal Veloes by . \ |
/ ’ \
\ / : N
o . - ,’ L] . -
Back wall ‘ 9°  100°  110° 120°
Mean 'l’qnclantnl Vzlbc;CY =1b-30 f-t‘[sec_ Diraction of Flow
So°’ﬁm7ent;aj
go® ecmd;al '

FIGURE (28). VELOCITIES & DIRECTION OF FLOW
AT ©= 180° R=10" (FLow= 353cwsecs)




Ve.locitxi ft‘.stc.
O

~52-

AT © =270°% R:5"  (Flow = 3-53cusass)

0 10 30 A0
. \c\ - L -
~ ]
.// ;3- ’/
“Tangential //
2" , Vdouc; ) ‘I
l Radial ’ I e ml
l \lz\ocit:' /{, ||,/
l“ -— <~ . »
N
\ 'rotcl/ // N ~
— Velecily 7] ~
p\ yelteit # ~
L ./ \.
(@)
Back Wall ) 90° 100* 1o® 120°
Meaan ’fanqutnu\ Veloc.{t-‘ ,AQ['{ ft-[Sﬂ-ﬁ. Dirgebion oF Flow
. ' 90°%1a tial
Mean Radial Vdoc.\tc.‘ ~ 81 r_c_,su_ e ::;
FIGURE (29) - VELOCITIES & DIRECTION OF FLOW
AT © = 270. \ R= 4. (F‘O\I: 3'53:05@:.5)
Vdec;l\‘ fl‘]su
Q \Q 20 ao 40
o e ® »
/ \} 7
L X. q/
€ o /
/ Radiall “anqenlial \‘\ /
2" \leloccﬁ VQJOC.It# 1 _/
‘ Dideclion [of
| |Blew '
« \ \
. \ {otol VeloCﬁ-v / \
. 2 X
7/ N
\ 4/ ! ~
\ - { - ~~ ~—e
O
Back Watl i ) 100" oo 120°
Mugeon ’ronﬂent{al Vdout-' =320 r-t‘.lsa:.
FIGuRe (30)- VELOCITIES & DIRECTION OF FLOW



_53_

Yelocr Eq4  FL. /sec.

0 10 20 . 30
. o\ . , ‘L'
/ \
y Tangenbit 1\ K4
leldes Vg
\ I"
" i I’
|l 7
| 1
i
| !
l
o Radia| Velseily \
i W am— - :
!
, v wtat veourt, N
! AN
II S ]
Bock Wall go° wo0® o' 120

Frgure (31 ).

Mean Tangential Velocity= 26.00 Ftfse.
Veloerty = 503 fh/see.

Meon Radiz/

Direckion of Flow

90° Emnﬁb{]
//—6’0' Radial

Velocities & Direction of Flow

At

G=270"  R=6 inches(Flow=3.53 cuses.)




90

!
:
t

S e S
g .
<
~
~
303 - i /
2
N
3
1t
g ‘/\
200 ; / :
§ P
| : .
2 | ! Lo -
R Em-aa” } J: s
54 w9 8 7 6 &

Rodius in inches

Figure (32) _ Observed  Mean Tongential Velocity ~at 40" vith inlet

This _gives total Flow = 353 cuses.  (sec appendis 3)
- Stakic  Head aF(@=130",r=6") =10.31 flair.




=55~ ' -

F low

. Obscryed Velocikies .

+ Ca,/c“/a[ea' 14

S Fath of
_Vorlex Gentre

180

Frgure (34 ) Mcan"fdfyenf/a/ Velocitres
[Fbwz 353 cusecs] I em —> 10 Fhec,




MEAN RADIAL VELOCITY AT R = 6"( FL[sec)

_—

‘el | \

Arga

Radial VelociCies ra

(For o flow of

under curve

und R =6n :
3-53 cusucs))

= 34 cusacs,
(ecror 37/ )

00" 180°

270°

O = ANGLE WITH INLET OF CASING.

. .
FIGURE (31) _.MEAN RADIAL VELOCITY DISTRIBUTIONsS AT R =6

FLOW = 3:53 cusecs.

