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PREFAC

Invention is aiwa_ys dynamic., With the in-
crease of sclientifiec knowledge, the industrial produets
are getting new shapes to sult the increasing demands
of greater accuracy and better working, There is
also keen eompet:itien amongst the industrial enterprises
to put in the market their products having better usage
to mankind. To that end they use the latest techniques
of design and production to win the market. The same
is also true in case of fluld flow measuring devices,
This thesis work deals with the latest type of differen-
tial preésure flow measuring device know as 'Dall Flow
Tube', The work embodies the characteristic study of
this new device and a comparative study of it with
other types of differential pressure producing flow
metering devices , The author hopes that this work
may give some informations to those who are interested

in fluld flow metering problems.
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Suffixes 1 and 2 refer to the sections 1 and 2 res,

LIST OF SYMBOLS.

Area of Crossesection of pipe.

Area of the throat section of the meter,

Elimentary Crogs-gectional area.
Length of the cylindrical sectin,
Coefficient o £ discharge.

Diameter o f the pipe.

Diameter of the throat section.

Coe ficient of friction from Dayrey’s formula.

Speeific gravity of fluid,
acceleration due to gravity,
Rectangular weir reading.
Differential head in meters.

Frictional head loss,
Roughness Coefficient,

Pressure loss Coefficient in the Converging portion,

Characteristic length,

Arvea ratio = (4/D)
Bazin’s Coefficient,

Refers to stagnation condition in case of com:

pressible flulds,
Pressure of fluid at any point,

Volume rate of flow,




(Re)

(Re)
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(x,¥)
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Renolds number referred to throat econditions,
Reynolds number referred to pipe diameter D,
sbsolute temperature,

Velocity of fluld at any point.
Average velocity of fluid at any gection,

 Weight rate of flow of fluid,

Specific weight of fluid, |

Co-ordinates of any point along x- axis and
y-axis respectively,

Datwﬁ head.

4angle of opening of diffuser.

Correction coefficient for non uniform velocity

distributio_n in _‘?1}“‘ cantian.

Ay

Correction coefficient for noneuniform velocity

distribution in the throat section,

€
p

Compressibility cosfficient,

Density of fluid,

n:o‘-




INTRODUCTION

In successful conduct of modern, large scale
~ continuous processes, accurate and reliable measurements
" of fluid flow is of prime importance. It provides basis
‘for accurate cost and yleld data on the operation and
is a guarantee of quantlity sales to consumers. It is
eqﬁanyimportant‘in plant test work unde;taken to in-
erease production, to obtain design data or to elimi-
nate operating difficulties,

There are various typeé cf devices for flow {
measurements and their characteristics differ accord-

ing to thelr design and use. A 1list of them 1s given

belovw s

CLASSIFICATIONS:

The devices for flow measurement may be
¢lassified in many ways. But they may be conveniently

grouped under two headings :

A, Meters for measuring the flow of fluids
through closed conduits and
B Moters for measuring the flow through open
. conduits.

Under group A all flulds are irtluded -
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that is to say, liquids (water, petrol, oil ete,) and

gases (alr, coal gas, steam ete,) Under group B, Since

they are open to atmosphere, the flulds are limited

to liquids, the vast majority of which consgists of

water or aqueous solutions, such as sewage effluent.

follows:
1.
2,
3.

4.
1.

2,
3.

The meters under group 4 can be gubdivided as

Mechanical flow meters,

Differential pressure flow meters.

Shunt type flow meters (combining certain
characteristics of 1 and 2).
Varlable aperture flow meters,

Group B are subdivided into:

‘Welr flow mebters.

Venturi flume or standing wave flow melers.

Maters for steam gauging,

- The reader will appreclate the difficulty

that it is not possible to describe all the types

of meters described above, sinte each type will cone

sist avtreati'se'of"it's own., For this reason only

the difi‘erential pressure flow meters under heading
Ae 2 will be discussed in detail, In order to

have gome 1dea about the different types of meters

avallable in the market a short note is given below:
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Under the heading of Mechanical Flow meters

the following meters are available.

&
b,
¢,
de
Qe
f.

Be
h,

Rec iprocating plston types.

Seml rotary circular piston types.
Nutating disc type.

Hellx and other types.

Single and multljet fun types.
Turbine type.

Propeller types.,

~ Popeller type with electronic counter.

Twin roter propeller, type.

The meters under the heading

*Shunt Flow Meters ' are: !

a,
b,

C.

N

[- 1Y

b.

Meters for ligulds,
Maters for gases.

Water- damped meters for gases.

Moters for low pressure gases.

Variable-aperture flow meters are 3

Cone and float type.

Cone and disc type,
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C. Piston type.
d. Hinged -gate type,

(5)
For eomplete informations of all these meters

may be referred.

DIFFERENTIAL PRESSURE FLOW METERS

AN

Since the present study is mainly on these
types of mebers, a complete analysis is given in sub-
sequent chapters, Before going into detailed study,
a genaral classification of these types of meters is

given below, They congtitute two partst

l. Primary elements,

2. Secondary Elements.

The primary elements are the detecting devices
and the secondary elements are measuring ddvices. The

primary elements are @

a, The Venturi tube.

b. The Dall tube.

C. The Orifice plate.

d. The nozzle, ’

e. The plRot static tubes,

fo The double throat venturi tube,

ge The Dall Orifica,
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h, The Pitot-venturi and Dall Pitot.

- of the various forms of flow meters available,
those of the 4ifferential pressure type have the widest

application in industry, The reasons for this are as

follows -

a,  The meter can be built B0 suit any shape of
conduit, which need not be horigontal or
vertical,

b, There_ are no moving parts immersed in the

metered fluid; consequently there is no ‘

meehan1¢a1 wear in this portion of the metar,
¢, Wwith irery few exceptions they can be used

to meter all fluids.

d. 4n indlcation of the instantaneous rate of
flow, a record of variations in flow rate
and an integration of the rate of flow can
eagily be sbtained.

e« The limits of the dimensions of the condutt

' are determined only by construetional consi-
derations,

f. The principle of operation facilitates the
addition of various forms of mechanisms for
the transmission of flow records over a

distance,
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A complete analysis of the theory pertaining
to these types of flow meters is given in Chapter I,
In Chapter II, the experimental setups and the results
obtained from them are given . The discussion of varioué-
types of errors that_come in the metering problems is
given in Chapter III, In Chapter IV, the comparative
study of the different differential pressure flow -
meters is outlined and finally the installation
techniques, the testing and repairing of these meters

are given in the concluding Chapter V,







. CHAPTER I

DESCRIPTION OF DIFFERENTIAL PRESSURE-TYPE
METERS AND THE THEORETICAL 4NALYSIS OF
FLULD METERING PROBLEMS:

A_SHORT HISTORY:

Venturi in 1797 postulated the operating principlej
of the di fferential pressure flow metering device, This |
device is named after him as 'Venturi meter'@)‘ His
interest was mainly academic and it was left to Clemens
Herschel (188%) to develop an instrument for measuring
water flow, the same form of which is used to this aday,
One of the first attempis to find the factors governing
the coefficiont of d.ischa‘rgg of these meters and there-
fore to predict its value was by Gibson (1915) who
showed that among other things, the coefficlent of dis«
charge depends upon frictian losses in the cone and

type of velocity distribution at the pressure measuring
saction,

Another interesting paper by Pardoce (1919) slso
attempted to predict the value of the coefficient of
discharge and in so doing calculated the losses in the
conical contraction gsection between the main and the
throat section, (He did not take effect of Reynold’s
number) . Smith (1923) showed the dependence of the
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¢coefficient of discharge upon visecosity for venturi -

meters used for oil flow measurements (in laminar region),

The various faptors involved, have basn more
recently analysed, ahd set out in A, 8. M E. *Flow Measure-
ment’ publieations. An excellent summary of this work
and present position was given by Jorrisen in 1951(2)
Ploneering work in Eureope was done by Camichel in
*oulouse, France, by 3éh1ag in Llege, Belgium, In 1932
at a meeting held in Milan, Italy, the Committee on
Fluid Measurement of the International Federation of
the National standardizing aAssoeiation (i. Se 4o 30) point-
ed out the interest of systematic experimental research
in venturis, In the year preceding the second World War
numerous studies were undertaken, particularly in Belgium,
France, Germany, Great Bretain, and Italy, and results
were published susceptible of being used for a completed
standardization, In 1938, the Italian Ente nazionale
per 1' unificazione nell® Industria (U.N,I1.) submittsd
a 'project to a public enquiry and this project served |
as a basls for discussion at Helsinkl, 1939 meeting I.S.A. !
30 Committee. It was at this meeting that, for the first
time, international rules were established for flow
measurements with venturi tubes, In May, 1948, the
subject of venturl tubes was one of the most important
topics discussed at the Paris meeting of the Committee

- on Flow Measurement of the International Organisation
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forvStandardization (I.8.0, 30) ).

Twenty years ago experiments(s) were being
made in the United Kinddom on venturitubes without a
parallel length between the upstream and downstream
cones, in an attempt at simplificabion, but the flow
coefficlient was found to be unstable, <Ihese experiments
originated from the observation that a freely discharg-
ing econe has an expanding rather than a parallel Jet,
Throatless tubes were experimented with, and a suitable
design developed for which the coefficient remained
virtually c¢onstant at normal flows and for normal pipe
gizes, Thus the Dall tube, designed by Mr, H.E. Dall
of the Kent Hydraulic research team, developed. This
differential pressure producer was first manufactured
in 1946, In the year 1956 A.L. Torrisen studied the
characteristics of the Dall Flow tube and verified the

¢laims of the manufacturer (1)._

THEORBIICAL aNALYSIS OF METERING PROBLEMS - BASIC EBINCQEL@

In its simplest form a 4l fferential pressure
type flow meter consists of a detecting element operating
in conjunction with a measuring unit, Z*he detecting
element is constituted by the differential pressure produ-
cing device, which i3 inserted into the pipe line thraugh
which the fluid to be metered is passing, This is essen-

tilally a flow restricting deviece through which the Kinetic
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.energy of the flowing fluid changes. The measuring or
secondary element is responsive to the differential pre-
ssure produced, 1In all cases the basic principle under-
lying operation of these meters (except pitot tubes) |
1s that an increase in the velocity of flow is accompanied.
by a decrease in the‘ pressure of the fluld under consi-
deration, hence the derivation of the term *differential
pressure meter’, The required increase in the velocity
is obtained by detreasing the net Cross.sectional area
of the flow,

FLOW CHARACTERISTICS:

Theoretically, there will be three conditicns
of flow possible when fluid flows through a ¢losed ¢on-
duit,

1. Stream=line or viscous flow.

2. Combined viscous and turbulent flow.
3, Turbulent flow.

The condition 1 can be obtalned at very low
velocities and the only forces causing the’reducuon
in pressure in the direction ¢f flow are those due to
the shear stresses within the fluid 1tgelf. The stresses
are set up by fluid in one plane sliding over the fluid
in the adjacent plane, and they disappear immediately
the fluigd comes to rest, This condition of flow is only
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possible in & pipe of uni form cposs-sectional area.

In the turbulent flow region, however, discrete
particles of the fluid behave as separate entitles which
superimpose, across the velocity gradient, a multitude
 of vortices and cross currents. The velocity gradient
is now mo longer entirely dependent on the viscous shear
betweeri successive layers of fluid, but is influenced
by the movement of slower particles travelling away from
the walls of the condult and in so ddng they accelerate
the slower moving particles in thelr path, Under these
conditions the pressure drop in the direction of flow
is directly proportional to the change in Kinetic energy
of the fluld viscous forces are still present, but thelr
effect 1s negligible.

DISCUSSION:

Under the viscous flow condltions, the pressure
drop is directly proportional to the velocity of flow, In
the differential pressure flow devices, this condltion
of f;ow cannot exist, Bacause due t0 change of ¢ross=
secticnal area of the flow, there 1s a change in the
direction of gtream lines and hence there is a change
in momentum, Strietly speaking, even at low velocities
through a differential producing device, in practice the
flow characteristics 1s a combination of viscous and

turbulent, but the vigcous forces may be so great that they
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predominate,

Generally differentlal pressure flow meters
are deyslgned to operate entirely within the turbulent
flow region, Hence in this “hapter, the equation for
turbulent flow is given more importance. However, the
other factors that enter into theproblem have been also

-duly considered.

FLOW_BQUATIUNS:

The following theoretical formula may be derived

from Barnoulli aquaticn and the equation of continuity
(2) .

for the case of incompressible fluids

' / (D

= , , by
i /—;(L—O(rml-#kg, ﬁ[@'*%)’@”i@]

This may be written as

<p — N TS I
V 1+ mr ,/23[@'*%)"@"*'(5)] ?

and the rate of flow is expres:ed by

v, =

. Co A —_— b (3)
Jrmr ) )G D)

The rélation between Cp and K; 1s easily found to

Q =
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CD = / [— m* (4)
X kg
C(‘L(/—';(—;)m J—IQL

Alldwance must be made for possible roughnesse
coefficient , HMnally the volumetri¢ rate of flow is
given by

(p(.//"?—

= " by (o4 b
P T e

when the fluid is conslidered as Compressible, an addition

correction takes for compressible effects into considera-
tion, The weight rate of flow for compressibl fluids
is expressed by

) V- mt --\/2‘30"" b2) W, ©
DISCUSSION:

The Bernoulli theorem 1s usually the foundation
for caleculations in the field of fluid flow measurement.
In its convential form it represents the law of conser-

| (6)
vation of energy and does not take into account

.1 Irreversibility due to friction, impact ete.

2. Varying velocity distribution across the con-
 duit due to the state of turbulence, which can
be fundamentally related to the Raeynolds number

and roughness of the wall,
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3. Curvature of the flow filament which may lead
to separétion of main fluid stream of the wall
surface of the measuring device, resulting 1s the i
contraction of maln stream and eddy formation,

4, A displacement of boundary layer,

These conditions which are mainly dque to vis-
cnsity influence, differ from those of irrotational
flow, the latter being a basis of mathematical approaches
to fluid dynamies, In‘spite of these limitations, import-
ant eonclusions can be drawn from potential theory,parti-
cularly for fully developed turbulence, when viscosity
influentes may become irrelevant, Thils statement may
be considered a paradox in the case »>f a MLy developed
turbulente with its high verticity, Neverthless, the
Aexperimemal results closely approach calculations based
on irrotational flow,

CORRACTION COEFFICIINT FOR NON UNLFORM VELOCITY VARIATION
IN PIPE SECTION .

The value of correction coefficient used
in previous equations is due to non-uniform velocity
distribution, *he total energy of a stream made up of
stream tubes, at any cross-section, is equal to the total
energy at some other sectlon plus the losses cccuring
between the two seetisns, Sinee the quantity flowing

past each section 1s steady flow durins the same time,
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interval is same, the average energy per pound of fluid
at any section is aciual to .the average at the setond
section plus the losses between the two sections. This
aVerage energy at any section may be easily found to
be (7) .

/U aa

1l
H = ..2..-.-2 e (7)
av. W gg fU&A

The 1ast term in this expression can be evalua-
ted exactly cmly when the velocity variati n in terms
of d4 is known, If we use the average velocity in
¢ ‘mputing the kinetic enerfy of the fluld per pound
of fluld flowing, we introduce an error aqual to the

2
difference between 1/2g ( 4L Paa y and 9
[ Uaa 2g
in wvhich U represents the average Velo;::ia.ty. The true
U"da

average Kinetic energy head 1/2g ( ) is

VA
always larger than the average valus VB/Zg 80 that the

2
former may always be expressed as o V /28 . varies
between 1 and 2, when 0( = 2 the velocity varies
parabollically,

DISCUSSION:

it will be elear from the above considerations
that we are using the formula for flow calculations
with the assumption of irrotational flow. Mre over
the flow at the walls of the pipe line is not irrotational




and a little more consideration of this effect will be
given in Chapter 3,

In the present problem, the meters are installed
almost horigzontally, hence the variation of dabtum head
is not there, Again the metering fluid is water and
it is tacitly assumed that ther: 1ls no variation of
density under the normal operating conditions, Under

this circumstance, the flow equation may be written as

Cn J
Q = D Az (2@)& (8}
9 )if - |

(1«m
PRIMARY ELEMENTS - CENTRIFUGAL TYPE MET ER.

If a fluid s flowing through a right angled
bend in a pipe and the bend is in the form of a smooth
are of a circle, then, owing to the tendency of the
fluid to continue to move in a straight line, the
pressure of the fluld on the pipe on the outside of the
bend will be greater than the pressure insida. ‘he
difference of pressure will depend upon the density of
the fluid and upon its velocity, It hés been found by
expariment that the pressure difference bears a reasonably,‘
constant relationship to the mass rate of flow of the '

fluld, The relationship may be expressed by the relation,

W = €. A (863,34 (pl-p2 ))* (9)

D
p in psi,




11.

DISCUSSION:

There are two rlght angled bends on the pipe
line of 13 §" diameter installed in the senior Hydraulic
Lavoratory, Hence it was thought necessary to establish
whether the relationship between the dlffgerential pressure
and the discharge in the pipe line is conktant or not,

So two manometers were used on suction and discharge
sides of the centrifugal pump to study the effect. More
over the liquld being water the relationship between
discharge and differential head may be related as

Q = 1zc.D 4 (63,3¢ xh )ir (1)

SIMPLE _U- TUBE MANOMETER 3

With a common glass U-tube manometer the diffe-
rence in liquid levels in the two legs of the manometer
may be measured directly with the linear scale attached
to the instrument., This measurement is related to the

8
pressure differential across the meter ).

During the experiments, simple inverted U.tube
manometers were used and the direct reading of’differentiai
pressure 1in inches were obtalned. From this the actual
difference of pressure is obtained by taking into account
- the weight of air andthe expression for it my be easily

found to be h = hm (1 wA) (11)
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Where h, measure differential pressure in the

manometer,
h 1is the actual di fferentlial pressure of the meter.

w' 1is the weight of alr at main pressure lbs/c ft,

w is the welght of water 1bsg/c ft. (10).
IHE METHOD OF DIMENSICNS:

Geometrical Similarityt The method of dimensions (8)

may be used to determine the form of relationghip between

1, The pressure differace P12  between any two

sections in a chosen system where liquid flows steadily
between the solid boundaries (pressure difference due

to diffa‘rence in level having been deducted),

2, The mass M per second crossing any transverse
section ( M not varying with time)

3. the density of the fluid.
4, the viscoglity of the fluid, and
5. '1* 4 a length that specifies the linear

dimensions of the walls of the system.

