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PHA'C 

Invention is always dynamic. With the in. 

crease of scientific knowledge, the industrial prod1ts 

are getting new shapes to suit the increasing demands 

of greater accuracy an better working. There is 

also keen competition amongst the industrial enterprises 

to put in the market their products having better usage 

to mankind. To that and they use the latest techniques 

of design and production to win the market. The same 

is also true in case of fluid flow measuring devices. 

This thesis work deals with the latest type of different-
tial pressure flow measuring device know as ' Dali 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 fluid flow metering problems. 

-:0:- 



LwS~,,..T „-2_F SYMBOL. 

Al 	Area of Cross-section of pipe. 

A2 	Area of the throat section of the meter. 
dA 	limentary Cross-sectional, area. 
C 9 L 	Length of the cylindrical sectin. 
CD 	Coefficient o f discharge. 
D 	Diameter o f the pipe. 
d 	Diameter of the throat section. 
f 	Co a''fic i ent of friction from Dare y" s formula. 
G 	Epee i fic gravity of fluid. 
g 	acceleration due to gravity. 
H 	Rectangular weir reading. 
n 	Differential head in meters. 

h ' 	Frictional head loss. 
J 	Roughness Coefficient. 

KL 	Pressure loss Coefficient in the Converging porti 
L 	Characteristic length. 
m 	Area ratio = {d/ 3) 
n 	.Bazin's Coefficient. 
0 	Refers to stagnation condition in case of cow: 

pressible fluids. 
p 	Pressure of fluid at any point. 

Suffixes I and 2 refer to the sections 1 and 2 res. 
Q 	Volume rate of flow. 



(Re) d Renolds number referred to throat conditions. 

(Red D Reynolds number referred to pipe diameter D. 

T 	Absolute temperature. 
U 	Velocity of fluid at any point. 
V 	Average velocity of fluid at any section. 
W 	Weight rate of flow of fluid. 
w 	Specific weight of fluid. 

(x,y) Co-ordinates of any point along x- axis and 
yeaXiS respectively. 

Z 	Datum head. 

Angle of opening of diffuser. 

Correction coefficient for non uniform velocity 
distributio (n 1 1 A QL !ttrn_ 

°(z 	Correction coefficient for nonuniform velocity 
distribution in the throat section. 

E 	Compressibility coefficient. 
P 	Density of fluid. 
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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 yield data on the operation and 

is a guarantee of quantity sales to consumers. it is 

equaly important in plant test work undertaken to in-

crease production, to obtain design data or to elimi-

nate operating difficulties. 

There are various types of devices for flow 

measurements and their characteristics differ accord-

ing to their design and use. A list of them is given 

below : 

CLASSIFICATIONS;  

The devices for flow measurement may be 

classified 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 	Meters for measuring the flow through open 

conduits. 

1. 

Under group all fluids are iz 1uded - 
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that is to say,, liquids (water, petrol, oil etc.) and 
gases (air, coal gas, steam etc.) Under group B. Since 
they are open to atmosphere, the fluids are limited 

to liquids, the vast majority of which consists of 
water or aqueous solutions,, such as sewage effluent. 

The meters under group a can be subdivided as 
follows: 

1. Mechanical flow meters. 
2. Differential pressure flow meters. 
3. Shunt type flow meters (combining certain 

characteristics of I and 2). 
4. 'Variable aperture `low meters. 

Group B are subdivided into: 

1. Weir flow meters. 
2. Venturi flume or standing wave flow meters. 

3. Meters for steam gauging, 

The reader will appreciate the difficulty 
that it Is not possible to describe all the types 
of meters described above, since each type will coi 
sist a treatise o f its own. ?o r this reason only 
the differential pressure flow meters under heading 

2 will be discussed in detail. 	in order to 
have some idea about the different types of meters 
available In the market a short note is given below: 



Under the heading of Mechanical Flow meters 

the following meters are available. 

ai 	Reciprocating piston types. 

be 	semi rotary circular piston types. 

c. Mutating disc type. 

d. Helix and other types, 
ea 

 

Single and multi Set fin types. 

f. 	Turbine type. 

go 	Propeller types. 

he 	pepeller type with electronic counter. 

i. 	Twin rotor propeller. type, 

The meters under the heading 

SIhunt Flow Meters ' are : 

a. Meters for liquids. 

b. Meters for gases. 
c. Wate .damped meters for gases. 

d. Meters for low pressure gases. 

Variable-aperture flow meters are 8 

a. 	Cone and float type. 

be 	Cone and disc type. 



C. 	Piston type. 

d.. 	Hinged • gate type. 

(5) For Qomplete informations of all these meters. 
may be referred. 