360°



~&57 -

=2 - O 4 +2  tol Head (Frqair)
T v\\] A
\\‘l
| -
| ;o
I :
“ .73!-;/ H.gd . /( )Q» 4)’/4—-
2 with g:ifx mce_,. | kY - ~
] o/ > (' A 3
/ J oy 15 )0 T
b - / 3
[ ‘, B ‘ 180
"———-l
| , MeanTotal head
; ol =roorlitar !
Back Wall v Static Wead (ff.ofair) -27 =26 -25
Frqure (38) _ Total 4 Static Head Distribubions
—
AL @:=40" , Rz inches  (Flow=353 cusecs)
- -___.0 42 Total Head ( Flot air)
. f ™. Lo
\. Tobal Head . .{
2! I @0 - /
ol + .
) A Q 216 =§ |
~
Y 'c
‘ &
. [ — 3\
{ . l R L ’
' ‘ Mean lotal Heed \
/ { = ~ 0.09 Mofair —)
. - — |
Back Walf Static Heed (Fatair) 47 =73 45
Frgure (39) . Tota/& Static Head Distributions

At

0=40" ,R= 5§ inches

(Flow = 3.9% cusecs.)




-5%-

-5 4 -3 -2 -/ Total Head(Fl.afair)
Btarfead NN\ et treat !
wibhDistorbance [T~ » 7
. /
P
“1 ' . + ) é.
7/ LN PP Hacic
/ © 77
j 4 3 /
. 7 T
! d 1
(]
‘| Mean Tobal H
i/ - —| 3.3 Fllefair
| S
. ’ -
Fack Wl ' SR iR =il
Figure (40 )_ Tolal & Static Head Distributions
AF A= 40" ,R= & inches (Flow=353cusecs)
-4 .3 -2~/ 0 Tatal Head (F¢ ofair)
I -7 /'
2\\ | * )
_'!6 - - 16 .
Lo Headﬁ , l " @ static :
! D Head
- (o0 gr/—‘—-
2 | ;
\ MeanTolal tHead
=0. 195 fofair
: : L
Bach Wael/ Statit HeadfFkarz) = - B ]

Figure(4! ) _Tptal 4 5 ¢ dl‘/'c Head Dristributions

At @ =40°; R = 7 inches (FMW: 3.53 cusecs.)




- 59 -

-2 -1 0 +! +2  Telal Head (FL.ofair)

Frgure €3)  _ Total & Static Head Distributions
At H=49" , R=IE inches (Fjew=353 cmuch

P. ! [ d
Total Head l
2" : -
[ - d ( K] 13
s ™ (]
BRI
; <
: 2
r | I 180° ?
| | T
' Mean Tot al Head
=~ 0,16 fLofair
‘ !
»* ] l . J
BackWall Stabic Head(t-.o 4ir) -8 -1 -6 -5
fraure (42) _ Total & Static Head Distributrons
AL B=40° _ R=8 /nches (Flow=353cusecs)
-2 +2  Tatal Head (ft.e/air)
2"
) ~
3
210 T
3
N
I . ”
|
l’ Mean Folal Head
U = ~0./3 Hofdr
/1! . J 1
NI |
Back Wit Stalrc Head(Flofair) -2 )



- 60~

-3 -2 -{ 0 e Total Head (Fl.of air)

Head }\

1R

oo

r,——
Mean Tpla !l Heall MhbanStatic Head

| DI
|
/

z0.00 y : =l 279 forair
0// ;/’/
Back Wwal JMCJ‘C;EJ,") ~2% -27 =26 -25
Frgure (44 ). 7olal J,Stat/ ¢ Head Distributions
At @—- o’ ; R« inches (F/owcs 53 auecs)
_3 -2 i, 0 H  Tetol Head ¢ ofair)
| . R | | . .
Tota! Head » ' / <S£a ¢ Hea

=- q}z Fofair K

, Y e

|

;
! |

2 — - . . .
‘ i | . .
Mcan Toba! Head | / o9 . % @ _e106 Jv

Meon ihb'c Hg&

|

/‘ . /. = Ylé_ 0> Fristair
L

.‘-‘ ./

Back Wt/ ] stahc Head -ig =17 -6 15

(H.sfair)

Figure (55 ) _ Tolal & Static Heod Distributions
At 6=90., R= 5 snches (Flow=353cusecs.)




_6/-

-4 -3 -2 -/ 0 Tolol Head (F efair)
N
TotallHead />\,
| ‘\ -
. : SR CAS v .
2 y o
Qe " O 277
/
W ""TTfr"
V| MeanTotal tead
: =—-0.447 froair
] . ﬂ/
Bock Wall Stqbic Head (Fhofairy=i4  -13

frqure (46) _ Tola/ § Static Head Distributions
AL Q= 90° ,R= & inches (Flow=3.53 cusccs.)