Since only length 1 1is specified, it follows
that we are assuming any change in the length %o apply
to all lengths in the system, If the size of the tube
be changed, 1t must be reduced or magnified throughout
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being kept geometrically similar,

I+ no other variables are concermned we may write

the relationship

Fl (pm ,M,l,p’h) 20.

“"he function F:L involves the variables and
constants depending on the shape of the walls and the

position of the two c¢hosen points,

Any change in units used to measure mass, length
and time must have the function unchanged in value, Hence
whenever the variables occur in the function, they must
éccur in products that have zero dimensions wien expressed

in terms of mass, length and time.

3 b e d
le¢ p, M 1 p M®  be such a produet

having zero dimensions,
By dimension analgsis we get

1 b

2 - - "l
(ppz 1 ¢ ;112 )a (M1 A )  as the

. two products . According to the van dflest method of
analysis we find that there will be two independent
dimensionless groups.

Henca:
-2 -1 =1

7 (plal"‘Pn,Ml}L ) =0 (12)
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Solving for first product and taking the square root

and transposing we have .,
Moo= 1% L M/p M) (13)
= Pyo £ ) £ (°F . 13

*hnis algo can be written as

3 |
17 pyo d
M 125 .
= fz(

M
TN )

(14).

Equation 13 and 14 show that M/l2 (P15 )t

3
and M /1 Pys f ) do not change in value it

M/1)  be kept constant, gven 1f M y 1 and chan:ge
Thus elther of these products has a single value for
one value of M/ 1 M and a curve may be plotted (from
experiment or theory ) to relate elther of these and
M1 M . This curve is general for all liguids, rates
of flow, and sizes of the system, provided that the
System and two chosen points be kept geometrically
similay,

In almst every case, when the valus of M/L
1s large ( a large rate of flow) the kinetic energy
terms predominate, and M2 varies P12 approximately.,
Thus f; in equation 13 tends to a constant valua, Similarly
for small values of M1 M (small rate of flow) viscous
forces predominate and M/ P X p12 /ﬂ s then f in

equation 14 generates into a constant and no turbulence

is produced,
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If the sizes of the system can be specl fied
by a single variable 1, but requires more (such as
the cass of a circular orifice of radius r in a plate
thickness A , placed in 2 tube of radius R} the
application of above theory would give in place of equation;
13,

2 M R
M = A -
' (p, §) f, ¢ 3 - = ) «(15)

If fl is to remain unchanged in value we must keep (in
general) M/L M anda A /r and R/r unchanged in value
and hence all system must be made geometrically,simllar
unless the effect of A /r and B/r on the function
is about to be investigated,

Consequently, if the boundary is kept geometrica~-
11y similar and M1 M\ 1is unchanged, the stream lines
and eddies remain geometrically similar (unless, the
eddles be moving and the functions vary periodically
with time,jy In any of the equations, the mass passing

per second may be written in terms of Q, the volume

passing per second or V, defined as the mean veloclity
over the transverce sectlon or ag the velocity at any
chosen peint in any chosen direction, may be used. ‘ﬁae
product M/l then is replaced by Q £ /1 A or V1f/ M
vhich is nothing but Reynold's number.
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C ONC LUSIONS:

From the above discussion, it is clear that 1f
two meters are geometrically similar, thelr characteristics
- will be identical under similar condlitions, Themass rate
of flow or invthe present case of incompressible liquid
the volume rate of flow will be proportlonal if the
geometriéaliy characteristics of the meters will be
proportional prcvided that Reynolds number is same in
both cases. This is perfectly true provided the other
factors do not come into picture. But in actual practice
this is not the case, because the factor 1ike roughness
cannot be preclsely controlled and hence there will be
some variations, again the boundary layer theory conforms
to this statement, After a certain degree of smoothness
has been attained even polishing to the equivalent of a
glass finlsh does not reduce frictional losses. However,
this roughness effect 1s very small, but it does call
for the introduction of a small correction, which is
known as the ’pipe‘size factor', More over the considesra~
tion of the dimensicnal analysis helps to a éreat extent
in thefield of model testing.

A SHORT DESCRIPTION OF THE DIFFSRINT TYPES OF METERS.

In order to have a ¢lear picture of the different

types of differential pressure flow meters as regards

their geometrical characteristics are conCerned, it
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seems reasonable to give a brief description of each

type Of meter,

DALL FLOW TUBS : Flg, 3, The Dall tube consists of

a short length of ‘lead in * parallel pipe, followed

by converging and diverging sections (11). 4 small gap
made between these sections, *he flow first strikes

the dam at a , which would be expected to increase the
head loss, There is a narrow eylindrical section on
elther side of the throat slot, Therefore after the
flow passes through the inlet cone it encounters a sharp
edge at b, and then another sharp edge at ¢, The flow
next has %o traverse the open throat slot, after which
it strikes two more sharp edges 4 and e. xt point f
the flow undergoes sudden enlargement to the pipe diameter,
The cones are steep in addition t» being truncated, and

the whole device is only about two diameters long., The

TeCOvery cone has an included angle of about 150.

The vonventional Bernoulli theorem applies when
the stream lines are parallel with the walls of the tube
through which the fluid is flowing at the point of pre-
ssure measurement and by utlilising a parallel throat
length, the conventional form of venturi is designed
to ensure this condition. The slot #x formed between the
smaller dlameters of two cones, has a substantial included

angle and the lower of two pressures is measured in




this slot. The effect of abrupt change in contour 4¢
the glowresults in a sui)stantial curvature of the stream
lines at the slot and this adds a ’stream line’ head

to the differential head produced in accordance with the
Bernoulli equation, Tpat is to say, the pressurs at the
throat 13 increased by a significant amount and the
discharge coefficient is, therefore, much lowerthan unit.
In addition, the abrupt reduction in diameter at the
point where the upstream pressure 1s measured results
in a local increase of pressure which agaln, increases

the differential pressure produced by this devics,

‘Inspite of the abrupt dhange in diresction of
the stream line of the slot, there is no break awvay
of the Jet from the wallys and consequently no eddies
or disturbances. In fact the slot ig analogdus to the
anti-stalling device on an air craft, which prevents the
break away of alr stream at high angles of incigents,
The elim nation of eddy losses and the reduction in frice
tion, resulting from the short length of the cones,

results in a high recovery,

Due to the uncomplicated nature of the D11 tube
Contour, in the larger sizes these detecting elements
ran easlly be fabricated in mild steel. Dall tube inserts
of fibre glass f r mounting between adjecent flanges

in a pipe line, have also been us:d for metering corrosive
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fluids.

Usually Dall tubes «re uged for measuring the
flow of water, compressed alr, sewage, 10w pressure alr,
relat1Veiy clean and non-corrdsive gases, and low pressure

" steam eg. exhaust steam.

VENTURI METER (Fig., 4).

Essentially, a venturi tube consists of the
followings

1. A converging portion, where the transformation
of pressure into kinetic energy takes place, This is the
essential part of the pressure difference device, sccorde
ing to the shape of this portion venturi tubes are ¢lassi-
fied intos

a, Herschel type, also called conical entrance
type, in which the entrance portion is converging-entrance
¢cne,

b. I.8.4, nozzle type in which the entrance portion

Consists of a standard I.S.a. 32 pmozzle,

2, A cylindrical throat portion,

3. A divergent diffuser. Znis is the characteristics
part of the venturi tube. Its adjunction of the converg-
ing portion allows a partiai recuparation into pressure

energy of the kinetic energy existing in the throat
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section, This recuperation is progressive and is best
eaffected when the eddying zone is small in the decelerax-'
ing portion, The optimum value of the divergent angle
is from § to 70.

When the diameter of the downstream section
of the diffuser is smaller than the diameter of the
pipe, the venturi is said to be truncated, Distfnction
is thus made betkeen the following,

Venturi truncated with a divergent angle of § to 70.
0
Venturi truncated with a divergent angle exceeding 7

Venturi none-truncated with divergent angle exceeding 70

" : o
Venturi nontruacated with divergent angle 5 to 7 ,

NOZZLE TYPE VENTURL TUBES:t (Fig, &)

The nozzle type venturli consists of a gtandard
I.8.4., 32 nozzle, followed by 4 cylindrical throat and
a di ffuser, Fig, 4 shows the ¢haracteristic of this
device and makes apparent the essential difference bétween
this type and the venturi tube and the standard mozzle.
It will be noticed that where as in tholater, the down-
stream pressure hole 1is located in the down stream
face of the nnzzle; in the venturl, it is situated in
the throat, immediately following the nozzle profile
and preceding the cylindrical gsection, The first study

of this type of venturl was made by Schlag, Schlag and
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Jorrisen give results of nozzle venturi calibrations,
effected between the years 1934 and 1947. A full discue
sslon of all these will be given in Chapter 4.

THE DOUBL: THROAT VENUTER TUBE  (Fig. 6)

A s 1in the case of the Dall tube, the function
of this device 1s to give a low pressure loss cha@acteris-
tics, From Flg, 6 it 1s seen that in general the design
of this detecting element is very similar to the standard
nozzle, venturi tube, but at the end of the normal
parallel throat section a gsecond contraction bs formed,
by a buttress, and the pressure tappings are contained
in this ,

AHE ORIFICE PLaTE (Fig, 7)

Figure seven illustrates schematically details
of an orifice meter installation, The installation
conslsts principally of a flat plate which has a hole
in its centre, concentric with the pipe and in which
is clamped between two pipe flanges so that its plane
is perpendicular to the axis of the pipe.%he pressure
tap holes are drilled in the flanges and are ¢onnected
to a U-tube manometer by means of small pipes. The \
change in pressure which cccurs as the fluid flows thrsugh
the orifice is indicated by the differeme in liquid

levels in the two legs of the manometer,




FiG 9

FlG /0

(Upstream Pressure Conncction

Dave Caerice

0ig,)
e

0-03d, (maxr,

e Noce

Khd - =

Swauctr cswe (7hoies U036 da)

% - 6d

- . “_)Qq —— - 4)"1 e
1 - - _

1 | : - 2

L__")‘)[ ut . — ‘F d
Ly N

Bl g B ) oY i

T /-w-t

. bupact Prosavwee
NP L .Tyee PHHOT uac




22.

The type of plate now universally adopted is
of the s§uare edge form . That 1s to say, the bore of
the whole forms a right angle with the upstream face,
while rounding the upstream edge would have the effect
of reducing the contraction of the Jjet and thus increase
the pressure loss, this operation will greatly increase
the manufucturing costs. ZThus by using the square edge,
no special machinery or checking gages are required |
in the construction and duplication of orifice plates
Since the plate has only to withstand the differential
pressure it produces and not the static pressure in the
main , it is made quite thin, The usual thickness 1is
1/16" for mains upto 6" diameter and 1/8%" for mains
of larger dlameters, There are various arrangements

for pressure  tappings.

THE DALL ORIFICE: (Fig. 8).

The Dall orifice 1s a development of the Dall
tube. At the expense of increased head loss, the included
angle of both the upstream contruction and down stream
expansion are made somewhat larger than in the Dall tube
and also reduced in length., 14 may be regarded as shorten
version of the Dall tube designed for insertion between
the adjacent flanges in a pipe line; the shortensd ex-
pansion cone projects into the downstream pipe. The gap

required bétween the adjacent flanges is of the order
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of 1¥ inches, and both the upstream and throat tappings
are eontaihed in the distance plece carrying the upstream

and downstream cohes.

THE NOZZLE (Fig. 9)

The nozzle type of differential pressure pro-
ducting device is vertually a venturi tube with the
curved form of approach but without downstream expansion
cone., Various gtandard designs of nozzle are avallable

of which the I.5,4. nozzle is the one most widely known.
This is of the short form, the inlet consisting of
gwo circular aeqs of different radius. The design
also is adopted by the British Standard Institution and
the proportions for this are as illustrated in the Fig.9.

Single tappings or a plezometer ring may be
used, and a complete assembly can be provided in corpora-

ting both upstream and throat tappings,

BHE PITOT TUBE (12) (Fig. 10).

The first description of a tube used to measure
pressures for velocity distributions was given by Henry
Pitot in 1732, Darey mentioned improvements to the
ingtruments in 1884, alrey and Guy give a reasonable
summary of the history and status of informations

about the tubes upto 1910.
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A vpitot tubs or similar velocity measuring
device conslsts essentially of three parts, namely 1.
The head or the instrument section,
2. The pressure connecting lines between the head and
the pressure indlcating device., and

3. The indicating device,

a; Pitot tubet A cylindrieal tube with ah open o6nd
polnted upstream, used in measuring upstreum pressures,
b, Pitot statie tube: 4 parallel or coaxial combination
of a pitot and a static tube. The difference between
the impact pressure and the static pressum is a function
of the velocity flow past the tube. |

When the velocity distribution is symmetrical
with respect to the pipe axis

2 3
A - Sy gAY

Za (16)
LR g e Ay
WL
Where A - /c; uBO\A B
Ay3

THE PITOT VENTURI AND DALL PITOT (Fig. 11),

For certain applications a higher differential
pressure 1s requircd than that produced by a single or
double tip pitot tube, The differential head may be
magnified by mounting a small venturi tube on the end of
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a pitot tube. The lowar pressure is obtained from the
venturli throat, measuring point, and the differential
head obtained 1s about four times greater than that
produced by a single pitot tube.

4 greater magnification can be obtained by using
a Double venturi tube head of the form illustrated in
elg. 11, The lower pressure is now obtained from the
throat of the inner venturi, the downstream end of which
coincldes with the throat of the outer venturli, A flange
may be mounted near the end of the outer venturiy The
function of the flange belng to increase the suction at
the outlet end of the outer venturl, thus increasing to
a limited extent, the amplification fuctor,” The overall
dbamensions of this device are of the order of 1" dia.
by 34" 1long. An alternative design utilises ag Dall-
tube head. Depending upon the size of the duct or pipe,
the @ifferential head produced is from 6 to 10 times
that producted by a single tip pltot tube. The flange
of the end of the Dall tube has the functlion of increasing

the amplification factor in the manner described above,

SUMMARY OF QHAPTER 1.

1. In the beginning of the chapter a short history is
given in order that some idea can be gathered about
the development of the differential pressure flow

— measuring device, Some historical note is also given




26,

inside the Chapter whereever it is felt necessary,

2+ Next a theoretical study of the fluid metering problem
is analysed. From the analysls it is foufid that the

true viscous or true turbulent flow in the closed conduit

is not possible, The‘re alwajs exlsts some influences

of both , But in the normal working range the flow is

turbulent and the effect of viscosity is not predoiinmt.

Hence the turbulent flow characteristic is dealt with

more detail,

3.The Bernoulli theorem for turbulent flow region is
fully discussion and the flow equationsg are derived,

In the derivation, the varlous effects that come in the
picture have been incorporated, It has ’been more seen
that the irrotational flow is assumed in the derivation
of these equations, 4t high Reynold’s number these condi-

tions are in good agreement with the actual problems.

4. A simple theory of the bend meter is also given,
because this also comes under the family of differential
producér flow meters. Here also the irrotational flow
is asél med. This assumption is valid because the effect
of ¥iscosity on the flow is megligible in the normal
wotkin' r.nge of the liquid which is water in the present

case,
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S5, & dimenéiOnal analysis for such types ~f meters is
given, It is found from this analysis that the mass

rate of flow ¢can be predicted very easily if the geometri-
cal similarity is maintained between the model and the
prototype.  More ove:' the non dimensional factor i,e,

the Reynolds number also should be same in both cases.

In practice, there will be some difference from the

theoretical value due to the plpe size factor,

6, Then a short description of different types of diffe-
rential producer flow meters is given in order to know
the geometrical characteristicg of them. It is essenfilal
while in’estig.ting the difference in their working
characteristics, Of’cburse it is not possible to deal
with all themeters in detail in this present work, as

it will make a treatise of its own,

7. Endeavour is made to explain the working of ﬁheseh
meters in order that while doing the comprative study

of their characterigtics, 1t may be of immense help.

8, While the Pitot tube is essentlally a veloclty measur-
ing instrument, it 'as been included in the Chapter becaﬁsg
of the fact that it is included in the same category

of the differential pressure producing devices.

9 Since the experiments that are conducted in the
laboratory are with vater, the theoretical investigations

are based on incompressible fluld flow, Some passing
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remarks have been also given to take into account the

compressibllity factsr in gase of gases and vapours.
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CHAPTER 1I.

EXPERIMENTAL ggmsxma SHORT VENTURIS AND DALL FLOW

INTRODICTLON:

It was proposed to éalibrate the short venturi
tubes installed in the senior‘Hydfaulic Laboratory and
also to calibrate the Dall tubes, The calibratiomof the
short venturis having rounded entrance have been done
first in experiment set ups No, 1 and Mo, 2, Then from
this the calibration of the following meters are also

done :

1. Bend meters, one on swetion side and one on discharge
slde of the pump.

2, Calibration of rectangular weir of the Senior Hydraulic
Labo rato ry,

3+ Calibration of the shunt water meter used in experiment
set up no, 1,

4, Calibration of water meter on filled in series with
the short venturi in experimert nc, 2,

5. Calibration of the recording meter used in experiment
No, 2.

Thercalibration of a Dall tube which was installed
in Junior Hydraullc Laboratory is also done, A model
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was prepared for the Dall tube of 6 inches dlameter filled
in the Junior Hydraulic Laboratory and the calibration

curve for this also is dealt with here,

Finally the discussion of all the results
obtained 13 given at the end, The experimental observa

tions are attached at the end in Appendix,

EXPERIMBENTAL SET UP NO, 3, ( Pig. 12 and 13 )

Centrifugal Pumps - Escherwyss, Zurich
H =18m n = 97,0 T/nin,
Q = 230 l/se¢c, N = 715 ps.
No, 7923,

The centrifugal pump as mentioned above is
installed for the 13" pipe line in the Senior Hydraulie
Laboratory, The crossestional view of the short venturi

used for flow measurement is as shown in Fig, 13.

PLAN OF PROCEDURE:

The first and foremost problem in this experiment

i1s to measure the corre¢t discharge. Since the quantity

of discharge is large enough to be handled by any measuring

tank, other means are resorted to.