‘ -4 -3 -2 -/ 0 Tolal Head (Fafair)

kel /«LJ 1)\\ , ‘
. ) . %s ".c
1" ’ e -
2 : a - l/
l a \ 274
JON !
/ |
I“ \—‘t/!'.'t‘v.
\ Mean Tobal Head - ' I
_ — 0.3l Flofair f
|~ f') g ' /
Back Wall : Sé‘ﬂhé Head (Ftofair) <10 =

Figure(47 )_ Total 4 Static Head Drsbributions
At @ =90’ , R= 7 inches (Flow= 353 cusecs.)




_62_

~4 -3 -2 -l 0 Total Head(fl.ofsir)
g ! 75 bat Head \\ l ,
\ ] - )
.‘ B . Static
) [ ‘ 40" o /\~\ Head
| aé; ) .
j 1 !1 X G,.,_,.:,.'L'IO
| % i an .
.\ | = |
. _ 128" =441 tar
Mean Tital Head /
; = = 0.23 frofair
) 2
Back Wall Stalic Head (ft-ofair) - 6 -5 -
Frgure (48 ) _ Total 4 Static Head Distributivns
' At 0=90" , R=/0 inches (Flow=353 cusécs)
-4 -3 -2 -/ 0 7Zolal Head (Ftofarr)
Total|Head ] L Skatid
[ ; \Hca?
o ; ' 40 . — / '
N L . - : ‘
‘; l, .
! 2% _ =10
T | e
i . MeanStats
{ e ¢Séal‘ [4
| Mean Total Head c- 2.3t fFair
” =—0.097 ftofai T
' 0.097 flotair Pramn
Back Wal/ Static h’ga’(p.afuf) -3 -2

Figure (49 ) _Total 4 Static Head Distribubions
Al 6=390, R = 14 inches O-"Iaw: 353 cusecs.)




-63 -~

-2 -1 0 7%tal Head (- & i)

-4 -3
~l- nhk‘\_N I3 L .
\~\w 'Tdtl,”lld : el o d I -
Total Head ~ 2Ea ancd
wikh Dis f%FTanaqr . 1 ‘. }
al IAIEE ' /' [
’_—h_"_‘ P /
- it /4 . s/
e S b
| : . LT T Stabic tead
[ _ | 2
!
\/ r (
n ! o ' !
4 \
rﬂ Meon Totbal Heed 1 I
/.l =-018 It ofair
L~ . 4 "/}’/ I]
R / - L
Back Warl ‘ -Stotic Head (i .4fair ZEEE -28 .27
Figure (50). Total 4 Stakic  Head Distributions
At 8= 180" , R=4 inches (Flow=353cusecs)
-4 -3 - -l 0 Zatal Kead(Ft.of0ir)
o ‘:\ Static Egd i/
Tota) Head N\ : with Distarbane '
s ' at Inlet |y
T~ i {
2 - T i
, II o
Toba! Head Ll S I stahic
= ] Sime - ) )sz | ped
\41 Xy ; //
. '
R ; 'lgsa‘ i
I / {
! [
L] :
ey | .
}/’ Mean tota! Heod - ;
- = _ o0 39 flefor 1
- —././ = i A
. Séeéic Head (Ffofarr) -4 -13 -12

Back wall

F" ure {5/ y_ Totol & Static Mead Distributions
Ak @=/80" ,R= & inches (Flow =3. 53 cusecs.)




64-

-2 -1 0 +T/ +2  7okal Head (Rt of air)
8 ool Head I\
N M /
\\ ! 1
o Tetal Head ! vl
2" with Disturbdnce ) x !
ot Inlsk ! _§ —* -
N £/ |3
), i Tay s
| i i
T 2+ K
lql ] |1 3 l b‘)
| 1
[ Mean Total Head 1
\ =- 0.2 ftofair [
!
[ H
AT i
Back Wail_ ) SEAEIE Head (FF Farr) 8 T =6
Fiqure(52) _ Total¢ Static Head Distributions
At d= 180° , R=8 inches (Flow=353 cusecs)
-2 0 +/ 42 _ Total Head (R ¢fair)
{ i\ 1 i j
i' Tita/ Head , .' :
Head ! F o /
v _.Dis arbonce ! .: -— ¢ !
nl : R R
o fat I, | T~ I
: . ®y w
‘ 1) N V216 (37 ) ®
1 | ¢/ e e e
| l ! -;_:i\ ! 43
" ! ! i i kb l' %
l
! Mean tolal Head : : l
. < - 0.16 Fltofair vl
N ‘ ! /
- ’ ‘ . o/ »
Back Wall Stetic Head (g ofair) =6 -5 —q

Fryuare (53)

. Tota/ & Static Head Distributions

O=180°, R= 10 rnches

(Flow=3.53 casecs )

At



_-6 5,;_ .-

-3 -2 -/ [¢] +1  Tatal Head (Ffefair)
-~._\'.L.\‘ ntﬂ/ e‘d P. HJ/ . -
T~ N [ ; qric reed »
Tota! Head r ™ \Z—* withDis ”ﬂm’.((- / ,/
‘with Disl urbdﬂdl / / - \/
I | 40" !
1 i \Il\ ‘/ ) . - | /
? J :! \I’I / -~ ' /
I N
1 e .
I e \ sta é’f
J |/ ) W\ Head
] 3 ) ) \ lr—
7 = . :—0.253 fhefair ;7 J
o o = ’a ’/ T r // f
Back Wall Static Head(Fb.ofair) -28 -27
[rqure (54 ) Totald Static Head Distributions
At @= 270", R= 4 inches (Flow=3.53cuses.)
-4 -3 -2 o +1 75t/ Head (ffofair)
tedl Stakic H ' !
N ‘\ wilh E’slfur‘b"cﬂrl o7 :
Toldl Hepd NN Takal Head 4
with Disturbonce ] P i ]
. : ]
LAY = 1/
Y \\ o r i
: !
/ Sl X To | !
' N \ . @ : I
™ l‘ . ™ o I
| / 120 !
| |
l | , deaprs |
. 4 / Mean|lobel Head ) Stetic ‘
//' / =~q.136 Flofoir s, -\ # i
.17 A A/ nd g : '}/ i
Back wall Static Kead(fl. ofai7) 8 /7 =76 a2

fﬁare( 55 ). Total § Statsc | Head/ Distributions

Al

G= 270 , R=5 inches(flows3.53cnsecs.)




- 66 -

-2 - O+l 42 7otal Head (F.oFair)
\ - . rd
|
\\L v V|
LA
‘l Tolel Heod . ,;\ » '
7otel Heod © | 49 /

2" with B! / } ;
Disturbance ) ' i 3 g \

P) T

t ] [ Q!

g 9 270 T : / N

F 2 . N | S

Y SN

. { RN I 2igi] =

s iso’ _/ a v
i | i |

f ' Mean Total Head ' _

.' . =~ 0./7 \
, / e e /. Ll
s | |
< ’ | l L / :
Static Head (Ft ofairy~12 -1 )

Head Distributions
(Flow=3.53 cusecs )

Ligure (56) _ Total & Static
‘ At B= 270" . R=6 inches




- 67~

40

T loy

: 160
Fiqure(57) CALCULATED MeAN STREAM LINES °
(Flaw = 353 cusis.)




-68 -

FLOW
-_——x

g | - o 270

180°

Ficure (58). TOTAL HEAD DISTRIBUTIONS ‘g FROM BACKWALL

FLOW = 3-S3cusecs

SCALE OF CASING {:4 SCALE OF HEAD: =—F=—1)

12 3
Ft. of arr




- 69 —

oS8 - F'\

=]

(-]

i8Q
1
FIGURE (59) . TOTAL HEAD DISTRIBUTIONS % FROM BACK WALL
FLOW = 3-59 cusecs.

SCALE OF CASING [:4 SCALE OF HEAD: < 1—

i Z 3
Ft. of air

AL



»

-70

+ EXCESS EN ERGY

FLow

s O3 o
) 180°
FIGURE (60) - TOTAL HEAD DISTRIBUTIONS | FROM BACKWALL
| FLOW = 3-53 cusecs
SCALE OF CASING |:4 SCALE OF HEAD: B =1 ? '

/
Ft. of ofr



- -

(+) EXCESS ENERGY

270°
FIGURE (6/) . TOTAL HEAD DISTRIBUTIONS (Y2 FROM BACK waLL
FLOW = 3-53 cusecs
SCALE OF CASING [:4 SCALE OF HEAD: £ 2;__; }

Ft.of asr



-2~ .

(+) EXCESS ENERGY

o N
40 N P
e FLOW .
KO/ _ g — §
< : ~
0., y;
OQC’ 'bu_ffo’n_f Séme s //
-
Excess Head =_2-2i '
—_— Velocity Head al Chapont
yd
v \
For ZHetails o 7

Tokall He ~

see JFigure(/ )b, / |
R |
@) o

\ Kol / : 270

3,

FIGURE (62-0) TOTAL WEAD DISTRIBUTIONS 2" FROM BACK WALL

FLOW = 353 cusecs.