It has been found by experiments that if the flow
to any converging cane is smooth andthe stream lines take

the form of entrance cone, the head Ross 1is very small
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and i1s equvalent to loss of head due to friction through

(15
a plpe of 1' long and uniform diameter ). This

statement 1s given with the assumption that therels no
further contraction beyond the contracted section, For

a pipe of 13" inside diameter the equivalent length is
3'-6", This assumption is correct in this experiment,
because the entrance section is smooth as shown in Fig,
13, The theory to be dealt with in the Chapter IIl |
supports this statement also, To find the correct values
of discharge coefficient, the method described in

Ch@ter I1I 1is adopted and the values of discharge
coeffieients, discharge and other factors are calculated

as shown in Table 1 of Appendix,

In order to get the frictional head loss in the
meter with the help of equivalent length as found above,
observations were taken for the head loss in straight
portions of the uniform pipe. %he distance between two

points in the same horizontal plane, is 20.5*,

CALIBRATIOV OF THE METER

The physical properties of water are determined
at operating temperature of 74°F. At this temperature

-5
the value of absolute viscosity U 4is 1,92 x10 1lbsec/

£t2 , The density of water = 62,25 1bs/cu. ft. 4 calibra-

tion curve 1s drawn between Reynold's number (Be)n angd
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the coefflicient of discharge Cy; as shown in Fig, 15 .
~CONCLUSION:

It is seen from this curve that the coefficient
remalns practically constant during the operating range
of the meter, MoTeover the flow is turbulent during the
range of operation, | The value of the coefficient of dise
charge falls slightly at high Reynold’s number as it is
exp&a‘te;d,

THE SHUNT WATER METER 3

For ‘tha- purpose of eerelating the discharge
between the main pipe line and the water meter - meter
used parallel to the main line, a set of simultaneous
observations are taken., Before using the water-meter, it
is calibrated and a callbration curve is drawn as shown in
Fig. 16, For each observation the time allowed is flfteen
minutes, The values of water-meter readings are given in
column 7 of the Table 1. The purpose of the use of the
shimt water meter was that for a given water meter reading,

the discharge in the main pipe could be ohtained,
LONCLUSION:

A graph is drawn between the discharge through
the water meter and the main pipe line. It will be seen
from this graph TFlg, 17 , the there 18 no good relationship
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between the water meter reading and the discharge in the
pipe line, But a smooth average curve is drawn to give

tke approximate discharge through the main pipe line.

LRIMARY BELEMENT . CENTRIFUGAL TYPE:

‘Ihere are two right angled bends in the pipe |
line, onhe 13 on the suction side of the centrifugal pump
and the other is on the discharge side of its, The manometegs
are filled into these bends as shown in Fig, 1, to read |
the pressure differential between the twc radii of the bends.
fhen the graphsg are drawn between square root of the di ffe-
rentlial head and the discharge through the pipe. Fig. 18
glves such a graph for the suction side and Fig-.» 19 shows
the relationship for the discharge side. +he values of the
‘differential pressures read in inches of water are tabulated |
in Column 1 and 2 of the Table 1.

CONC LUSIONSs

From Fig, 18 Q = 1.818 Ch).;F

From Flg, 19 Q = 2 Ch)é
where h - differential pressure in inches of water.

Q =~ dlscharge in cubic ft/sec,

The graphs are straight lines passing through
the origin, ‘here 1s a little difference in the constants
in the equations because, the swetion and discharge bends
are not of the same radlus , Mre over there is some

amount of water Xxsdnguxtks lost through leakages in
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bearings of the centrigugal force. Hence the discharge
through the suction bend will be more than what passes
’chrough the digtharge bend.

EFFACT OF DISCHARGE HEAD ON COEFFICIENT OF DISCHARGE:

During the experiment, the head causing flow
was varied and different observations were taken by kKeeping
the dischargé head from the centrifugal pump constant, IThe
purpose was to velify it there could bes any effect of dis-
charge head on coefficient of the meter, But it is found
that there is no appreciable effect of discharge head on
coefficient of dischargeof the short venturimeter. Jhe
coofficientpractically remalns constant and varles slightly
with the Reynolds number.

CONCLUSION ON EXPERIMENT NO. 1.

The discharge coefficients found from the
axperiments are very high and there is a very slight varia-
tion of them with the Reynolds number. After getting the
discharge by the method mentioned in Chapter III, the
other meters are calibrated, A calibration curve for rectan-
gular weir is also drawn, It is seen that the constants
obtained are nearly equal to the constants given by Bazin's

formuls,

The bend meters are calibrated and hence with
the help of them flow in the plpe line can bs predicted
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with reasonable atcuracy, The discharge coefficient of the
meter 18 very hlgh as is expected from this type o f smooth
entrance flow meters. Consequently the losses in the

entrance portion are less.

The percentage pressure loss is very high and
is nearly 30%. Inis is because the tappings for measuring
pressure loss are very close to the venturimeter where
the full recovery of the pressure is not attained, The
normal flow pattern is not obtained Just nearer to the vene
turimeter and hence the pressure loss as indicated by the
meter 1s very high, Nevertheless the after sufficient
length ghead of the meter flow becomes normal and the full

recovery of pressure is obtained.

 EXPERIMENTAL SET TP Fo, 2. (Fig. 20)

Iwo stage centrigugal pump,
Escher Wyss = Zurich, n -« 2900 T/min,

L S 76 meters N - 25 ps No, 7932,

The eross-sectional view of the meter is asame
as the previous one, This short venturi is installed in
the pipe line connecting the pelton wheel and the two-
stage centrifugal pump as mentioned above. Here the
same procedure of experiment is the same as described for
experimental set up Ho. 1. The watermeter is filled directe
1y in serles with pipe line, The distance between the tapp-

ings for frictional head loss measurement is 10'-6", Since




S
=

O/ XX =— NIGWHIN

SOTONATY =<— T

4

/

1

._

_ 0

—Z0

_$Q

®

]

IM VLTI 1ININTN LYOHS S0F TN NOLLY YT TV D

/2 5




SOFSN2D SON/CV.T7Y XILIW YILVM

< - S Ld £ Z / 0
| ! ! ! I 0
_ "
|
/0
M
Z0
Q
)
2
>
,,,,, —eo @
™
0
N
s0
2
_
s0
Q.0

ONIOVIS DNIFTLTW YL <A D




e P SOFSHD FOXVHIS/T

L O =N S0 + 0 £ 7.0 /-0 QQ
A
/0 M
X
N
S
Q)
20 M
N
m A
3
3% w
, NS
) >
m 10}
, 0
&
vo ﬂ
V)

!
/ . S0
.
| _ _
/ _ |90

YIITW ONITOYODTY S0 NMOUVYYE/ TV

£2 914




DISCHARGE N's (H) 2 FOR RECTANGULAR WIER EXPT-2

F16.23 @)

o008

oos5

002 003 004

00/

08

o7

06

Fy
J

~3

o
S2ISND =

-

S
[

(H)E ——




Expt. No,2 = Fig‘go

® - e 24
Expt., No.3 - Plg.2 Expt. Ho.4 - Pig, 26




36,

the short venturl meter is installed in between these
tappings, the loss in the meter is substracted from the
reading and the remaining head loss 1s the loss in the
length 8,75 ft, Both the methodg of calculationsare

used here also and the values are tabulated in the Table
No, 2.

CALIBRATION:

A curve is drawn Fig, 21 between the Reynold's
number and the coefficient of discharge., 4 calibration
curve for water meter is also drawn as shown in Fg, 22,
and Fig, 23 shows the calibration of the reaording meter

attached to the venturl meter.

CONCLURION:

After getting the dlscharge with the help of
rounded entrance flow meter theory as mentioned earlier
the rectangular weir is also calibruted., The coefficient
of discharge from Bazin's formula agrees falrly well.

From the calibration curve Fig, 21, it is seen
that the discharge coefficient 1s high and it remains
constant during the operating range. Moreover there is
- slight fall of value at high Reynolds®’ number. The result
1s same as obtalned for the previous set of experiments.
ince the venturimeter 1s a smooth entrunt one, the losses
are small in the entrance cone, hence the coefficiamtof

discharge is high,
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The calibration curve for water meter is drawn
and it is a straight line. Hence for any reading of the
vater meter, The direct reading of discharge can be obtain-
edfrom this graph, ©Simllarly the recording meter attached
to the short venturi 1g also calibrated as in Flg, 23 and
it can ghow the correct dlscharge for any reading exibited
by the mebter in the operating range.

The percentage head loss is calculated and tabue
lated as in column 16 of Table 2, It will be seen that the
percentage head loss in the meter is quite small, Fbr‘a
diameter ratio of 0.,7031 , the percentage head loss as
obtained for the short venturi is nearly 10.5% as will be
saen later in Chapter IV, This is obtained by experiments,
I; this case of rounded entrance flow meter the head loss
is less during the operating range and varies from 11 to
6,9% and it is seen from column 16 of Table 2 that the
percentage head, is nearly same as is previously obtained.
From the observations it is seen that most of ths percentage '-

head loss values are nearly equal to 9%,

EXPERIMENTAL SET UP NO, 3. (Fig., 24),

A Dall Flow tube is installed in the Junior
Hydraulle laborator in a 6 inch pipe line as shown in Fig,
24, A measuring tank is used to know the correct discharge.
A set of observations im shown in the Table 3, The purpose
of this experiment was tb calibrate the Dall Flow Tube
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and to study its pressure loss characteristics,

A calibration curve is drawn as in Fig, 25 betwe
een Reynold's number and the coefficient of discharge, 1t
will be seen that the discharge coefficient starts to vary
below a Reynold’s number of 3,5 x 304 and at higher Reynold‘%
number 1t remains practically constant, loreover the shape
of the calibration curve is nearly same as the ori fice meter

as will be seen in Chapter IV,
PRESSURE LOSSs

The friction factor for the calculation of fric
tional head loss in a length of 1'-9" between the pressure
taps for measuring the pressure recovery is obtained from
the graph given in (16), The friction factors are taken
for 41 fferent Reynold’s number and for a pipe diameter of
© inches. 7The calculated equivalent head loss is substracted
from the readings of column 3 Table 3, The percentage head
1s calculated and tabulated in Column 8 Table 2.

C ONC LUSI O

It will be seen that the head loss in the meter
1s very high, Of course it does not represent the full
recovery of the head loss, Bacause the tappings for pressure
loss measurement are very close to the Bull Flow Tube and

hence full recovery of the differential head is not obtained.
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More over the lengths of the stralght pipe before and after

the Dull Flow Tube are very small . Due to bends and gate

valve nearer to the meter, the flow is highly Surbulent
and helical flow pattern exists, But nevertheless the
dlfferential pressure produwced is quite high as is expected.

EXPERIMENTAL SET UP NO, 4. . (fig. 26).

DESIGN OF A NEW DALL T UBR:

It was proposed to install a new Dall tube for
a X in diameter pipe line j.n the senlor hydraulic laborator]
For this purpose a Dall tube was designed and was manufac-

tured in the wo rkshop,

GOVERNING CONSIDER4TIONS FOR DESIGH:

The process of designing the elements of an
installation for a particular metering problem 4iffer fronm
calcuiation of flow rate in that it is basically an appro-
ximation, Thus for design purposes, a detalled evaluation
of all terms in flow equations is not necessary and simpli-
fied methods may be employed in selectlon of meter size
and manometer range. On the other hand subse@uent calcula~
tion of meter factors or flow rates based on this design,
require the use of complete flow equations with all variabe

les detam&ined as accurately as possible.

The factors to be considered ares

<
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1. At the maximum flow rate, the pressure differentia%
should not exceed a value which can conveniently be measured j
with a manomet_'.er. Scme allowance should be made for

surges in flow.

2, At the normal flow rate, the pressure differential
should be large enough to permit it %o be read with reasonablf

accuracy,

3. When metering gases under low pressurey the pre-
ssure dl fferential should be kept low to minimise permanent
pressure loss and to reduce the sensitivity of the meter to

the gas expansion factor .

4, When metering compressible flulds, the meter
range size (in inches of water) should not exceed the abso-

lute upstream static pressure (in psi )

the design for the new Dall tube vas done accord- |
ing to theprinciple geometrieal similarity with that of the
Dall tube for 6" pipe line installed in the Junior Hydraulics
Laboratory, the fol).owing dimensiong are obtained for this,

0o 2]
Inlet cane angle = 19. Diffuser angle =7 ,

:hese angles were kept constant for both the Dall-tubes
Other dimensions were obtalned in proportion to the dimensiong
of 6" Dall tube. The relevant dimensions are given in

Flg, 27, #fter preparing the drawing, it was given for

manufac turing. The outer casing was made out of aluminium,
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because it is a light metal. The inner piece being brass.
The brass was chosen because it can give better surface
finish with less trouble wh_:_l.le fimM. shing. Valuable sugges-
tions were received from Prof, H. “lvord (Guest Professor
in Mychanical Englneering from U,S.a,) for designing the
tube to @ase manufacturing difficulties.

After getting it manufactured, it is installed
in 1" diameter pipe line and was tested, A measuring
tank was used for meauring the discharge through the meter
The different quantity of dlscharge were measured for diff-
erent runs and the observations were taken with all precau-
tions as outlined in the end of this Chapter, The observa~
tions and ealculated results are glven in Table 4.

C ALIBRATI ON:

A eali bration curve is drawn betwesn Reynolds
number and the coefficier;t of discharge. The coefficient
of discharge is more than unit at same readings. It becomes
constant at Reynold’s number of about 13 x .103 and after
that remains a constant practically, The curve is similar
to the calibration curve for a orifice meter, The coeffi-
cient. number becomes variable at low Reynold's number, A
more detalled discussion of this calibration eurve will be
given in Chapter IV, while comparing the flow meters.

HEAD L0OSSs
| The head loss in the meter 1s very high and
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consequently the pressure retovery is very poor, This

low recovery may be due to:

1. Manufacturing defects are there in the Dall Flow Tube
There are some blow holes in the casing of the outer

aluminium casting so that water used to leak through them,

2., There are some internal threads in between the tapings
to the manometer for reading recovery . It is greatly

increased the pressure loss and hence low pressure recovery,

3., The size of the Dall Flow Tubs being small, there is
much of friction loss between the inlet and outlet of tube

go that recovery is low,

4. Due to so many obstructions in between the pressure
tapplings such as abrupt changes of section and the reading
portionsg, lot of eddies are formed and this gives a high
pressure loss, However the differential pressure in the Dall

F)ow tube is quite high as is expected,

PRECAUTIONS:

1. A great care 1ls to be taken to fill the manometers
before f£il1ling into the pinch cocks,

2, In order to avoid trouble due to air bubdbles which
collected at the top of the pipe lines, the pinch cocks are
fitted at ehe sides of the bottom of the pipe.

3. No air bubbles should be allowed to be entraped inside
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the connecting lines of the manometers.

4. Manometers should be perfectly vertical and should
contain sufficlent amount of air initially so that under
different pressure and velocity conditions of the liquid

the full range of the manometers can be of use,

8. Readings are to te taken on the manometers while steady )
state is attained and both of the limbs of the manometer
should be read simultaneously.

6. Connections to the manometers should be perfectly joined
so that under high pressure conditions, they do not give

away,

7. Consistency in reading the liquid level in the manometers
shou'd be maintained,

8+, Two hook gauges are provided to take the readings of

the rectangular weir for greater aceuracy,

9. The readings of the hook gauges are to be taken when
the flow in the channel has attained a steédy state. The
mean value of the readings of the two gauges gives fairly
accurate results, gufficient layer should be taken to take

the correct readings.

10. Sufficient time should be allowed between consequtive

runs of the experiments to ensure theattainment of sgteady

state. 1IN these experiments fifteen minutes time intemmal
__is allowed batwaeen each ohservation,
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11, The pump should be properly provided before starting
and sufficient time shou'd be allowed to run the pump to

make sure that no air bubbles are entraped in the pipe line.

The menometers used in all these experiments
were prespared in the léboratory and they are having bore

of 1/4 in, dlameter,

SUMMARY O RESULBS AND DISC USSIONSs

Prom the foregolng observations and calculations |
of the experimental set ups some important conclusions are
obtained, Theough simple inverted U-tube manometers were
used in all the experiments and there were inevitable err-
“ors in the readings due to fluctuations of water eolumns,
aven then the results obtalned are quite satisfactory
and conforms to the results already obtained., The f0110w1ng.

conclusions are drawn from thdse.

1. The d_ischarge coefficients of short venturlmeters having
rounded entrante cone are higher than the discharge coe~

f£ficients of the Dall Flow Tubes,

2, There exists a relationship between the quantity flow-
ing in the bend and the differential pressure produced
between outer and inner radii, From the graphs the relae
tionship between the discharge and the square root of
differentinl head is a straight line.
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3. The discharge coefficients from Bazin's formula for
discharge over the rectangular welr, taking into account
the velocity of approach are sufficiently correct to

obtain discharge over the welir,

4, The figure 19a and 23a show the relationship between
discharge over the rectangular welr and the head measured

by hook gauges. It will be noticed that the mean coeffic-
l1ent of discharge CD 1s 0.68 at lower values of discharge
(Fig. 23a) vhereas 1t 1s 0.630 at higher values of discharge
Figure 19a, |

5. 4t high Reynold’s number, the values of coefficient of
discharge remain practically constant for all meters, For
rounded entrance short venturis, the discharge coefficient

slightly falls at higher Reynold’s muwmber.