SCALE OF CASING 1:4 SCALE OF HEAD: | 1=
2 3
IN..Fclr




=73~

o" — - ~
pg -
- N
s :
/ TS N
/ / AN
/
/ R
\
o \
N
\
Wirg]
TSN
/
A\ < .
Y&wt;] INER S 0 ;//270
\ /
N '/
™~ 180
~
~J —_— N -
Figure 62 (b) - Details of Total Head
2" from back
(Flow = 3.53 cusecs,)
Scale of casing I:c Scale of head: p=——0g——
. ' ]

re. of @i



~7<4] -

Pt PQEEI" Fan. A”DIQ.
1" Wide

% ' l lNLET!!:

FIGURE (69) - DISTURBANCE AT INLET—CONTOURS OF STATIC HEAD
R 2N
AT tD sTReam (I%)

FLOW = 3 53 cusecs.




~75-

40°

—a pnger fan

‘ INLET

270"

. 180°
FIGURE (70) DISTURBANCE AT INLET — TOTAL HEAD DISTRIBUTIONS

8 FROM |BACKWALL

FLOW = 3:-53cusecs.

SCALE OF CASING |: 4 ~ SCALE OF HEAD: (3 F—31 1
" [} 2 3
£¢. of air




~-76 -

Polaer Fan
40° A
_‘l_ INLET

tgo*
.
FIGURE (7/)- TOTAL HEAD DISTRIBUTIONS 2 FROM BACK WALL

DISTURBANCE AT INLET FLOW =3-53cusecs

SCALE OF CASING [:4 SCALE OF HEAD: —TF—3
] 2 a
' Ft. ofarr




~77-

A0

+— INLET

Wire

]

FIGURE(72). TOTAL HEAD DISTRIBUTIONS I'FROM BACKWALL

DISTURBANCE AT INLET FLow = 3:53cusecs.

SCALE OF CASING |4 SCALE OF HEAD: =T T—1 ]
7 2 3
Fé.of arr




-8 -

INLET
~eax

Wire Gnusc

270

180°
FIGURE (73) TOTAL HEAD DISTRIBUTIONS |3 FROM  BACKwWALL
DISTURBANCE AT INLET FLOW = %-53cusecs
SCALE OF CASING (:4 ~ SCALE OF HEAD: /I __F— 1
!

2 3 4
Ft. of arr



~79-

Paper Fan
B

A0

Excess Energnj

Wirp Gﬁuat \

INLRT.

Excess Encrs'i

| 270°

-;L-—-L

Mean Tolal Haad
ot Inlet =~0-47 th’r

180°

FIGURE(IJ)TOTAL HEAD DISTRIBUTIONS 2" J

DISTURBANCE AT INLET FLOW

"ROM BACKWALL

= 353 cusecs.

SCALE OF CASING 1:4 SCALE OF HEAD: T T1+—g

1 2 3 -
Ft. of arsr



_{_ INLET

Gouge Exgess Energy
J ‘ ¢ =g tRERIRRIEEBINNEERERTO " O 2 S 2 o
-n||||"lm|."|||nu lq"p _7 QL
H Meon Total Head
At Inlet
C
180

FIGURE (75) . TOTAL HEAD DISTRIBUTION 2% FroMm BACK waLL

DISTURBANCE ~ AT INLET FLOW = 3°53 cusees

1 2 3 4 pt.ofair
SCALE OQF CASING = |4 SCALE OF MEAD = _F— ] ’




-8l -

FLOW
——

FIGURE(77-@) - CONTOURS OF STATICHEAD AT FRONT WALL

N o L .
SHORT FLEXIBLE EXTENSION. hsm_r at (€=1207 R=6) = 14-9ft.ofair
Ic



b 4 2 10 - 6 4
—— R xalius rn Inches WireGau e
4 . . 40" / i
é\\\\ B
\C)\ 5
\Ck\
\\
N
AN \\K
P ‘ ' \\ N\ :‘.\
s Y N\ . 3
. },\ <\ 0y
. I . \ &'_
() @ ‘13" !0 \ Ny
s
: X
. i// N
15 i‘.’
o 159
| 460’
(40&2!7)
-20

re(17.5). Wikh Short Ex

tension 7o The LID

2
Sl

Static Head

ot front Walll

[Her (20°,6") =

14.9 fA aij

270

28~



-83~

45 FLSM/

270

70

1k
—>

| 180"
L]
FIGURE (78) TOTAL HEAD DISTRIBUTION & FROM BACK WALL
at(© =120° R=6) = 14 L. of air

SHORT FLEXIBLE EXTENSION — h

SCALE OF CASING [:4 SCALE OF HEAD: E= =] j
Fe. ef ai




-84-

FLowW
-‘-——e

270°

o

180

FIGURE(79) TOTAL HEAD DISTRIBUTION |" FROM BACK WALL

' "
SHORT FLEXIBLE EXTENSION — h. . AT (8=1207R:6) - 149ftofair.
SCALE OF CASING (:4 SCALE OF HEAD: =)
3

Ft - -of arr



-85 ~

40 FLOW

270°

1806°
" FIGURE (80)_TOTAL HEAD DISTRIBUTIONS 2 FROM BACK WALL

- [ .
SHORT FLEXIBLE EXTENSION~ h ar(0 =1205R=6)= 14-9ft ofair

STAT\C

SCALE OF CASING [:4 SCALE OF HEADr =1 ;——; ]
Ft.of Rir




- 86 -

270

180°

FIGURE (82.2 ).CONTOURS OF STATIC HEAO (ft.of air) AT FRONT WALL

WITH PARTITION

SCALE OF CASING -4




4 /3 2 J

Radius in Inches.

10 q 8

7

——

/
|
\

Fi qure(82.5) -

With Partition

Static Head at Fronkt Well

]

l

T
8
[
0
20 X
N
"o
¥
N
£
S
"
/5

=20




- 88~

_ FLOW

O

>

»

&
5/

>
3%

_Partition

o

180

i
FIQURE (83) TOTAL HEAD DISTRIBUTIONS 2 FROM BACK WALL

WITH PARTITION

SCALE OF CASING 1: 4 SCALE OF HEAD: | e e |
FE.of Air




Velocrly m/Sec. '

-89 -

|a Ccone
JE
I N -
Flow
|
a
Spiral _casing
T
i
|
8- - . S T —
|
| ¢
5/""\
N
i
1S
S
2
x
'3
2 S N O, [T . s S . \ L
i : (oI
| 1 ‘
; |
f
i ‘
o 2 4 6 8 /0
wall

Distance fram Wall I (cms)

Froure (84) . Whirl Velocity in  section a-a

of fbc COne




-90 -
oo™ | = —— | .
/Kov"‘ [ 2 3 ftetar
L]
S“,o\" . .
N
s
% oy
< ?""/\Jr
(% blownout
~
<
,fx/
(..-’ l
] ire (+)
INNCOIE gauge ’ I .
L1 g _ | 270

180*

Figure(87) - Static Head at front wall
Wire gauze roteting at 4500 R.P.M, (Fan Stetionary)




-9/~

F/ow

Gauze Stelionary

Gauze Rotating
of 2100 RFM //

F_/'qure (88) - :‘?ol‘az‘/'nj Gdu-"e g’j//'na’er’

Effect of l‘olaf/nj Jauwze on Stabtic Head aof Front L./,////Z‘.o/a/'r) :
Static Head at (©@= 20", r=¢") = -2.4 ftofair




~g2 -

R=E" R=6" Rud

Gauze | Vg Change
Speed v in
R.P.M| A  [Head

~3340 |-2,64 (43,45%

~2900 |-2.30 [41.729

~2600 |-2,05| 0.00
-1940|-1.,54| 0,00

0000 | 0.00| 0.00
41900 |+I1.50 |-1,3€E9
+2500 [+1.98 |-1,73%

+2910 42,30 |-5,17¢

+34801{+2,76 |-6.559

+4000|-2,16 |-13,I%

Figure (89) -Diagram showing the change in gtatlc head at R= 4"
at top wall, due to rotation of wire gauze,

Radial Section making 90 -with inlet, ,
Static Head at R = 8 inches is kept constant at -I1,4ft,of air
Static Heed at R = 4 inches, when gauze is stutionary,

' ==5,65 ft, of zir




-5/

va " VA
< I
% =1 Y |, ve.
3 N z
T @ *
.‘. \ l E
2 :
+ \\ s |
. O\ A .2 +/ +2 +3 VG VA
' ~ < ‘
TR _L_.
3 s )

-0 /

N S Y,a4= 267 fifsec,
—— O —— Vﬂ4 =190 ﬂ'/“f- .

e Vo =144 e,

NG = vVelcity of wire gawze , Vy = Velocily of air ab the geuze

-

Figore (30) . Change in stakic Heed at Rz inches apainst Ve /M

For different

rales

Section 90" with infel

Ve,

= Ve/ociﬁ of Flow ot R=4
Cindi(.a,l'l'ﬂn of the //m'}

-gs;—



20

Ff’/&cc

WE

Gauze Roloting
____._,_._.__.<.A

) ”

Gauze Stah'onar_g .