6, The calibration curve for Dall Flow Tube is similar to

the orl fice meter calibration curve rather than that of venw
turimeter., EVen the coefficient of discharge goes higher |
than unity at low Reynold’s number., But at higher Reynoldis

number it remains practically constant,

7. Percentage head loss with tap-pings adjacent to the
meters are high,, with simllar eonditions o pressure tapping&

the percentage head loss 1s less than that of short venturi,

w30e
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CHAPTER III

EVALUATION CF VARIABLES IN THE FLOW _ MEASUREMENT,

INTRODUCTION:

F;rst of all the theory which 1s used for cali-.
brating the rounded entrance flow meter is dealt with in
this Chapter, A brief outline of the theoretical analysis
is given in order to appreciate the results that are obtain-
ed from it, further theoretical treatment is given(IT).
The analysis for very low Reynold’s numbers and for turbu-
lentbhoundary layers are not discussed as they do not come
into the present problem, During the operating range, the
laminay boundary layer condition exists and the Reynolds

numbers are moderately high,

Then the different variables that come into the
flow meterin~ problems have been analysed and the aséumpb—
iong that are taken for solving the problems are algo out-
1ined along with it, The variables are ﬁot the same for
all kinds of fluids and for all meters. Same are important
in one case whereas they heve got less importance in other
cases. Haence complete analysis of them is not within the
scope of this Chapter, Only those, which are confronted
for metering 1liquids at normal operating ranges, have been
discussed, A brief ocutline of the factors which affect

fluids like gases etc, have been given,
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The effects of Al fferent parameters which affect
the value of coefficient of discharge have been discussed;
A brief discussion over pressure recovery cone (diffuser)

is also given,

The reader may Very well appreciate the difficulty
for establishing all these factors but nevertheless some
are quite logical and mathematically correct and some others

have been established by experiments,

ROUNDED ENTRANCE FLOW METER THEORY :

| The calculations of the coefficient of discharge
for experimental set up No, 1 and No, 2 are based on the
theory of rounded entrance flow meter, Because the meters
used in these two sels of experiments are having rounded
entrance cone as shown in Mg, 13 and hence it is falt
that the theory of such type of flow meters should be

given here.

This theory 1s based on the consideration of the
potential and boundary layer flows in a converging nozzle,
Curves are presented showingthe discharge coefficlent as a
function of diameter Reynold's number, with total equivalent
length diameter ratlo of the nozzle as parameter, The
equivalent frictional length diameter ratio of the contrac-
tion section flow meter is presented. The theoretical curved

of discharge ¢coefficlents v,.s, dlameter Reynold's number

are in good agreement with experiments over a range of
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Reynold's number from 1 t® 106. The theory provides a
rational frame work for corelating and extrapolating the
exparimental results; 1t shows the effects of contraction
shppe and location of pressure taps; it furnishes values
of discharge coefflcient for untested designs, and it sugg-
ests precautions to be taken finto design, installation and

operation (17) '

43SUMPTIONS:

The rounded entrance flow meter in which there is
no vena contracta will be considered here. Fig. 28 shows
some of the conflgurations to which the present theory 1s
applicable. In each case there is a smooth eontraction
from a large diameter to a smaller pipe, and following the
contraction there is a short length of constant diameter
pipe preceding the downstream static pressure tap, The solid
surfaces are assumed to be smooth, more specifically the
surface roughness Himensions are assumed to be negligible
as compared with the boundary layer thickness. Only

compressible and steady flow is considered,

DESCRIPTION OF FLOW IN ROUNDED ENTRANC B

We now discuss the details of the flow in a rounded
entrance meter and how these detalls influence the discharge
coefficient,
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High Reynold’s Number:

Since, during the operdting range of the differen-
tial pressure flow meters, the Reynold’s numbers are high
the flow characteristics in this range are to be fully
considered . For such high Reynold’s number, the viscous
effects are, for practical purposes, limited to a boundary
layer whose thickness is small compared to the nozzle dimen-
sions, So we may investigate more or less sepé.rately the
influences on discharge coofficient of the potential flow

in the cone and the boundary layer flow near the wall,

Apart from viscous effects, the nature of the po-
tential flow enters the problem primarily in connection with
the non--mifornnty‘ 61’ the pressure and velocity distributions
in the plane of the down stream static pressure taps. In
general the stream lines in this plane have a slight curvae
ture and accordingly, there is a pressure gradient normal
to the stream lines of such direction that the pressufe at
the wall is less than that on the centre line, TerefoTe
the downstream static pressure tap measures a pressure less
than the average over the ¢ross-section, and by Bernoulli's
equation, leads to inferred velocity greater than the'av'erage
From this reasoning it is clear that the assumption of the
flow being non uniform in the exiet plane of the nozzle
will lead to a discharge coefficient of less than unity
even 1f viscosity were completedy absent., However, the sstream

1ine curvature which generates this effect diminishes as
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The length diameter ratio L/d of the straight portion incre-
ases, Indeed, when on both sides of the pressure taps

there are straight sectlons having length of the order of

i dlameter or more, the non uniformity of the potential flow
in the plane 2 1s negligibly small. It will be seen from
Fig, 13 thath/d is nearly 4 and hence the assumption of

uni form flow in the potential come at section 2 ig valid,

The nature of the potential flow assoclated with
a giveh cpntraCtion shape also influences the discharge
coefficient indirectly, because of the boundary layer
development is controlled in part by the longitudinal pre-
ssure gradient established by the potential flow, Tumning
no to the boundary layer, its growth depends upons

1. Visco#s effecté.

2. Changes in radlus of the contratted section which require
changes in boundary layer thickness to accommodate to a
given' boundary layer flow, aﬁd |

"3+ Pressure gradients.

For a typical contraction section, upto nearly
the end of contractions the effect of falling pressure gra,
dient 1is predominant, and the boundary layer becomes thinher.
Shortly before the beginning of the ¢ylindrical section,
viscosity becomes predominent and the boundary layer becomes
thicker Fig, 29,

N rrt-rormmro ST UMEEG
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VERY LOW REYNOLD’S NUMBER:

'whezi the Reynald‘s number is very small, theabove
plcture is modiﬁedlm that the bou_ndar&‘ layer occuples all
or nearl}r all of the cross -sectional area, I vconcept;ion-
al picture éf a haiindary' layér flow and potential flow
vhich may be treated. y Separagtely is invalid., The analysis
of thls flow 1s not gilven here, since it does not concern

in the present analysis,

THE DISCHARGE C OEFFICI ENT;3

1% there is no friction whatsoever in the contrac-
tion, so that the boundary layer begins to form only at
the beginni_ng of thé c¢ylindrical seckion Flg, 3, then
Bernculli equation glves

- 2 . _
p, ~n =Frz v | (17)

Between section 1 and 2 we may acount for friction by
analogy with pipe friction in fully developed flow by
writing, |

p - P = 4 11 L/4 P/Z 62 : (18)

PPe

where !‘A is a mean apparent frictlon factor over the

length L and is defined by this equation,

It 1s called apparent because it includes the
effects of change in momentum flm_c as woll as of the usual

wall friection on the pressure tap, £t is called means becausel
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the local apparent frictlon factor varles with axial distance
Now adding equations 17 and 18,
2 -

- = Pre w (1+4 ¢ L 9

P o-p /2 V3 (1 spp. WAY (19
The discharge coefficlent is defined ag the ratic

of the actual flow passing throughthe nozzle to the flow
which would pass for the same pressure drop, if the flow
were frictionless, Using the Bernoulll equation and the
continuity equation W = £ AV together the equation 19,

we get

-

Cy = (1+a1 (/D)) (20)

Analternate expression may be obtained for the case in
which a potential core exists at section 2, Leting ﬂz
denote the veloclty of the potential core at section 2,
Bernoulli eciuation written for any stream line not entering

the boundary layer is

2
P U
P - P = " —— and the equation 20 shows
t hat
Cp = Vg /Ug (21).

In other words the dlscharge coefficient is equal
to the ratio of the mean velocity to the potential core

veloclty at the section 2,
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Thus far we have not considered friction in the
contracted section, 4t high Reynold's number i,e. when poten
tial cone exists, equation 21 for Cp 1s valid regardless |
of whers the boundary laygr begins to develop, whether
in the contracted or in the cylindrical sectlon, The equa-
tion 20, however, may be regarded as approximately valid
when there 1s friction in the contractlon section provided
that L is replaced by L* where the later is interpreted
as a pseudo length aéual squal to the sumof L and equlvalenﬁ
| frictional length Leq for the contraction,

Thus -

s ) (22)
Cp (1+4 Liop. L'7a)

!

ANALYSIS OF MODEL IN WHICH CONTRACTION SHCTION IS REPLACED
BY_BQUIVALENT FRICTIONAL LENGTH:

In the model of Fig, 30, the contraction section
i1s replaced by equivalent frictional length Leq and the
flow 1s assumed to enter the tube at section 1 with uniform
velocity and no boundary layer, If L/d is of the ordsr of
+ or greater this model will accurately give correct results,
even with very rough estimates of Leq. Near x =0 , where
the bomdary layer is thin ccmpared with the tube radius,
the Flow in the boundary layer is s.ubstahtially like that
on a flat plate, except that in the tube there i1s a falling
pressure gradient as compared to with zero pressure gradient

for the flat plate in an infinite stream, However the
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theoretical investigations of (18) concaerning the boundary
layer development in a tubs demonstrate that in the region
of thin boundary layers the pressure gradient has a virtually
negligible effect on the velocity profile and rate of growth

of boundary layer,

CONDITIONS FOR BOUNDARY. LAYER TO RS LAMINAR,

Because of strong falling pressure gradient in

the contraetion snection, the boundary layer beginning at

= 0 may be expected to be laminar. Furthermore, since
the falling pressure gradient in the cylindrical section
is favourable to the maintenance of laminar boundary layers,
the longi tudinal length required for the flat plate like
boundary layer to become turbulent may be expected to be
at least as great as in the case of a flat plate with no
pressure gradient, For the létter it is knovn that in a |
stream of moderate initlal turbulence, the length
Réymlds number of trangition (}&9)x 1s of the order of
5 x 105 « Bxperiments in the entties of tubes demonstrates
the validity of the foregoing argument,

Accordingly, the range of dlameter Roynold's number
(Re)d in which the flow upto section 2 may be expected
to be laminar is of the order of

5
(Re)d = (Re)x 4/L = 4/L 6 x 10

-
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In the flow meters under consideration, L/4 is of
the order of ¥ ; accordingly, the range for vhich the bound-
ary layer in the length L amay be expected toﬁ be completely
laminar is of vthe order of ﬁloe Many flow meters of interest
have values of (Re)d Lless then this, Therefore we reach
the importance conclusion that the assumption of laminar
floor upbo the downstream static pressure tap will cover

many practical cases,
THEORETICAL SOLUION FUR LaMIN..R ENTRY:

The laminar flow in the entry of a tube has been
investigated theoretically by Boussinesq, Schiller, Atkinsen
and Goldsstein, Langhaar, and Shapiro, Seigel and Klilne,

“11 these investigations led, by dif‘ferent metihods, to result
which agree within a few percent, and all may be considered
to be substantially correct, The experimental results
carried out in the range of (Re)x / (Re)d2 between 10‘5

-3 :
and 10 , yielded a mean exponential curve expressed by

ey = y ¥
4 fopp @A) = 13.74 (Re)x / Re/d )')
which agreés with Fig, 31,

BOUNDARY LAYER WITH PARTI AL TURBULENCE:

Experiments in the enttfes of tubes indicate that,
other some pecullaritles associated with the onset of tur-
bulence upstream of section 2, the local apparent friction

factor in the turbulent gzone is generally slightly less than
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the average apparent friction factor in the laminar zone
preceding transition, and that as x increases, the value
of f-A p‘ in the turbulent zone decreases , Slightly and

gradually approaches a asymptotic value for fully developed
turbulent pipe flow.

EQUIVALENT FRICTIONAL LENGTH OF CONTRACTED SECTION:

By the equivalent frictional length ’Leq’ of
the contraction section, we mean that frictions length of
the straight tube of diameter of which, if placed before
the actual length of ceylindrical tube of length L, will
lead to a discharge coefficlient indenticel with the dische
argémg dbefficient produced by a actual combinationof
bell mouth and the cylindrical section,

PROCEDURE TO FIND Leg.$

1., DBoundary layer theory 1s applied t determine the
boundary layer proper ties at section L any from equation

21 the discharge coefficient .Cp »

2. Inserting the latter in equation 22, the value of f.App
L*/d 1is computed.

3. From Fig, 31, the value of L’/d may be found.
4, By substraction of L/d4, the value of Leq/d is compubted.

SPECIRIC COMIOUR CHOSEN FOR STUDY s
| The equivalent length of cont raction depends both
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ofa the shape of the contraction and on the diameter r
Reynold*s number (Re)d. The results obtained are for
standard ASME elliptic contour shown in Fig, 33,

Since the contour of Fig, 33 1s not very different
from that used for other flow nozzles and venturis, and in
as much as the coefficient of discharge does not usually
depend decissively on the equivalent length of the contrac-
tion, the equivalent length found from the contour of Fig,33,

may o ffer with Lit¥Yéc error be used for contraction contoursl

For our present purpose the significant result of
the potential flow solution is the velocity distri bution
‘at the wall shown in Fig, 34 in dimensionless terms, The
description for the solution of equivalent léngth with the
help of potential flow solution and boundary layer flow
solution is not given hers, The reference for émvh proce-
dure is (17). The fesults of these calculations are,‘presen- ,
ted in Flg, 36 where Leq/d is plotted against (Re)d for the
- 8th appro:d.matioh « The equivalent length decreases for a
 value of about 0.56 at (Re)d 196‘ to value of 0.25 at (Re)d
= 1000, |

RISCUSSION OF VARIABLES:
Shape of Contours

The contour of the contraction section influences

the equivalent length of the latter. Mst important, how-
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on the contour dotormines whether the flow in the nozzle
is laminar or turbulent and whether the flow is fully
aﬁtached a separated. .If the wall pressure fell mono-
tonically, then'there eould be no boundary layer separation |
and in addition, boundary layer will be entibely (a minor
in the'flow' nozzle except at avery high Reynold’ number when
the adverse pressure gradient , which is almost inevitably
present is sufficiently large, however, there may he bound=-
2TV layer separation, there majr be tranition to turbulence
of theye may be both, Falthfuly production of the pres-
cribed contour is essential, otherwlse the adverse pressure.
gradient might inadvertently be accentwated, leading possi-
bly to boundary layers transition end a redial chenge in
discharge f:oefﬂcient. ‘ |

POSITION OF DOWN STREAM TAP s

- It would seem desirable to place the downstream
static tap in a region where the streax;x lines no longer
have curvature, According to fig, 34, This sets the mini-
 pum value of L/4 at about 1/4 . In aadition, there should
be about 1/4 diameter of stralght section downstream the
static tap ., Accurate location of pressure tap is very ime

portant, For a change in value of L/4, the coefficient of
discharge is also changed.

ROUGHNESS OR INITIAL TURBULENC E:

Either wall roughness or initial turbulence vill
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decrease the value of (Re)d at which point a lamlnar transi-
tion!mQVes into the flow nozzle, Either of these occurences,
by changing the friction factor, would alter the discharge
coefficient,

Examination of the equation 20 shows that the accu~
L/d4, the term computed by flow |
it

racy required in 4 fﬂ_pp

theoz'y, depends to a large extent to the value of CD’

an error of less than one percent im G is required, and
the value of Cp is 0.9 , the error which can be tolerated

in 4 prp L/& 1is 11 percent and in Leq 22 percent.

These considerations suggest that the calculations
should be particularly accurate and the effect of minor
changes in contour and initial boundary layer 1is very
small when
1, the value of (L'/d) / (Re)dvis small,

2. the value of L’ is large compared to Leq.

Obviously ri;eigher of these applies beyond the point where
the transitiron to a turbulent boundary layer might begin.
If congitions 1 and 2 are met, then 1t also follows that -
the curve of Fig, 35 can be used to prediet discharge
coefficient for other contours with excellent accuracy
provided transition doss not eceur, |

USE OF ABO/E THEORY FOR SOLULION OF DISCHAH}E COEFFIC IENTS
IN EXPERIMENTAL SET UPS MNo, 1 and No, 2.
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Experiment Set Up No, 1.

It 1 seen from Fig, 13 that the length of the
eylindrical portion after contraction upto the low pressure
tap 2 1is 6". and the dlameter of the throat gection 4
1s 94" ., Hence L/d = 6/9%1 = 0.65. Hgnece gince L/4 ratio
{8 nearly % , the above analysils is _applicable and the

boundary layer flow may be asstimed laminar.

The length of the cylindrical gection beyond the
pressure tap position is nearly 2 inches. ©So L/d ratio
beyond low pressure tap is 2/925 and 1t 1s nearly equal to
+

The maximum Reynolds number (Re0D in the working
range ims found to be nearly 6,25 x m5 and correspondingly
the throat dismeter Reynold’s number (Re)d is nearly 9.3 x
ms. M™-1s number is obtailned by assuming the coefficlent
of discharge to bé unity. Hence in the working rahge of
the meter the Reynolds nﬁmber cannotv exceed thin value,

It 15. seen thati this value is less than 106 vhich sets a
limit 'for' the ap'plication of the above theory,

From the above considerations it is quite evident
that the theoretical analysis can be Very convenlently used

to obtain the discharge coefficlient for edperimental setup
No. 1.
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EXPEZRIMENTAL SET UP No, 2.

Let us now see whether the above theoretical
analysis will hold good for experiment No. 2 . It will be
seen from diagram 20 that the L/d ratio before the low
pressure tap 2 is nearly & and the L/d ratio down stream
the tap is nearly # Again the maximum Reynolds number
(Re)}d is nearly 4 x lbs and this is much less than the
limlt of me, Hence from the above consideration the floy
theory discussed will apply without any doubt,

PROCEDURE FOR CALCULATING DISCHARGE COEFFICIENTS:

It really becomes a difficult affair to predict
discharge coafficient of the meter when it is not possible
to measure the discharge directly., Bacause the coefficient
of discharge varles more or less with thecharacteristic
dimensionless factor called Reynolds number which is
dependent on the qﬁantity of flow. Due teo this interconne.
ecting relationship of both the unknown quantities that a
dial and error method using secessive approximation is
applied. The procedure folldowed is as given below 3

1. First of all 1t is assumed that the discharge coefficient
obtained

is unity and the velocity Vy, 1s/33® from Equation 2.
From this the Reynolds number (Re)d is calculated.