Valse/éy

-
AN
v

_—
o

Radius rn in chés

*

Fraure (91 ) _ Effect of Rotatingqouze on Velocity Distribution in the middle stream
al  Ragial Section 90" with inlel

Stabtic Head al (9-.&20,:2:6") Fixed af-1.65

F ai
Y . 42 o= 193] . oF air
[vA— 254

Gauze Stetionary
SN A A Gauze Rotating al+2/40 R.P.M }

-bPb -



APPENDIX

-95 -

(1)

Direction of Flow, Total Head (ft. of air),
Head (ft. of air) & %Total Velocity (ft. /oGC )

Static

(1) Radial Section making 40° with inlet:

R
inch

3

Distance from back wall in inches

I

I3

2

2%

2

N

I6

I2

Direc,
Total
Static
Vel,

Direc,
Total
Static
Vel,

Direc,
Total
Static
Vel,

Direc,
Total
Static
Vel,

Direc,
Total
Static
Vel,

Direc,
Total
Statice
Vel,.

Direc.
Total
Static
Vel,

102°

- I.7I
9,21

103 °

-00,39
- 2,92
12,70

102 °

-00,39
- 6,42
19,62

102°

-00039
- 8,17
22,30

1059
- 4,08
-I10,70
20,55

101°
-00,97
-16,92
31,9

106°

- 1,07
-28,00
41,50

98"
-00,08

10,23

99 °
-00,06
- 2,98
13,65

96 °

-00,06
- 6,42
'20.15

98 °

-00,I0
- 8,17
22,70

94°¢

- 4,08
-10,70
20,55

95 °
-00,39
-15,95
31,55

95 °

-00,I9
-26,00
40,70

g7°

- I,71
10,29

98 °
-00,06
- 2098
13,65

963 °
- 6,42
20,15

98 °

-00,19
- 8,17
22,60

94°

- 3.50
~I0.70
21,45

go 9
-00,39
-16,14
31,75

94°
~00,10
-26,06
40,75

97°
-00,06
- T.71
10,29

98 °
-00,06
- 2,98
13,65
97°
~00,06
- 6,42
20,15

96°

-00.19
- 8,17
22,60

93°

- 3.30
-I10.,70
2l 75
93 °
-00.I9
3I,90

94°
“"OO .OO
~26,06
40,€0

~-00,06

97 °
-00,06
- I.71
10.29

98°
~ 2,92
I53,52

97°

- 6,42
20,15

96°
-00.19
~ 8,I7
22,60
94°

- 3.30
~-10,70
21,75

92°
+00,19
16,33
52450

93°
+00 . 58
-26,06
41,30

o3¢

99 °
-00,09
- 1.71
10,16

98°
-OO [} 06
- 2,92
13,52

98°

-00,06
- 6,32
20,00

963 °

-00,14
- 7.97
22,40

97°

- 3.30
-10,50
21,45

94°
+00,3¢
-16,14
52450

+00,78
-26,06
41,40

108 °
~00,39
- I.71
9,21

102°

~00.19
~ 2,92
13,20

99°
-00.78
- 6,22
16,67

a1
~C0,04

- 7.97
22,50

101°

- 2,33
-I10,31
22,60

97°
400,19
-15,95
31,90

100°
=00,00
-26,06
40,80
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APPENDIX (I) Cont,

5

(2) Redial Section making 90° with inlet:

R
inch

3

Distance from back wall in inches

1

&

I

1}

2

2%

S
it

I4

I0

Direc,
Total
Static
Vel,

Direc,
Total
Static
Vel,

Direc,
Total
Static
Vel,

Direc.
Total

- [Stetic

Vel,

Direc,
Total
Statie
Vel,

Direc,
Totsal

Btatic

Vel,

106°
-00.25
- 2.33
11.55

109 °

-00.7€&
-~ 4,47
15,40

107 °
- 9,53

00,40

105 °

o 1,36
~I3.,22
27 .60

107 °

02,33
~-I8,E6
32.60

105 °©

- 1.56
~-70,54
2,10

gg°
-00 .14
- 2,33
11.87
gg ®
~00,14
- 4057
16,88

97 °
~-0C. 18
- 9015

(s

(../»o 95

97 °
-00.19
-12,05
27 .60
96 °
-00.97
-17,70
32,80
967
00,19
28,20
40,40

97°
-OO 006
"2.33

12,08

97°
-00,06
- 4-57
I7.02
97°
-00.29
- 9.15
€3,EO0

96
-00.19
-I2,15
27.70

95°
-00,7¢€
-I? 070
32,95

95°
+00.19
-2E,20
42,70

9&°
-G0.06
- 2,33
I2,0€

95°
- 4 ® 57
I7.02

96 °
-0C,19
- £,095
23,70

94°
-C0,I9
-12,15
27.70
94 ¢
~-00.I¢
~17.70
33,50

95 °.
+00.1¢9
~2€,20
42,70

102°

~00.06
- 2,33
12,08

95 *
-00,06
- 4,47
16,83

94°
~00,14
~ 8,85
23,65

941, b.:,,»
-C0.I8
-11.96
<7480

a @

a3 .
¢0.00"

"'17 . 50

23,50

g2 "

+C0,39
~-28,02
42,70
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{3) Radial Section making 1680° with inlet!
R Distance from back wall in inches
inch 3 3 1 13 2 23 2%

10 |Direc,|I08° | 99° 9g° 07° 96° |100° |102°
Static - 4.86 -.4.67 had 4.67 hd 4.57 - 4.57 - 4.47 hd 4028
vel, |16,57 |I17.,25 |17.18 |17.,00 |17,00 |16.80 |16.27

8 |Direc.|I204° | 99° 96 ° 95°¢ 954° | 99° J{107°
Totel |-00.78|-00.19|~00.08|-00.08|-00,08|-00,08{-00.39
Static|- 7,40|~ 7,20/~ 7,00/~ 7.00|~ 7.00|~ 6,91}~ 6,81
Vel, |20.60 |2I.20 |21.,I0 |21.10 |21.10 |20.90 |20,30

6 |Direc.|IIT® |1023° | 94 | 93° | 93° |100° |1143°
Total |-DI.26|~00,39|~-00.19| 00,00| 00,00|-00.19|-0I.I7
Static [-I3,41|-13,41{-13,22|~13,02|-13,02|~12,54(=12.25
Vel, [27.95 |26.95 |26,95 |28.,95 |268,95 |28.15 |26.65

4 |Direc, |1183° |106° 91° . | 91° 91° 97° [113"
Total |- 2,72|- I.56|-00.58{400.10|+00.,10| 66.00 |- 2,33
Static |-28,80 |-28,80|-28,80|~29,00|-28,80|-28,80 |-28,E6
Vel, |40,95 42,50 |43,20 |43.10 42,90

41.75

41.20
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APPENDIX (1} Cont,

(4) Radial Section making

270% with inlet:

R Distance from back well in inches
inch 3 3 1 I 2 23 2Z

6 |Direc.|I112° |100° |96° 94 ° 97 ° 102°  |1171°
Totsl |-00.78|-00.29| -00,19 +00.19} +00,19|-00,00(~C0,58
Staticl-12,35(~11.486|~11.36 &11,36 ~11,26{ ~17,00[-10,80
Vel. |27.30 |26.€0 |26.60|%7.30 27,00 | 26,60 |25.60

5 |pirec,|II5° |99” 95 ° 94° 93° | 993 ° |10€°
Total |- 1.36|-00.39|-0C,1¢ +00.56] +00.3¢] +00,19{-00,7¢€
Static|-I7.31|-16.42|-16,42 -16.42| ~16,42| ~-16,23|~16,13
Vel, |32.00 |32.10 |32,30 | 33,310 | 32,50 |32,50 |33.0C

4 |Direc.|119° |IIC® |94° as® |o4® |100° |117°
Total |- 1.95|- I.IT|+00.39 00.00+00,39|+00.56|- 1,17
Steticl=27590| =27 13| <27,70| %28,%0] -27.70} -27,0¢ | -c6,85
Vel. |40.80 |4GC.60 |42,50 | 42,60 (42,50 {42,10 |40.66
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APPENDIX _(2)

Calculetion of Velocities:

The alchol sloping tube manometer used for
measuring the velocity heads, was calibrated against
& Chattockmanometer, It was found that:

"I mm, on the manometer = 0,0767 mms. of water.

i.e. I mm. on the manometer = 0.0767—94%gg~ ft.water

0.0767 x 292, 62,4 :
= 100085 0.0607 ' Ce2iT

= 0,I%945 ft, of air,

Velocity = V 2gh

.« Velocity in feet per second =

Y 2ng.I945;<manometer reading

= 3.535 V manometer reading in mms,

APPENDIX (3)

Calculation of Flow:

From the e¢xperimental mean tangential velocity
curve, figure (32), the tangential flow between r = 6
inches and r = I7.5 inches is 3.500 cusecs.
The mean radial velocity at r = 6 inches is
. 2,54 ft,/ sec,
.« Radial flow-between lip and r = 6 inches is:
= 0.025 I1.27 = 0.032 cusecs, |

<+ Total flow entering the casing = 3,532 cusecs.
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