2, Since the flow theory for rounded 4ntrance flow meters,

can be applied in this case Fig, 35 1im then used and

corresponding to (Re)d as found in st A
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Leq/d is read and from that Leq is found out,

3, To this value of Leq, the value of the length of the
cylindrical portion is added and total equivalent length

L' 1s found out,

4, The vé.lilé of I.' found out above corresponds to the throat
diameter d4£. Thg frictional head loss corresponding to

the equivalént length L' and diameter &#f d is the loss
between the high and low pressure taps., Since the measure-
ment of frictional head loss 1s done on the upstream side
where the diameter is D, 1t is now essential to find the
equivalent length L, for the pipe of diameter D such that

the head loss in botk the ¢ases remains constant,

5. Head loss in the ¢ylindrical section of diameter d is
given by

s, 0
hf ) 2 g4,
and the head loss due to friction in pipe of dlametef D is
' 4 f Iy V? -
fe T 2 gD

in order that the head loss be same, equating
both we get '

(23)
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6, The values of f, and f, depend on (Re)d and (Re)D

respectively. Hence with the values of Reynolds number

obt ained earlier,' these values are read from Fig, 36,

Note on Figure 36: The valuesof friction factor obtained

from figure 36 corresponds to‘ four times the values of
used in the above squations, | For turbuleht flow a simple
mathematical relation does not exist for the variation of
the friction factor with Reynolds number. The condition of
the pipe wails, a difficult thing to estimate with reasonabl
accuracy,‘ causes complex degrees of turbulence and different
values of £ for the same Reynolds number., For various types
and conditions of pipes the friction factor £ c¢an be

axprassed as
a

(Ra)®

where a and b are numerical constants,

However, in calculations, values of f are usually selected
from a set of curves as shown in Fig, 36, The accuracy of
pipé friction éalculationé is decreased by unpredictable
changéé in these roughness factors. Hence the general
average values shown in Fig., 36 are considered of satisfac.
tory ac curaLcy. The values of f are taken from curve ¢

of Fig., 36 for commercial pipes.

7. When the equivalent length I'l is calculated from

W
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equation 23, the head loss corresponding to this length
is calculated from the column 3 Table 1 of Appendix for the
experimental set up No. 1 and from the column 4 Table 2 of

Appendix.

g, After getting the head lost in the meter, the discharge
coefficient is obtained from

h =« hy %
CD = (—- e | (24)

9, But this is not the correct value f coefficient of
discharge, because we have assumed the Reyno lds numbers
corresponding to mo friction conditions which are higher
than the real conditions. Hence, agaln this value of Cp

as obtained from equation 24 is put in equation 2 and the
simllar steps are followed as mentioned above, Ihis process
can be repeated till the convergence in the value of Cp 1is
obtained, For the present tase three successive calculam

tions give quite satisfactory results.

EVALUATION OF VARLABLES

Before a flow equation can be applied to a specific
metering problem, each of its variable terms musi be evalua~
ted. The basic field data that are necessary are given

belows

Installation Detallss

1. Make of flow meters and principle of operation,
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2, Maximum differential range of meter.

3. Iype and exact location of pressure taps.
4, Position of pressure tap at which statle pressure is
measured,

5. Internal diameter of the pipe D.
6. Throat diameter d.
7 Sloping of meter comecting lines.

8, Nature of internal surface,

OPERATING CONDITIONS:

1. Temperature of the flowing fluid.
2, = Temperature of meter fluid and sealing fluids,
3. Barometer pressure.

PHYSICAL PROPERTIES:

1. Specific gravity for manometer and seali.ng fluids,
2, Viscosity at operating temperature.

CONDITIONS AND FACTORS WHICH AFFECT THE SOLUTION OF

It the meter under consideration is designed for a
particular condition, but it operates undér a condition
far away from the designed condltions, then it will not
give the same results, The factors which bring such
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troubles are primarily temperature and meter metal, Hence |
in order to acc;ammoda.te such ingvitable changes 2 multiply-
ing factor called Meter area multiplier is used in the
flow equation, Under normal operating conditions it is not

required.

DISCHARGE COBFFICLENT Cr

The discharge coefficient 18 a function of

1. Iocation of pressure taps.

2, Diameter ratio B = d/D

3. Pipe size D,

4, Reynolds number (Re)D which depends on pipe diameter
D, flow rate W and viscosity M

5. Viscosity depends on flow temperature and nature
of fluid.

EXPANSION_FACTOR:

In owr case 1t is unity, because we face water as
incompressible at ordinary temperature., However, ‘v;here
the flow temperature and pressure are relatively high with
respect to the critical temperature and pressure, the liquid'

becomes significantly compressible, Gas-ey(as)

cites an
example of the metering of 1iquid propane (at 1800 psi a
and 160°‘F ) in which fallure to correct for compressibility
would have resulted in a caleculated flow 8.8 percent lower

than the actual flow, For gas flow measurement it is an
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important factor, It is a function of

a. ILocation of pressure taps.

be Flow pressure,

c. Differential pressure,

d. Diameter ratio

e, Specific heat ratio k which depend on

1) Flow temperature,

$1) Nature of fluid,

FLULD DENSITY

It depends on flow temperature, Flow pressure and
Nature of fluid,

In the present cases of experiments the density of
3 oF
water is taken as 63,25 1b/ft at 7¢ o

TOLERANCES FOR FLOW CAICULATIONSs

No two meters can be expected to give exactly the
same readings for identical flow rates because of unavoi-
dable miner differences in construction and operation of

the equipment,

In order to show the probable nagnitude of these
differences for well establishel meters, the limits of
errors or tolerances of the various factors entering into

the measurement of flow rates are given below “3).

Fa.ctors | | | Tolerance Qualiﬁcations.'
Qgrcan P )

Di ffarenti al pressure ¥ 2 to & p,2 Decreasing as
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di fferential pressure

inc¢reases.
statie pressure ¥ 2 tof 0,2 Decreasing as pressure
| _ increases.
Fluld temperature = + 0,5
Diameter of Throat S 0.1
Fluid density I o0.1to? 0.2 Extept near criti-‘-‘

cal region,

Thesve tolerances do no: include accidental and systematic
errors of observations, They give either 1, the most pro-
bable differeﬁfe that could be eXpectedv batween obsensibly
duplicate insﬁallations or 2, the probable accuracy of a
particular set of data.

Since there is a slight probability that the
tolerance of each factor will affect the final result in
the same direction, the overall tolerance ean be calculated
by the law of Combining Errors (1.e. multiply each tolerance
by the power to which the factor it represents enter into
the flow equafion. Ihen take the square root of the sum
of the Sqﬁares of the each factor). By thils means the
most porbable departure from 100 percent accuraty can be
predicted, although in certain cases the actual error

may be smaller or greater,
’

TOLERANCE FOR COEFFICIENT OF DISCHARGE:

In order t predict the tolerance of CD a large
number of different dlameter pipes are required and the
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———tolopanco is equal to one percent for orifices and

meters to bo used with them should have same arsa ratio

m. Since these meters are not avallable, estperimental
results are not possible, But a theoretical conglderation
for 1t seems to be necessary, because thetolerance figure
for a single meter installation gives the meter user a
Jittle idea as to how: it will operate and with what

accuracy.

According to Dr, Witte, the basic tolerance T

CD is calculated in the following manner(%).

For a given value of area ratio ‘m* the coefficient
of discharge coefficlents were obtalned as function of
Beynalas number for several serles of tests, each series
corresponding to a given plpe diameter., A average curve
was drawn for each series of tests, thus compensating accli-
dental errors. For all nmormal curves, & normal curve was
obtained, valid for the given value of 'm’* and all die
meters, The tolerance was taken equal two twice the standaq
rd deviation. It seems to be general consensus that the
*tolerance’ defined as twice the standard deviation is acce
eptidle both to the manufacturer and to user of flow metery
ing devices, It should not be forgotten that the statisti-
cal analysis should include only tests made on equipment
constructed and installed in accordance with modern gtand~

ba!'dS.

Bt relatively large BReynolds number, the basie




70e...

varles from 1 to 1.8 percent (higher figures being for

larger values of area ratiom) for flow nozzles,

For Herschel type venturi tube, the tolerance for
coefficient of discharge 1s 0.75 percent for pipe diameters
between 4 in to 32 in and Reynolds number (Re)D above
200,000, |

INFLURNCE OF FACTORS ON COEFFICIENT OF DISCHARGR:

Coefficient of discharge is function of

1.~Externa1 factorss of, = entry velocity, distribution,
dependent on installation pipe
roughness,
2. Internal factors - m meter gecmetry, construction
ratio,

Ky, Entry losses (shape, rough

ness ete,).
O(,_ throat velocity distribue
tion, (shape and area ratié

m).

Variation of Cp by external effects ( ) -

The coefficient &, depends on the velocity dis-
tribution at inlet to the meter, which is govemmed by the

flow condit tions upstream in the main pipe. In practice,

the effect of upstream bends , valves, transitions etc.,




71,

upon the velocity distribution, will have to be allowed for
and ihis i}sk' usﬁally best done empirically. Some times the
er.ror caused by such ﬁttiﬁgs are as much as 5% if the
contraction ratio 'm’ is large. The turbulent velocity
distribution and hence O are functions of the friction
coefficient A (4 f) Typical velocity distributions are
shown in Flg, 37 for various values of A ., It will be
seen in Fig, 38 that &, increases with A approximately
1inearly, o |

Because A is a functidn of either <(Re)D or E/D
for smooth and rough turbulent flow regimes respec tively,
alternative scales of (Re)D and € /D nave been added in
Fig. 38, For normal range of (Re}D and roughness ratios
encountered in practice X lles between 0.91 and 0.4 with
corresponding values of o ranging from 1.03 to 1.1l as
€/n increases, hence CD increases, Thus roughening
the upstresm piping increases Cp at first sight a rather

paradoxical finding but neve theless borne out in practice.

Va.riation of CD caused by intermal effects s

It is found that the changes in Cp ¢aused by
v ' - ' ' 2
varlation in ’m* should be very small (because 1~ Cp= 0)

This explaing why it is usually possible to manufacture
meters to within ¢lose limits on *m* that associated

errors in CD . are negligible.
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Provided m s small (  0.3) and the nozzle
18 smoothly faired into the throat, the practical value of

is very ¢lose to 2.

Predic}t'io'n' of Ky, for ventixri - It is sum of

ae Cylindgteal pipe diameter D, length D/2,
b. Conical tapering from D to d,
c, Cylindrical pipe, dlameter 4, Length a/2,

It is aifficult to caleulate accurately the
losses in parts (8) and (¢) , If the total
head lost 1s written as Ef

. - 2
or Z)\AXU “m, - X %

i 29d £ a 2
_ . |
. f ,
Vg /Zg _

‘ 8imilar result can be obtained by dimensional
analysis, Thigs assumes that the frietion and Kinetic |

| éﬁarg‘y 1osses can be included under friction eoefficlent

N . By analogy with pipe flow it would be expected that

| KL and therefore C, both vafy with (Re)d  and rough-

ness ratio (—fal’i) where € denotes the effective

roughness of the meter,

Variation of Cp; with Roughmess and Timet

Although the 'internal’ and external effects of
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roughnning act in opposite directions, the latter is
usually negligiblb compared to the former and $o the net
result in practice is usually that Cp decreases with time.

Cole brook and White have shown that the increase
ing surface roughness of water pipes caused by the deposi-
tion of 1tme or other nodules can be represented by an

emplrical formula,

€T.-z 60 + )T

Where Yy is a constant depending on material and PH value
of water, Y = 0.025 in/annum for the roughening of cast
Lron pipes in water of average alkalinity (pH = 7).

RELATIVE INFLUGNCE OF P4CTORS INCLIDEICING C (4.

D

Considering the variation of Cp with the factors

in equation

F /—
)Xot Ko om 2,

CD = )

and differentiating together with the approximation that

CD - 1 gives | -
d<p _ Cp? ..'17_‘} — '!i. __r_n__L — O
{
dCo mcCop o e \zo
-_— — _—g (g O ¥
B‘-n poud t....m'\—C‘ 'CD) m"< \ )Z :

Usually o} C p-e b




Dco _ __CDB.-l—— ~ _1 o < O
S Ky 27 i-m* Y-t
BCD - - C:D’3 ___'___ ~— _,_.l. __l_. —-— O
dAr o =mE T —me
C ONCLUSION: ' o

Hence as O, increases Cj decreases uneven

veloci ty dlstribution increases CD

as m increases CD inc reases (effect is amall).

ag KL " " dec reases (increasing nozzle loss
dec reases CD )

as 0( - " " decreases (uneven velocity distri-
but ion decreases Cyp )

$b¢ mirimise all these offects m should be.
less than 0.3

Comparing the relative importance of various

effects, denoted by E with appropriate subscript

T
= T (1-dicpt)
Exy ‘ 1 |
EA, i mt
Eov _ 1
For m = 0,25 , O(} can bie between 1,02 to 1,04
)

0.975 to 0.990 dependirg on size and (Re)D

Hence

E
“'Oo 16 <m21—-u— é + 0. 16

EA
E
KB, _ EBdr _ g
Ept————Eott
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Thus 1t is seen that the effect of m 1s less than
<, s which is in its turn 1s much less than the effects
of K, and O, (vhich are 16 times «; , and in the oppo-
site direction).

The atove consideration gives us an insight as to
why the coefficient of discﬂnhzge dec reages in case of Dall
Flow Tube, Bacause in this case the velocity distribution
at section 2 1s very much peaky as compared to velocity
distribution of the venturi meters at the section 2,

DIFFUSER:

Te conlcal diffuser 13 the characteristic part
of all differential pressure flow measuring devices (exc ept
pltot tube). It sllowa a substantial part of the difference
pressure to be regained. In thefirst ven’suri_tubes built
according to specification given by Herschel, the angle
of opembng of diffuser was 5 to 7° . This small value
led to failrly long devices. The choice of small value was
Justified by the necessity of maintaining low pressure loss.
Thege losses are ‘primarily due to eddies that are created

when the flow separates from the wall of the diffuser.

A few years before the war, German manufacturers
suggzested cutting the diffuser at a downstream diameter
smallet than the dlameter of the pipe (truncated) Beckmann
has shown that such a truncated di ffuser may allow the
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same amount of recuperation as a non truncated type., This

is also confirmed by some of Rupel’s experimemts. The
truncated diffuser, of course, is more advantageous both
for space and econony . ‘he length of standard truncated

diffuser may not be smaller than the throat diameter 4.
CONCLUSION:

From the above considerations it is clear that
the pressure recovery is not affected muh by truncating
the diffuser cone., This truncating which is algo used in
Dall Flow Tubes is not a new idea due to Dall as this was
known before, Hsnce the high pressure recovery in the Dall
tube is quite evident,

THE RATING OF DIFFUsERs (¥

The rating of various diffusers is largely dependent
on the residual pressure loss, I; Germany a differential
pressure is measured between plezometer openings ¥kit situated
at a distarce D upstream and a distance of 6, 7 or 4 times
D downstream from downstream standardized pressure connection
form = 0.1, 0,25, 0,5 respectively for truncated
venturi’s and D down stream for non truncated venturis,

The ratio of differential pressure thus obtained to the
differential pressure between the two standardised connec-
tions is conveniently , falled *ratlo of permanent loss’.

It seems more rationzl to adopt the method recommended by
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Marchetti anmi Ferroglio. The pressure difference is
measured batween a section gituated upstream and a section "
downst ream vfrom the venturli, These sections are chosen

far away from the device so that its disturbing influence
is not felt and normal flow conditions may be expected to
~prevail, From this dilfferential pressure is substracted
the pressurs 1.cass in a pipe of diameter D and length equal
to distance between two sections, The difference is called
the ’local venturi loss® K", This loss 1s generally expre-
gssed, not in absolute valua, but by its ratio to the d4iff-

erential pressmre h of the venturi as h*/h ,

The venturl pressure loss is a function of

Reynold’s number; according to Marchetti its value is

' 2
[ 0.052 - 0.25 m° + 7 (1/m2~1)---§-
(Ra) D |

for diffesers of 7° opening and non truncated type. For
truncated ones, the recommendations of Helsinki give
Figure 39 (function of m),

SUMMARK.:

The experimental evidences which have been

established for diffuser are amtlined below:

1. The minimum percent head loss for recover cones
in venturi meters depends on both the cone angle and the

patio of the cone entrance dlameter to exit diameter (2).
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2. Truncating conical diffuser may result in inc'reaseﬁl
or decreased percentage head loss dependent upon the cone
angle, the prospects for decreased loss seeming to be

greate: at larger values of cone angles,

3. For a certain length of recovery cones including
truncated cones, there is a certain cone angla that will

give minimum percentage head loss,

4, | mf‘fuser of curved walls instead of cones, bent
of the same length, can be ax;:eched to give different

percentage head loss,

5, Unmachined cast cones may in the vieinity of 80
total cone angle, be expected to give but a slightly higher
percentage loss than smooth s urface rolled steel cones

of the same total length,

6. "~ Grease on the Wwalls of the certain recovaery cones

tends to increase the percentage head loss,

7 Fig. 40 shows the effect of recovery cone angle
on percent age head loss, It will be seen from the figure
that for lowér ‘Qalu&s of B the percentage head loss

increases mdre rapidly for increase in the value of cone

angle,

EFFECT OF ROUNDING SHARD EDGES OF DALL FLOW T UB=s

Tests were made to determine the effocts of roundirﬁ
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(4)
the sharp edges in a Dall Flow tube « 4An 8 in x 5,85"

tube was used for the test. First the tubs was calibrated;
as manufactured. Following thls test, sharp edge at a Fig,
3 was slightly reunded with emery cloth. Ihe coefficient
dropped 0.4 percent, Sharp edge et ¢ at the leading edge
of the throat slot was next slightly rounded. There was
no fﬁrther change in the calibration , Tthe edge at the
downstream, side of the slot was then slightly rounded and
again . there was no further change in the calibration,

In vhew of the small change affected by imparting a |
slight radlus to three sharp edges, edge a was machined
to 1/16 inch radius. The coefficient dropped by one percent
below its original value (0.6 percent more drop than for
slight rounding) 4 1/64 in radius was then machined at
edge ¢, and the coefficient increased 0.4% making it

0.6% lower than the originally, Finally, a 1/64 inch,
radius was machined on edge ¥ d and the coefficient rem-

alned 0.6 percent below its original value when all edges

are sharp.

CONCLUSIONs

The rounding of sharp edge at a helps the velocity
distribution to be smooth and hence the valus of O
decreases, The decrease of value of X, necessitates
increase in the value of CD but there is increase in the

value of KL due to boundary layer growth, Since the effect
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Ky 1is more promnen than the effect of o), , the value j
of Cp dedireases finally, The fact becomes more prominent
when the edge is machined to 1/16 in. radius. The
rounding off of edges b, 4 and e do not change the
coefficlent of dlscharge. The rounding off of edge ¢ inc
reases the coefficient discharge which in otherwards means

‘that the value of is decreased,

SUMMARY OF CHAPTER _IIL,

1. The theory of rounded entrarmce flow meters is used to
calibrate the short venturis installed in the senior
Hydraulic Laboratory., It has been shown that this
theory is rully applicable in the present ¢ase.

2. The steps for caleculation of coefficlent of discharge
are given and this method of caleulation involves successive
appToximation X fhivs method is adopted because it is not
possible to have direct measurement of discharge as has

been already stated.

3. T,he valvuesv of friction factors which have been taken
| from reference 16 are qﬁite satisfactory, Because the
values of friction fa tors cbtained after caleulations com
pare favourably with those taken from Flg, 36, This glves
an indirect indication that'the theoretical and experimental

investigations agree to a great extent.

G277 6
ATRAL LIBRARY UNIVERSITY OF ROGMKE+
ROORKEE,
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4. The different variables that enter into the flow cal-

culations have been outlined. It will be seen that the

downstream low pressure tap conditions have got more effect

than others,

5. The variations of co-efficient of discharge have been
discussed . It is been that the effect of velocity dis-
tribution on low pressure tap sectibn has not more effact
than the effect of velocity varlation of upstream press=
ure tap sections. Hence in the case of Dall flow tube,
due to the presence of slot in the throat section and having
no cylindrical th:oat section, the Veloclty distribution
is quite pesky and hence the coefﬂcieﬁt of discharge

15 low as is seen from experiments of Chapter II,

6. Choice of diffuser plays a vital role in getting favour-
able press-ure recovery., For a particular area ratio m,
there is a particular opening which will give minlmum

pressure loss.

7. Truncating the d4iffuser cone also increases pressure
recovery and hence this fact is utiliged in Dall Flow
“ube, Moreover for a smaller values of area ratlo m,
the change in coné angle results in a greater change in

the pressure recovery as is seen from Fig. 40,

wiOtm
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CHAPTER IV,

C OMPARATIVE STUDY OF DIFFERENT DIFFERENTIAL PRESSURE FLOW -
METERS WITH DALL FLOW TUBE,

INIRODICTIONs

In this Chapter the essential difference in featurés
of different types of differential pressure flow measuring
devices are outlined, A brief discussion over calibration
curves of different types of flow meters are examined and
the possible explanations for their di fferencte also oute
lined . Then a comparision on the basis of head loss
¢haracteristics of these meters is also given, Because this
fact 1s of some importance to meter users, & full discuss-
lon over it is given. Then the advantages and disadvantages
of these meters are shown, It is a concern primarily of
meter manufacturers, because if any meter is more advant a-
geous to the meter user, it will have better market and
the manufacturer makes a profit, Since the disc¢ussion
regarding the use of the meters ig given fully 4in gsome
test hooks on fluid meters, only a brief outline of
it is given hare.

(1)
8ssential Difference Between Dall Tube and Classical Venturi

1, The steepnéss of both the converging cone and of the
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diverging cone or pregsure recovaery cone is different,
The Dall flow tube has an included angle of appropimately
40° and the later an included angle of approximately 15°,

2. The presence of a dam at Fig. 3 and the Characteristic
location of the pressure connection, similar to the type

commonly used in Europe and known as corner tapes,

8. The presence of a sharp edges at slots instead
of any smooth curve in the Dall Flow tube is also a charac-

teristic feaute as against long venturi meter.

4. The sharp edge slot at the throat at which down stream

pressure connection is there in the former.

5. The sudden enlargement by truncating the recovery
cones & compact instrument is obtained , the length of
thew ole device being of the order of two diameters only.

Ca Ll BRATION CURVES:

It 18 seen from the Chapter II that the coefficient
of discharge of short venturis having rounded entrance cones;
is very high., This is due %0 low loss in the converging

¢one as has been already des¢ribed in Chapter I1I,

The calibration curve of Dall Flow Tube resembles
more like the calibration curve of orifice meter. 4 repre-

sentative callbration curve of orifice meter iz shown in

the Flg, 41, The calibration curve for Dall Flow tube
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of experimental set up no, 3 is also simllar with the
exception that there is no hump in this cumrve. Becauge
this meter is designed sucth that under normal operating
conditions the Reynold's number are quite high and calibr-
atlion curve remaing flat during that range., Below a ¢riti-
¢al Reynolds’ number, thetoefficient of discharge increa.ses
as is expected. This eritical Reynold’s number for eXpo-
riment No, 3 is nearly 8.5 x ]Dé. Below this value the |
coefficient of discharge increases ang hump portion of the

curve is expected,

For the experiment no. 4 the calibration curve
Fig. 28 shows perfect resemblance to Fig, 41 of orifice
mete;- calibration curve, The Reynolds number below which
the coefficiont of discharge becomes variable ig nearly

4 _
1.3 10 and beyond this the norma}l working range exists,

EXPLANATION FOR HUMP PORTION OF THE CALIBRATION CURVE:

From the curves Fig, 41 and Fig, 28 it will be
Seen that below the eritical value of Reynold’s number,
the discharge coefficient rises as the value of Reynolds
number decreases, reaches a maximum value and then dec reases
rapidly, so that hump results in a coefficient of discharge,
For orifice plate, the height of hump 1g related to the
value of B ( the dliameter ratio) and increases as /3 1is

incroased there is to say an increase in the throat bore

Tesults in the increase in height of the hump, The reason
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for hump 1s explained by an analysis of the various factors
which determine the value o f Coefficient of discharge. For
the orifice plate, these factors are the expansion of the
jet on the downstreamside of the orifice plate due to the
reduction in the momentum of the fluid after it has passed
through the plate, Eheki;:banga in the velocity distribution,
the viscous shear forces in the fluid tending to suppress
eddies on the downstream side of the orifice plate, This
last effect is due L2 predominating effect of viscosity

at very low Reynolds number., Below the ¢ritical value of
Raynolds number the expansion of the jet of fluid and the
alteration 1n the velocity distribution both reduce the
differential head and hente the value of discharge co=
efficient increases. OUn the other hand the viscous forces
tond to mincrease the differential head and therefore
reduce the coefficient of discharge. But the effect of
v;scous force is less than the effect of expinsion of jet

~ and the velocity distribution and the comblned result is
that the co-aefficient of discharge increases. In addition
when the orifice plate has a large bore, owing to the
parabolic nature of velocity distribution less force is
required to accelerate the Jjet of fluid through the bore
and a larger increase in the discharge coefficient is obtai-
ned then with small orifice bores. In all cases the coe-
fficient of contraction of the jet will be less than in the
turbulent flow region, For very low Reynolds numbers the

viscous forces predominate and hence there 1s a tendency
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for the differential head to be increased. This reduces
the discharge coefficient.

For venturimeters véry low Reynolds number are
not obtained in the present experiments but it has been
seen that at very high value of 4B , there is a tendency
of a hump to be produced in the 'mixed’ flow region i.e{
in the region mjust below the eritical value of Reynolds
number (Fig. 41). This hump 1s due to predominating
effect of alteration in the velocity aistribution. It
will be well apprecisted that the jet 1s wunable to expand,
as 1t 1s confined by the walls of the tube.

For Dall tubes and Dall orifices the hump in the
discharge »ééeff‘ic ient curves at low Reynolds numbefs is due
to reduction in the additional di fferential head resulting
from the s_traamlined curvature at the throat, The change
in valug of discharge coefficient 1s more pronounced for

larger value of

The relationship between the discharge coefficlent|
and Reynolds number in ca.se of Dullorifices is similar to
Dall tubes, but the difference is that in the case of
Dall orifices the discharge coerﬁcient is appreciable
higher in the reglon of low value of diameter ratio j .

The discharge coefficient of Dall orifice lles Dbetween
0.6 and 0.8. |
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In the case of Double throat venturi tube the
discharge coefficient is low., DBgtause the parallel stream
lines in the first throat are given a curvature in the
second contraction as shown in figure, which lowers the pre-
ssure measured in the second throat. The discharge coeffi-
cient of nozzle type differential pressure producing appro-
ximates to that of a standard venturl tube., Bscause the |
entrance portion is similar to' the venturi meter. In the
nozzle there 1is no " recocery coné‘ as in the venturimeter
but because thers 1s practically no effect on discharge
coefficient que t0 retovery cone, the discharge coefficient
of nozzle approximates to that of venturi tubs. Test result?
shoy little dif_ference in discharge coefficient for the

varicus shapes of nozzles,

It has been stated (5) as or;e of weaknesses of
Dall Flow tubes that the discharge coefficient starts vary
at a higher Reynolds number as ¢ompared so that of venturi
meters. For Dall flow tubes, the critical value being
given as 2 x ms and‘ for venturi meters it is 4 x ']04
Butv ftom the prevsamm'v expérimens No. 38 and No. 4 it will
be seen that the crlticai Re;molds-number is much less than
2 x 105. In case of Experimert .no. 31t is 3.5 x 104 and
in case of experiment no, 4 it 1s 1.8 x :loénearly » This
means that ths coefficient discharge variation for Dall tubsp
1s at less critical Reynolds number than the venturimeter

case,
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In order to get a curve relating the coefficiant
of discharge of Dall tube and the diamater ratio, a
number of test pieces are requires, But this is not avai
lable at. present case to establish such a curve., However
a representative curve is given in g, 42, It will be
seen from the above curve that as diameter ratio increases,

the coefficient of discharge decreases.,

Similarly in Fig, 43 it is shown that as the dia-
meter ratic increases the ratio of Dall Flow Tube differen-

tial to venturi tube differential inc¢resase,

HEAD LOSS COMPARISION:

In fluiq mete:ing.problpma accuracy and reliability
of fluid measurement are important factors, Bssides then
the other important factors which warrants eonsideration is
the head loss in the matter , In cases where fluid is being
discharged under gravity, 1t may not be a vital factor to
be considered, but in cases where fluid is to be deliVareQ
against gravity or to a destination where pressure of fluld |
~ plays a vital role, the pressure loss in the meter is to
considered fully, Becauge 1if pressure loss in measuring
device will be more, then the power required to deliver

the fluid becomes more and finally it becomes uneconomical,

4s 8 rule, in order to odtain lower pressure loss

additionul =} eapital expenditureis required; as the
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differential pressure producing device is more costly thus |
the orifice plate form of detecting element is the least
expensive but produces the greatest head loss, while the
venturi tube with its conical downstream section, costs forj-
more but saves energy other factors being equal before
deciding on the form of differential pressure producing
device to install, on the basis of ave~rage working
conditions, the continuous expense caused by the loss
through the various devices available should be @apitalised
thus obtaining a gulide as to whather the extra cost of
‘low pressure loss device is warranted. In many instances
it will be found that, when dealing with large volumses of
even lov pressure gas, a simple orifice plate is more exp-
ensive in the long run than a device designesd t recover
some of the 4l fferential pressure produced since the ﬁarmer.

calls for additional power requirements,

From the Chapter II it is seen that for short
venturls the pressure loss is less at small dlameter ratio,
This fact can be well verifi d from Fig, 44, More over the
pressure loss in the Dal Tuhés, Gould be expected to be low
but due to reasons already stated, they'are 1ittle high,
The follow ng discussion gives a ¢lear picture of the head

loss conditions for different meters.

Fig, 44 shows the head loss through a Dall flow
tube expressed in percentage of differential pressure

evolved ., For the purpose of comparision , the head
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losses for short form Herschel typ venturi fubes are of lon

LT

fio rm Herschal_type vari,.tion tubes have been included in
the same figure, These Curves are plotted against dia.
meter ratios B The dotted curve shows the percentage
head loss through a Dall flow tube which produces the same
differential as a venturl tube with a dlameter ratio indi- :
catdbdf  in horizontal scale. The head loss figures given
in figure 44 indicate the loss aaused by the differential
prodwel when 1t is followed by a sufficlent straight
pipe to provigde ‘full‘ re‘covery., This is about 5 diamet ers,
In other words, the loss ig the increas: in pressure drop
which would occur bétween the ends of a straight piece

of the pipe if the pipe were cut into two, the pieces
separated, and the metering device ingerted betwaen them,
For the Dall flow Tube this 1loss was determined by measur-
ing a‘pressure_drqp between a tap 1 diameter upstream and

a tap § dlameters downstream of the diff_erential producer

and rubstracting ﬁhe'loss in a plece of pie 6 diameters

long . This pipe loss was determined by test., The inereaseli
loss caused by inserting a differential p‘roducezﬂ' in a |
section of pipe by removing a section of the pipe ang |
insertinglmeasuring device without separating the remaine
ing pipe sections (as would normally be done in an exist-
ing piping sysfem) is less. 1In the case of the Boll Flow
Tube the difference is substantial,




21.

Fig, 45 shows the ratio of head loss in Dall
Flow Tube to head loss in Herschel type venturi meter (at
Reynolds z;umber greater than 350,000 where the ratio becomes

constant),

1t will be noted from Figure 44 that the head
loss of the Dall Flow tube varies from about 0.5 %o 1.3 timep
the head loss in a venturl tube of a corresponding
di ameter ratio 3 . In other wards, part of the phenomenal
performance of the Dall Flow Tube is dependent on the
increase in differential. However, thehead loss even with
a given B s is less for the Dall flow tube when thse
diameter ratio is greater than 0,582,

INVESTIGATING HEAD LOSS IN DaLL FLOW TUBE:

Some investigations has been made, and it
sheds considerable light on the reason for the high
dl fferential, but 1t does not indicate why the head loss
1s lower than that for a venturl tube of the same dlameter
ratio. provided that this ratic is above 0,552, A test
probs was used to explame the variation in static pressur e
in the plane of the throat slot of 6 in, Dall flow tube
with 0,354 /3 ratio, 4 U.tube manometer was connected %o
the test pr-be and to the inlet tap of the Dall Flow Tube.
The probe was moved across a diameter in the plane of the
throat gslot, The probe was fitted with a slot in the
side and was kept f;arallel to the axils of the Dall flow
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tube since 1t was desired to pick up the approximate static

pressure rather than an impact pressure.

Fig, 46 shows the ratio between the manometer
indication with the probe in vsrious positions and the
dai fferentia). pressure when the probe was on the axis
of the tube, It will noticed that the static pressure
deCreases to provide 2.4 times as much as differential at
the wall as at the centre the Dall Flow Tube . Further
investigation 1is necessary to find out more about thig
gradual increuase in di fferential as the probe is moved from
the axis of the tubé, but it 1s easy to see that a change
in the disrection of flovw lines can be largely responsible,

an at.t;ampt is being made by Dr. John R. Weske at
the University of Maryland to photogruph streamlines through
~a Dall flow tube made of methyle methacrylate, It is hoped
that the extremely low 10ss of head through a Dall flow
tube may be edentually explained,

From thehead-recovery efficiency point of view
the order in vwhich di fferential pressure producing deviceg

should be placed in

1. Dass Tﬁbe.
2 Venturi Tube,
3. Dall Orifice Plate,

4, Orifice Plate.
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From the head loss point of view, for all practical
purposes the efficiegncy of the nogzle is identieal with
that of theorifice plate,

ADVANTAGES AND DISADVANTAGES:

DALL FLOW TUBE
Adyantasass

1. Lowest head loss of all known velocity increasing diffe-
rential pressure producers. The pressure loss owing to Dal
tube varies between half and one third (depending on
throat ratio) of that of long pattern venturi tube, At the
higher throat ratios the loss is as low as 2§% of
differential head and is no more than 74 # at the lowest
ratios. These low losses represents a very confideméble

saving in pumping or compressor casts.

2. Easler and cheaper installation than a venturi tube.
The length and weight of Dall tube are between one thirad
and one sixth of those of the long pattern venturi tubes
and are about half those of short pattern venturi type
Handling and installation are thfrus' easier y énd ofbén a

saving &s pachieved in the size of any pit or chamber.

3. Iowe-r first cost than a venturi tube owing to eConomy
in material omi and machining, Manufacture is facilitated
by the short length and the absence of longitudinal curvae
ture. TFine maching limits are possible and the tubes. are




94,

always manufactured as a single unit, The design 1lends
itself to east or fabricated constguction,

AFPLICATION;

The Dall tube is suitable for most application wherp
pressure losé is important or costly, it can be used with
any 6 in (15 mm) or larger pipes or circular ducts and for
most fluids. For water, sewage, or other liquids tubes
are usually made from castings, while for measurements of
air, gases and steam fabricated tubes are normal. For cold
water duties, the inner and oter surfaces are protected

from corrosion by a standard Epidocose finish,
DISADVANTAGES:

Like other known flow metering elements, the Dall
tube fails to be outstanding in all respects, Its weaknesses

ares

1. A standard Dall Flow Tube is not suitable for measuring
the flow of flulds containing solids which are apt to settl*
out in the throat of the slot,

2. A more straight pipe is required than for some primary

devices which have been used for a few decades.

3. Some cavidation has been experienced at unusually high
velocities and low pressures. However, no tasts have baen

made to determine the comparative camidation in venturi
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t ubes, orifices or nozzles under the same conditions.

4, It has been stated that the coefficient of discharge |
becomes variable below a Reynolds number considerable higher
than that at which a venturi tube coefficient starts to vary
In the present investigation the contrary is found to De

t rue,

VENTURL TUBES:

Advantageg:

The main advantage 1s that the overall loss of
pressure is less than for nozzles and orifice plates, This
is importart in small, The loss is usually from 10~ 20 per~
cent of the differential pressure and decreases as the
glze of the venturis throat is increased, At high speeds,
however, the total pressure recovery may not be attained
until the fluid has flowed to a considerable distance be-
yond the end of the venturi tubes. A venturl tube is usoe
ful in measuring the flow of slurries and suspensions of
solids in liquids where as Dall Flow tube falls t0 serve

this purpose., A piegometer ringfshould not be used in
such application,

DISADVANTAGESs
The main disadvantages of venturi tubes ares

1. Its high initial cost.

2, It cannot be easily installed in an existing plpe line




- because of its length,

3. Once the tube is manufactured and installed it is
impossible to change the range of flow installation except
by modifying the differential pressure measuring instrum- .

ents or replacing the venthri tubes.

ORIFICE METERs

It has already been discussed that the calibra~-
tion curve of orifice meter resembles that of Dall Flow
tube. Its head loss 1s highest as compared to other meters
8ince there 1s no recoverable part in 1it, As regards it$
cost, its first cost will be less than that of Dall of floy
tuba, |

BEND MEIER:
The losses in a bend ares

1.A loss at entrance to the band 'due tc a tendency for

changing from rectilinear to vortex motion.

2. A loss in the bend greater than the normal pipe loss

- betause of increased turbulence,

3. An excess loss in the straight portion of the pipe
following the bend due to the re-establishment of normal
plpe flow, This loss occurs over a considerable length

of stralght pipe beyond the bend,
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Since these losses in a bend are permanent bosses
it is not desirable to use a bend for metering problem.
But where there exists a bend in the layout of a pipe,
then it is advantageous to calibrate it so that no other
meter will be required for measuring purpose. But its
reliabllity in operation i.e. indicating the flow ruate may

not be so a.ccui‘ate.
FLOW ROZZ LE:

Bwing to the smooth entrance cang, flulds flow moJe
easily through nozzle than an ori fice so that a small
value of 'm' ¢can be used for a given rate of flow, The

nozrzle is therefore used in high velocity mains,

Its main disadvantage 1s that owing to its having
no exit cone it produces a large overall pressure loss,
alt hough this loss is slightly less than that produced
by an orifice plate, This loss is usually about 50%
of the differential pressure so that this type of instae
llation cannot be used where the available pressure head
is very small. It cannot be used satisfactorily when the
value of the ratio m lies outside 0.2 and 0.55. In gas

or steém service the ratio is limited to values below 0.40.

PITOT STATIC TUBES_:

Advantages @

1. It produces no appreciable pressure loss in the main
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unless it is made large in comparision with the size of

the main,

2, It can be inserted through a comparatively small hole
into the main without the necessity for shutting down the
main, It 1s, therefore very useful for estimating the flow
through a main in order that a more permanent type of flow
measuring device such as orifice type may be designed for

the main,

3, It can be used to find the distribution of velocities
in the main or flue., This is useful, for example, when
it 1s required to site a sample tube in a flue for waste

gas analysis,
4, Itscost is low.

DISADVANTAGES:

One of the principal limitations to the use of
pitot static tube is the fact that the gas or liquid must
be moving at high velocity, if an appreciable differential
pressure is to be produced. For this a modified form of
pitot tube, such as the pitot venturi tube and pitot Dall
tubes is used. It is essentially an exploratory device

and is rarely used permanently in industrial work.

The pressure loss produced by the devices lilke
pitot venturi and pitot tube is usually negligible,
| aspecially in the cagse whare the size of the pipe is large
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in comparision with the venturi or Dall tube used,

SUMMARYS
From the above considerations it 1s ¢lear that

pall flow tube has got gsuperiority over other meters in

many respects.

It produces a high differential,

egsure recovery is very high i.e. the loss
Bacause

1.
o, Its pr

in the meter is lovw cort rary to the expectation,

due to gharp edges, it is expected that the losses will

be more,
3, Its dimensions {g smallest amongst ve
Hence installation tyouble 1s

nturimeters of

Long form and short forms .

minimised.

" 4, As regards calibration, 1t resembles more like

ori ficemeter calibration than v enturimeter calibration,

a3(i=
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CHAPTER V

INSTALLATION, TESTING AND MAINTENANCE OF METERS.

INTRODUCTIONs . ,
Ihis Chapter deals with the installation, testing

and maintenance of differential pressure flow measuring
devices and the recording units, Generally all ﬂheselthctors
are furnished by the manufucturers and the meter user has
to follow the instructions of the manufacturers., The _
disturbances in the upstream side of the Dall Flow Tube
and the effect of ambient water temperature on the discharge
coefficients have been discussed also, Then the precautions
that are necessary to be followed during installation,
testing and maintenance have been outlined too, A full
description of these facts are not given here, as they
can be found in many text books, Only the fncters which
came during the experiments have been outlined,
INSTALLATI ON; . |

o Bafore considering fully the installat ion condhitions
for Dall flow tube, the effect of upstream disturbances
is glven first,

UPSTREAM DISTURBANC ES3

Dall flow tube 1s sensitive to upstream distur-
bances, like other detecting elements, In many cases
it i3 more sensitive than the most commonly used primary
devices, but it is by no means more sensitive than all

other differential producers under all installation condition’
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The error caused by various upstreanm dis.turbances, vhen
allovance is made for coefficient of discharge is shown
in Flg, 47, 48, 49, 5 and 51 and 52,

- Fig, 4:7 shows the effect of a single elbow upstream
for thrée difforent /4 ratios. Bue to elbows in the upy
stream, the coefficient of discharge decreases . Fig, 48
shows the effect of a gate valve, qpeﬁed onethird, with
1ts stem parallel to the inlet tap, and the portion of the
gate in the stream on the same side as the inlet tap in
the Dall flow tube. +his figure shows that the coefficient
of discharge increased with a gate valve in the upstream

side of the Dall flow tube,

Fig, 49 shows the effect of rotating the valve
so that 1ts stem took the position shown by abscissa, The
valve remained one third open, it was Rocated 5' (74’ pipe
dlangters) upstream and the inle$ pressure tap was at 900
position, Here also there i1s a increase in the coefficient
of discharge, Fig. 50 shous the effect of a gate._valve
with various openings vhen located 5 ft. ‘upstream, with
the stem parallel to the inlet tap, The coefficignt of
discharge increases with valve opening-~turns,

Fig, 51 shows the effect of a 6 in x 8 in increaser
ahead of Dall flow tubes of three different 4 ratios,
The coefficient of discharge increases here alsc., In all

cases the error reverses, JIhe coefficient starts off too
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high with no straight pipe between the increaser and the
Dall flow tube, then the coefficient becomes two low as
the straight” pipé ahead of the Dall tube 1s increased and
finally the coefficient rises to its standdrd value,

Fig. 52 shows the effect of a 10" x 8 in reduces
upstbeam from the Dall flow tubs., The coefficient also

increases in this case,

A question arose as to how elose a particular
type of disturbance could be located to the throat when
plecod in the downstream cons, Fig., 53 indicates the type

of disturbance and its effect., It will be noted that there

is no observable change when the position of the dlsturbing
object 1s increased beyond one throat diameter downstream
from the throat slot, The coefficient was about 0.3% higher
than standard, but this 1s believed to be due to test
inaccuracies rather than to the object in the diffuser,

CORC LUSION:

From the above experimental investigations 1t will
be seen that the coefficient of discharge is affected by
upstream disturbances, The reasson for these changes being
the change in flow pattern caused by the disturbing elgnﬁents
placed ahead of Dall flow tube , In all the above cases
except the effect que to short radius elbow, it is seen
that the coefficient of discharge intcreases which means
that the differemtial pressure read for the same discharge

-t
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as without disturbance igs less, Ag the position of dis-
turbance is placed away from the Dall flow tubs, the affect
neduces and the increase in ecoefficient of discharge starts
falling in almost may cases, For higher a /3 ratios
the increase or discrease of coefficient of discharge is

more than smaller, dlameter ratios,

EFFECT OF AMBIENT TEMPERATUREs

If a venturl meter or Dall flow tube is installed
and 1s calibrated, after some days it will be found that
the calibration curve does not tally, Zhis discrepamcy
i1s due to the ambient water temperature (26) Fig, 54 shows
the calibration curve for a venturimeter at three different

temperature, of water, ie at 46° ’ 63° and 74° F,

DISCUSSION;

The rate of heat transfer through the walls of
the meter tube is sufficient to produce eratic coefficients
at low throat velocities, presumably because of time element,
Due to the fact that the heat transfor coefficient for
turbulently flowing water and still air are of different
orders, changes ofwall temperature from that of stream
are ordinarily insignificant except at low velocities,
Errors are expected with un insulated hot water meters,
supercasted liquid ammonia meters and gas meters which
are heated to prevent the formation of deposits at the

throat, A rise of gas temperature should lead tc a negative




instead of positive error, since <the viscogity of gas |

finc reases with temperature, while that of water then fall;

No effect as to be effected on the flat portion of th
coefficient curve for any differential producer. SincCe

a large value of wenturl coefficient exlists on the flat
portion of the curve and starts to fall off at a relatively
high value of the throat velocity and usual temperature

and hence of the peynolds mumber puth a venturl iz reddétively

sensidive to this error,

But this effect of amblent water temperature on
the coefficient of meters is only at low Reynolds number
and hence usually in the working range this does not alter
the values, The Dall tube can be installed at any angle.
For vater, flov measurement in horizontal, or sloping mains,
the comections are normally at the sides; for alr or gas
flow measurement the connections are normally at the top-

An arrow, cast on the case, indicates the direction of flov.

As for other differential pressure producers
Dall tubes sttenld normally be installed with at least
ten pipe diameters of straight pipe on the mpstream side-
more for large ratios (i.e, large throat bonesX less for
small ratios, Speclal conSlderation must bs given to insta.
llations where unavoidable disturbaﬁcea eceur upstream
of the Dall tubes. &ny form of control should be fltted

downstream, preferably a few dlameters or more away.




PROCEDURE:s.

Befors proceeding to fit the detecting element
in position is the pipe, the pipes ‘should be flushed out
to remove any debris and other foreign matter, Then, in
the case of venturi and Dall tubes, nozzles and orifice
plates, the mecessary washers should be prepared. For low
and medium pressure work, washers of rubber composition
are used, and the internal diameter of these should be |
cut slightly larger than the bore of the mainj 1t is eosential
that the vashers do not project into the main, Care must
be taken to ensure that the detecting element is bolted
into the maln the correct way round. Ip the case of orifice
plates, there are marked to indicate vhich side fates up-
stream, and it is necessary to check this point, as sometimes

the plate 1s chamfered on the downstream side,

In the case of pitot tubes the pipe should be
drilled and tapped in the position specified and tke static
pressure ¢onnection also drilled and tapped in the correct
position, if this connection is required . The pitot tube
must be inserted into the main to the correct distance,
and the upstream orifice must be carefully located to point

truly upstrean,

In all cases 1solating valves are provided for
fitting at the tapping points, These enable the pipe and
detecting element to be isolated, from the remainder of the




106,

metering system. WYhen an orifice plate with plpe or flange
tappings are belng installed, particular care is necessary
to ensure that fhé' upstream and doﬁnstrea@ tappings are
located in the exact positions specified, After drilling
‘and tapping it 1is essential to remove all burrs from the
interior of the pipe, and the screwed ends of the valves

or connections must mot project into the pipa.

The two pressures from the differential pressure
producing device to the measuring unit are transmitted
through pipes, in the madority of cases the metbred fluigd
being allowed to enter the prossure pipess and the ins-
trument, The installation of pipes should receilve parti-
cular attention; faulty installation of these plpes is

a source of more errors than all other factors combined,

For a gas metering it is essential that the pipes

are run in such a mamer that water locks camnot oceur
in the connecting pipes, Conversly , when the motered

. fluld 1s liquid, air and gas locks must be prevented.
It was observed during the experiments that any discon-
tinulty in the column of liquid gave rise to spurious

- head, the magnitude of vhich will be equal to the keen
of the vertical heights of the breaks., The resultant
meter error is not alvays revealed by‘ equalising the two

pressures nor by the rate of flow falling to sero,

To ensure stitisfactory installation, the following

—rules—-shonlid-be—observed—
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Fox Iiquidss

‘When the instrument is above the dete-cting
element the two pressure pipes should dip down from
the detecting element to minimise the possibility of
air ﬁ'on; the main entering these, and then gradually rise
to the instrument at a slope not lesg than are in twenty,
When the instrument is below the detetting element the
two plpes should gradually fall to it at not less then

the minimum slope.

When metering dirty lfiquids special precautions
have to be taken to prevent the pressure pipes from bccom-
ing blocked and to prevent foreign matter entering ths
differential pressure measuring instrument, the diameter
of the pressure holes at the throat should nd exceed

onstenth of the throat diameter.

With regard toc the thermometer pockets and similar
pro Jecthons into the main, whenever possible there should
, debecting
be located downstream for the monkimg olement when it is

essential for a projection to the situated upstream of

the detecting allotment and it should be about fifteen
Glameters n

Pipe .4imands avay; the minim gistance is infhenced

to a considerable degree by the relationship between the

area of projection and the cross sectional area of the

pipe,
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LOCATION OF MELER:

‘paytemn occur close to the meter, particularly upstream

e meter should be located in a plpe section
vhere the flow exibits the symmetrical velocity distribution
commonly krown as ‘normal turbulence’ If interferences

(i.e, swirls, Cross currents, or eddies ) in the flow

as has been discussed earlier, flow measurements are apt
to be erraneous,ii ‘I"e‘r a given 1nsta11e_1tion, the magnitudes
and direction of erros will depend upon the specifie
combinatlon of conditions existing in the flow, The
following general criterial shotild be satisfied in §alcéting

the meter at locatiom

1. The meter should be located vhere the flow is the gost
uni form, publsations and surges should be avoided,

2. A pipe section with the maximum aveilable length of
straight pipe upstream and downstream from the me’cer should bé

selected.

3. The fluid should remain in single phase when
passing through the meter P ho vaporisation of 1iquid or
¢ onflensation of vapour should eccur,

4.  ‘hen metering Yhqubds at low Reynold‘s number:ga 1ocax
‘should be c¢hosen highxtixminmz where temperatureis higher,
in order to minimise viscogity effects on discharge co~
efficient, .

&, then metering a gas, the meter should be, insta.lled
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at a point where the pressure is lowest and temperature

highest in order to minimize gas low deviations,
POSITION OF LINGs

Differential metéors ¢an be installed in any
position, For liquid metering, location of meter in a
vertical line with downward floor is not advisable, since
under some conditions the liquid may fall free and may
not fi1l the line, However, when gases contain condensgable

conttituents, an installation of this type may be desirable
| in that it allows any condensed liquid to be blown through |

the meter. The line gshould be concentric to the meter.

ST TENING VANESS

Swirls or eddles upstream of the primary element
caused by partially closed valves, by regulators, or by
"combination of the elbows in different planes, will lead
to inaccuracy in flow meter reading, The flow meter will

usually read low,

The use of straightening vanes will eliminate,
or very greatly reduce , suwh measurement errors if they
are due to helical motion of the liquid, When placed |
after irregularities where helical flow does not exist,
they may do more harm than good, by preserving abnormal
velocity distribution due to the bend, which would other-

wise normalise itself,
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Strai@tenirg vanes should be securely fixed and
should be accéssibla for‘periodic inspection, if there is
any danger of their damage. A length of 5 glameters of
unifterrupted pipe 1s sufficient downstream of primary
element in all cases. Stral gxtening vanes should prefer-
ably not be used downstream from single elbows, since
they lend to prolong the distorted velocity traverses
which is produced by this type of ﬁttirg;

TESTING AND CHRCKING OF METIERS:

Even though all recommended procedures for setting
up the di fferential pressure produces meter installations
are carefully adhered to in any given case, it is const.
antly necessary to guard against faulty operation of the
system. This 1s one of the functions of the instrument
maintenance groups in refineries and othe r industrial
plants and makes possible the consistent ateuracy and
reliabllity of flow measurements, Jheir work involves
the applications of a reutined schedule of tests and checks
which experience has shown are essential for revealing,
preventing and elbminating commonly encountered errors.
Although these errors are not inherent in the primary
OT secondary element, they develop with time under the
influence of service conditions and can only be recognised

and remedied through continuous inspection.
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Instructions for adjustment and repair of ins.
truments are furnished by equipmert manufacturers so thgt
the difficulties which develop may be readily corrected
by the user., To this end, maintenance scheduled are set
up with provision for frequent zero adjustment and peri odic
calibration of the flow meter itself so that ‘operating
troubles may be uncovered. The frequency of checking will
depend on such considerations as the importance of the

instrument, past elperience with the type of instrument
| being wused and how after there are indications of error,
Usually wheﬁ meters are calibrated, a detalled inspection
of 'tha conditions of the detector, connecting lines, and
~ attendant facilities is made in addition to the required
adjustment, cleaning, and servieing of the instrument,
In this respect, it should be noted that all elements
of the system should be carefully 1nspected any time that

- a meter is employed for test purpcses,

- The tests of meters serve two purposes:

1. - In the case of a meter which has béen in opera-
tion, they reveal the magnitude of past errors so that
~corrections may be made in meter records obtained for lost
accounting requirements or for studies of unit or plant
performance, Under these c¢ircumstances, no adjustment
of the meter mechanisal are made unfit after esch test

has been coinpleted.
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2. In the case of a meter which 1s to be pléced in
service, the tests ensure that dependable results will

- be providaed in ensuring operation of the meter ., In this
situation, all possible adjustments of the meter mechanism

are made before several tests are under taken,

In addition to the foregoing, attention should
be given to the possibility of lemks in the system, concen-
tric »roAtation of the chart etf., For the case of meters
recording at a renote point through a pneumatie or electi.
ical transmitter, 1t i3 importantd that the recelver ve
_eheckéd frequently, to see that it reads the same as
transmitter. Seal pots, where used, should be vented €r m
- tim to time, and sealing fluids should be replenishad,
and or drained and replaced at regular intervals particuly
where emmabsi ficution with the flowing fluid may oecur,

CONC LUSIONS: | :

1. As has been seen the mpzpxi  upstream disturbances
affect the coefficients of of discharge of Dall flow tube
and in order to minimise the effects there should be a
strai ght portion of the pipe preceding the meter, Ihe
length of this tube should be minimum 15 diameters.

2. Were the disturbing elemerts can be eliminated,
thelr effects can be to a great extent controlled by the
propision of etrmaightening vanes,
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3. The ambient temperature does not affect the

discharge coefficient in the working range of the meter.

4. As regards a installation of the meters, the

nmanufacturer instructionsy should be followed.

5. Periodical checking and chetking of members

are mevessary to obtain good service from them,
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DIBSCUSSIONS

1. In Chapter 1 the 4ifferent types of differential
pressure producer members given with a short description
on each of them, A brief theoretical analysis of the
metering problems has been dealt with.

z.' In Chapter II, the experimental set ups are given.
There are four experimental set ups, 3 in senior hydraulie
Laboratory and onein Junior Hydraulic Laboratory., The
calibration cﬁrVes for all of them have been drawn from

the experimental results.

In experimental set up no. 1, after calibrating
the short venturi, the calibration curves for bend meters,’
shunt water meter and rectangular welr have been drawn.
The coefficien of discharge of this short venturl is
Very high as 1s expected to be. The relationship
between the discharge and square root of head in the
bend meter is found to be a straight line., The calibra~
tion curve for this meter is nearly a straight line and
slightly decreases with high Reynolds number., The opera-
ting range of this meter is inturbulent flow region only,

The co-effitients of mectangular welr has been
calculated and it 1s seen that the coefficient is nearly
equal to the Bazin's coefficient, There is sufficiert
straight portion before and after the meter, hence the
disséurhing effects are small,
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3. In the experimental set up no. 2, the short venturi |
is callbrated and then the calibrations of water-meter
in series with the meter, rectangular welr and shunt 'mete_r
 have been drawn, Here again the discharge coefficients
are very high and remains practically constant during the

operating range, The pressure recovery 1s very high also.,

4,  Dall tube is installed in Junior Hydraulic Lab,
A calibration curve for the meter is drawn, It is seen
that the calibration c¢urve 1is nearly similar to th e
calibration curve of orifice meter, The coefficients of
discharge are higher because there 1s mpstream dlsturbance

due to gate valve and the bends nearer t0 the meter,

5, A Dall tube was designed and Manufactured . It
was fitted in a 1 Snch pipe line in Sr. Hydraulic 1lab,
This design 1s done geometrically similar to the Dall
tubej%ge experiment no, 1 . A calibration curve is drawn
for the meter and it 1s seen that the curve is similar

to thé, calibration curve of the orifice meter but the
head loss is higher due to the region explained in Chaper
II. |

6, The theory of rounded entrance flow meters 1s
dealt with in Chapter IIJ, ‘he calculations of discharge

ccofficients for the shdrt vehicles mnf;;&s of experiment

no, 1 and 2 is done with the help of this theory, Because
the limitations of this theory apply quite favourably to
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these meters. Hence the trouble of measuring the large
quantity of discharge is overcome. This also helps in
calibrating other meters used during experiments as has been

al ready stated,

7. The different variables that come into play in the flow
calculations have been discussed also in Chapter ILI, It
has been found that out of all factors the velocity distri-
bution at the low pressure tap i.e, at the throat section
plays a vital role in the coefficient of discharges, Other

factors have been dlscussed also,

The diffuser of the meter does not affect the co-
effie ient of discharge., The diffuser angle of opening
gshould not be very high to produwce eddies etc and hence the
maximum recovery depends upon the angle of opening of the
diffuser and its length for a particular meter,

8. Pogsible explanations for the causes of various factors
that come in the flow metering problems and the manner in
which they affect the coefficient of discharge have been put
forth, |

9. In Chapter IV, the comparative study of different types'
of differential pressure flow meters has been given, It
will be seen €from this Chapter that tha Dall Flow tube

has got superiority over other types as regards differential

pressurs and pressure recovery are conterned, Mreover,

the instrument 1s compact and being small in size, is cheap



and it is easy to install also,

10, The Chapter Iv1ééals with the installatiohs, éhecking and
‘maintenance of meters in general, The effect of upstream"
disturbances on the disch,rge coefficient of Dall Flow tube
is also discussed, From all these considerations, the
limitations for the installation conditions have been
outlined, .

11, Possmm' EKP‘LANATIGN’ oF ir.iaw 'L0S8 IN DALL FLOW TUBEs

o A vortex ring was observed at the discontinuity
af the diameter at diffuser dlscharge of the Dall tube and
the suggastion‘that’ﬁhis annular vortex contributes to th%l
measiured loss appear canfirmed‘by investigations of
Perkins and Hazen who found that a corresponding vortex in
a wind tunnel increased the pressure fecOVery and iﬁperOVed
the uniformity of velocity distribution downstream, Te
Lov head loss of the Dall Tube may be attributed to the fact
that igyretarding flow as in boundary layers and diffusers,
the fluld shear stress at the'walis drops to very low values
even to zero and negative values, from a maximum which
occurs away from the wall. This is as may be expected since
the central stream will'entra;h the fluld nesr the wall
preVIouély'retarded by adverse pressure gradients, It
occurs in the downstream portion of any diffuser; in the
Dall tube strong adverse pressure gradients are eatablished

directly downstream of the throat by abrupt change of 310pe

in the wallj hence the reduction of wall stress is effective
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SERENRLY.
ZABLE . 1.
OBSERVATIONS FOR EXPERIMENT NQ 1.

si. | X X X
Né %Swtion%ﬂis— §Fr1c-XVentur1XVentur1 § Hook X Water X Record-

X Yehargetion XPress, XDiff, Xgage JYmeter X ing
X Ybend Yhead Xloss Yhead = XreadingXreading X meter |
X Xaif, Xloss Xineh,offinch.of {inches X gallon/Xreading
X Yhead Xinch Xwater. Ywater, Yof X min, XCu,sec.
X X"of Yot X X Ywater. X X
X YuatorXuaterX . X - SHE— X
1 1 2 3 4 5 , 6 7?7 8
Eﬂ&d—&-—-m.
lq 100 9 7'9 2.5 23. 5 70 2 667430 0092 60%
L. 82 62 2.2 2.2 7.0 63125 1133 6.2
2. 10.92 9.0 2.5 28,0 9,5 6.5462 1.20 6.2
Head = 20 f%,
1. 67 50 L5 1525 50  5.8745 0.933 5,60

2. 7.9 6.0 2.0 19.2 6.0 6.2805 1.05 6.1
3, 9.8 7.5 2,3 23,5 6.5  6.7008 1.10 6.7
4. 1.3 8,7 2.6 27.1 8.5  7.0313 1.20 7.1
Head. =25 f%.

. 53 36 1.0 1L7 4.1 5,265 0.65 5.00
2. 6.9 52 1.5 16,2 6.0  5.9287 0.85 5.80
3, 7.8 5.9 17 19.0 6.4  6.1875 0.9 6,15
4. 10,0 7.7 L8  23.7 7.5 6.7412 1.05 6.80
5. 1.0 8.9 2,4 28.8 8.5  7.0468 1.10 7.
 _Head = 30 ft, |

1. 4.8 3.4 o.8 9.1 3.1  4,8675 0.58 4.60

¥
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I 1 2 s 5 7 8
2, 6,2 45 L2 4.1 4,5  5.6535 £.65 5.5
3. 8,2 6.5 1.9 20,7 7.5 6.3478 0.80 6.35
4, 9.7 7.7 2.0 28,8 8.1  6,7495 0.85 6,80
5, 11,2 9.0 2.5 28,8 %8 7,043 L10 7.30
 Head - 35 £, | | | '

L. 41 23 0.6 6.7 23 4.4225 0.40 4.3
2. 5.4 39 0.9 12.2 4.0  5.395 0.55 5.2

13. 7.3 55 L4 178 5.6 6.0000 0.75 5.9

4. 8.7 6,9 2,0 22.3 8,2 6.4628 0,8 6.5

5. 0.5 8,3 2,5 27.0 8.5 6,9332 §.9 9.0

~Head - 40 1%,

1, 24 0.8 0.4 2.2 0.7 2.,9300 2.8

l2. 4.4 2.8 0.7 9.5 2.6  4,6338 0,40 4.5

8., 6.3 4,6 1.3 15.0 5.0 5.6876 0.85 5,1

4., 7.6 6.0 1.4  19.0 5.8 6.1325 (.60 6.1

5. 9.4 7.6 1.8 24,5 7.0 6.6950 0.80 6,75
L 21 0.4 0.1 0.8 0,2 2,106 2,35
2, 2.8 1.0 0.4 3.2 1.0 3.660 6.25 3,25
8. 6.0 37 1.0 110 3.6 5.1032 0,60 4,%
e 6.5 5.0 1.2  15.2 4.8 5.6778 0,656 5,60
Be 7.9 6.0 L5 19,6 5.8 6.1825 0.85 6,20
6.° 9.4 7.3 1.9 23.8 7.0 6.6330 0,933

6.70
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1. 1

Opening ratio m = 0.4545

Bazins doefficient n = 0,405 + 0.000984 / H

2 3 . 4 5 6 7 8
1. 23 0.7 0.2 L7 0.5  2.7300 2,70
2. 3.4 2hd 0.6 6.0 24 4.1365 0.3  4.00
3. 48 38 1.0 1.8 3.2 51004 0,8 4,90
4, 6.0 4.9 L2 16,5 4,1  5.6533 0,70 5.6
5. 7.1 5.5 1.5 18.0 6.1  6,0703 0.80 6,00
1. L2 0,1 0.1 1.0 0.7  0.3505 2,70
2. 3.1 2,5 0.6 7,1 4.2 4,4217 0,60 4,50
3. 4.4 . 3.6 0.2 1.8 657 51327 0.7 5,2
4. 6.0 9.2 1.1 184 8,6 58273 0,85 5,80
§. 7.4 6,1 1.6  19.5  9.00 6.1853 0.9 6,30
(Hesd - 60 f£, | |
1. 8.3 65 17 2.9 7.3  6,8805 1.0 0,60
2. 5.3 4,3 0.9 120 3.6 5430 0.70 5.5
3. 27 1.7 0.3 5.1 L7  3.9750 0.25 4.10
4. 14 8,6 0.2 1,5 11  2,7385 3.2
a; = 1.03 sq. 1Y, Ay = 0,467 sq.ft.

B = diameter ratio = 9,25/13,75 = 0.673
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‘ Sl} Bagzins %’éioﬁty ¥Mnola';{Dischargelx(coef.of §FI‘1°“ ¥% fri-
1oy Coote Jrueeme (000 Tt Consen. ¥ posty Yeastort 1ose:
X X _rx0 ¥ X X X -
° . 1 1 12 33 34 15

Hpad = 12 f%.

1. 0.4209 5.66 5.84 5.81  0.991 0.00550 28.9
Bead - 15 ft. |

1. 0.4237 5,29 5,38 5.4 0.991 0.00590 31.0
2. 0.423056 5,32 5,51 5,6  0.9915 0.00600 35.0
Head = 20 f%.

1. 0.42505 4,55 4.71 4.60 0.9925 0.00506 32.0
2. 0.4238 4.99 5.16 5,14 0.9920 0,00558 32.0
3. 0.4226 5,52 5.72 5,59 0.9918 0.00650 26.2
4. 0.42178 5.90 6.12 6.08 0.9915 0.00554 27,0
Hasd = 25 ft, .

1. 0.4272 3,93 4.07 4.20 . 0.992 0.00454 30,3
2,  0.42492 4,58 4,75 4.90 0.991 0.00500 31.7
3.  0.4241 4.80 4,96 5.11 0.973 0.00516 29.3
4, 0.4225 5,55 5.75 5.93 0.991 0.00407 26,3
8. 0.42178 5,92 8. 13 6. 10 0.988 0.00478 32.7
Hegd = 30 _ft.

1. 0.42925 3,46 3. 59 3.56 0.978 0.00465 32,1
2,  0.42502 4,29 4,45 4,42 0.983 00.00470 31.3
3. 0.4236 5,05 5.24 5.2 0.985 0.00530 30,8
4. 0.4225 5,55 5,75 5.73 0.983 0,00458 31.9

5. 0.42177 5.91 6,12 6.09 0.980 0.00498 27,8
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) 1% 11 T2 13 14 15
1. 0.4316 3.01 3.12 3.10 0,989 0.00465 33.1
2. 0.4271 35,95 4,009 4,06 0.988 0.,00404 30.2
3. 0.4227 4,71 4,88 4,85 0.9 0.00440 28.8 |
4. 0.42328 5.2 5.8 5.36 0,993 0.00516 34,2
5. 0.42205 5.82 6,03 6.00 0.990 0.00532 28,9
1. 0.4453 1.682  1.742 1732 0.988 0.00748 31,2
2,  0.4%05 3,22 3,34 3.32 0,988 0.00470 29.3
3. 0.4258 4,22 4,37 4,34 0.991 0.00510 32.8
4. 0.42425 4,82 5.01 4,98 0.988 0.00392 29,4
5. 0,42265 5,46 5.66  5.63 0.987 0.00418 26.9
Head = 45 ft, 64908
1. 0.46%7 1,07 1.11 1103 Q.993070.00698 24,8
2, 0,400 2.04 2,115 2,10 0.989 0.00697 28,2
3. 0.4281 3,74 3.28 3.85 0,988 0.00510 31.9
4. 0.4258 4.31 4,46 4.45 0.989 0.00646 30,7
5. 0.42415 4.8 4.9 4.95 0.987 0.00455 29,8
6.  0.4228 546 5.65 5.63 0.9%8 0.00432 29,3
1. o0.4483 152 1.566 1,865 0,983 0.00600 20,2
2. 0,433 274 2,84 2,82 0.980 0.00858 34,1
B, 0.4281  3.74 3.88 3.85 0.988 0.00465 33,1
E. 0.42585 4,32 4,47 4.45 0.99 0,00432 24,3
. 0.42445 4,70 4,80 4.84 0.988 0.00175 32.2
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3 1

9 n 11 12 13 14 15

Haad = 58 f%.

1. 0.833 0,136  0.141  0.14 0.983 0.0376 59,8
2, 0.4834 8.056  3.16 3.14  0.9886 0.0045 51.2
3. 0.4280 3.74 3.88 3.86 0.987 0.00418 30.2
4. 0.9272 4.5  4.66 4,64  0.983 0.00380 SyiRs
. 0.4241 4.80 4,97 4.95 0.980 0.00485 50,1
Head = €0 ff, 0. 980 |
1. 0.4235 5,12 5.3 5.27 o973 g.gg;.gz 3; ;
2. 0.,4267 4,05 4.2 4,17 | * *
3. 0.4347 2.63 2.73 2.71 0.992 0.00304 32.8
4, 0.4482 1.54 1,596 .59 0,988 0,00588 59,2.
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TABLE 2.

DBSERVATIONS OF EXPERIMENT NO,2

Recording

Obger Press Diff, PFriection Venturi Hook gauge Water Meter
vat- ft of ©press, head Press, reading 1in meter readin
ion, water, inch of loss loss inch of water. read-

water. inch of of water. ing

water, A Gpm_

1. 3 4 5 6 7 8
1. 235 23,2 8.2 3.3 1.4800 216.5 0.560
2, 225 26,4  1L,5 4.3 1,417 230 0.600
3. 2 24.8 9.0 3.5 1.3933 221 0.570
4, 238 22.2 8.8 3.2 1. 3320 208.5 0.545
5. 240 2.7 7.3 2.9 1.3050 2010 0.520
6. 295 19,6 6.7 2.7 0.295 198.5 0.510
7. 385 18,3 6.5 2.6 1. 15490 190. 0.490
8. 260 15.8 5.8 2.3 1.0800 180 0.475
9., 265 14.6 5.0 1.9 1.0400 264.5 0.410
10. 27T 13.5 4.1 L6 049480 151.0 0.400
11. 276 11.7 3.2 1.2 0.8870 133.56 0.325
12. 280 10.0 2.2 1.0  0.7500  112,0

0.285




X X X
Obser XBazinsXVelocity Digcharge XRynold

‘ T

vation) Cgf. § ft/sec, YQ cusecs Xno.(Re) :ef' §§§§§§n§f¢,§§?"
X X ch”" X
SR S § {oy %
9 10 | 11 12 13 14 15
1. 0.4806  7.73 0.620 2.59 0.982 0.00402 10.55
2,  0.4586 8,07 0.647 2,72 0.971 0.00544 11.0
3.  0.4505 7,78 0.623 2,62 0.983 0.00447  9.66
4, 0.4536  7.30 0.585 2,46 0.979 0.,00516  9.41
Se.  0.455 7.14 0.575 2.405 0.985 0,00516  9.75 |
6.  0.4562  7.00 0.562 2,362 0.984 0.00400 9368
7.  0.4570 6,12 0.491 2,06 0.983 0.,00610 9.9%
8,  0.4540 6,06 0.468 2.04 0.984 0.00468 10.5
9. 0.4882  5.64 0.449 1.89 0.985 0,00478 8.77
10, 0.4580  4.83 0.387 1.628 0.986 0.00515 8.10
11,  0.4578 4,51 0.36% 1.52 0.981 0.00461 6,90
12,  0.4625 4,08 0.300 1,32 0,989 0.00352 7.6
B = 0.7031 4y = 0.0802 sq.ft. A, = 0.0431 sqft.




ZABLE 3.

OBSERVATIONS FOR EXPERIMENT NO, 3.

Presé. Discharge Velocity Réynold Coef, &% head

Diff.
Obs. head loss Q ft/se¢c. no. of loss
No. in, - inches Cusec, (Re) p , dis-
of water of X x m‘*charge
water.

R 3 4 ) 3 8 7 8,
1. 27.0 6.0 0.222 1. 13 5.7 0.760 21.85
2, 6.3 2.5 0.109 0.58.7 2.8 0.782 38.3
30 1208 3.4 00 157 OO 802 2004 00773 25‘0
4, 17.0 4.0 Q. 184 0.938 4.72 0.772 23.8
5, 22,0 4.7 0.2056 1.045 5,26 0.770 21.3

‘----nhg-uuﬂﬁna--nu-ﬁ“-n-

Dimensions of Tank 6'-10" x 3'-725"
D = 6" Al = 0. 196 .SQQ ft.

A = 0,367
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TABLE 4,
OBSERVATIONS FOR EXMPERIMENT NO.4.

Area of e¢ross section of measuring tank

= 6,88 sq.ft.

Obs.Diff, Press. Friction Discharge vVeloeityReynold Coef.c
No. head loss head loss Q f"c/sec.y no. a?;fﬁ%igg
inches in,0f in. of cusecs (Re}p C.
of vater water. X x 10 02 D
wvater. xx
|1 2 3 4 5 6 U 8
1. 2,10 1.6 1,6 4,675 0.295 4,20 1.035
2. 3.55 3.1 3.1 5.840 0. 369 5,26 0.98
3. 6.85 85,1 5.4 8,340 0.528 7.52 .11
4, 8.10 7.8 7.9  1.000 0.626 9,90  1.22
6. 13.70 13.1 13.2 14,400 0.912 13.00 0.53
-2
D = 105 inch, Al = 1. 225 x 10 84. £t.
-2
5.2 = 0.136 x 10 sq. ft.
ﬁ = 0.333
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