DIFFERENTIAL PRESSURE  FLOW METERS 

Since the present study is mainly on these 
types of meters, a complete analysis is given in sub-

sequent chapters. Before going into detailed study, 

a general classification of these types of meters is 

given below. They constitute two parts; 

	

,. 	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 Dail tube. 
c. The Orifice plate. 
d. The nozzle. 
e. The pilot static tubes. 

f. The double throat venturi tube. 
g. The Dal l Orifice. 



e 

V. 

h.. 	The Pitot.venturi and .ball Pitot. 

Of the various forms of flow meters available, 
those of the differential pressure type have the widest 
application in Industry. Th reasons for this are as 
follows s- 

a, The meter can be built to suit any shape of 
conduit, which need not be horizontal or 
vertical. 

b, There are no moving parts immersed In the 

metered fluid; consequently there is no 
mechanical wear in this portion of the meter.  
With very few exceptions they can be used 

to meter all fluids. 
d.. 	.An indic ation of the instantaneous rate o f 

flow, a record o f variations in flow rate 
and an integration of the rate of flow can 
easily be obtained. 

e. 	The limits of the dimensions of the conduit 
are determined only by constructional consi-
derations, 

f10 	The principle of operation facilitates the 
addition o f various forms of mechanisms for 

the transmission of flow records over a 
distance. 



vi, 

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 . 	e discussion of various 

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. 
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DESCRIPTION OF DIFFERENTIAL PRSSSU ►TYPE 
MS1RS AND THE THROR ICAL i.NALYSIS 0 ` 
FLUID M~rRRING PROBLEMS: 

A SHORE' iISTORY: 

Venturi in 1797 postulated the operating principi 
of the differential pressure flow metering device, This 
device is named after him as 'Venturi meter* (4) 

interest was mainly academic and it was left to Clemens 

Herschel (1887) to develop an instrument for measuring 
water flow, the same form of which is used to this day, 

One of the first attempts to find the factors governing 
the coefficient of discharge of these meters and there- 
fore to predict its value was by Gibson (1915) who 
showed that among other things, the coefficient of dis-
charge depends upon Erie tin losses in the cone and 
type or velocity distribution at the pressure measuring 
section. 

Another interesting paper by Pardoe (1919) also 
attempted to predict the value of the coefficient of 
discharge and in so doing calculated the losses in the 
conical contraction section 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 viscosity for venturi - 

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

The various factors involved, have been more 

rec ently analysed, and set out in A. S. M L. "Flow Measure-
ment' publications. An excellent summary of this work 

and present position was given by Jorrisen in 1951(2)  
Pioneering work In Eureope was done by Camiehel In 
A'oulouse, France, by Schiag in Liege, Belgium, In 1932 

at a meeting held in alan, Italy, the Committee on 

Fluid Measurement of the International Federation of 

the National standardizing Association (l. S. A. 3) 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 Rate nazionale 
per 1' uni f c azione hell' Industria (U.N.I.) submitted 

a project to a public enquiry and this project served 

as a basis for discussion at Helsinki, 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 venturi tubes was one of the most important 

topics discussed at the Paris meeting of the Committee 

on Flay Measurement of the International Organisation 
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for Standardization (I. S.0 . 30) ). 

Twenty years ago experiments (a) were being 

made in the United Kingdom on v enturit ubes without a 

parallel length between the upstream and downstream 

cones, in an attempt at simplification, but the flow 

coefficient was found to be unstable. These experiments 

originated from the observation that a freely discharg-

e cone has an expanding rather than a parallel jet. 

Throatiess tubes were experimented with, and a suitable 

design developed for which the coefficient remained 

virtually constant at normal flows and fbr normal pipe 

sizes. Thus. the Dali tube, designed by Mr. I. a. Dali 

of the Kent Hydraulic research teams developed. This 

differential pressure producer was first manufactured 

in 1946, In the year 1956 a. L. Torrisen studied the 

characteristics Of the Dali Flow tube and verified the 

claims of the manufacturer 

THEQRETICAL ~.NixLXSIS QF BS I PROBL 14S 

In its simplest form a differential pressure 

type flow meter consists of a detecting element operating 

in conjunction with a measuring unit. The detecting 

element is constituted by the differential pressure produ» 

c ing device$ which is inserted into the pipe line through 

which the fluid to be metered is passing. this is esser-

tially a flow restricting device 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-  3, 

ssure produced. In all cases the basic principle under,-
lying operation of these meters (except pitot tubes) 

is that an increase in the velocity of flow is accompanied 
by a decrease in the pressure of the fluid under consi.» 

deratlon, hence the derivation of the term 'differential 

pressure meter'. The required increase in the velocity 

is obtained by decreasing the net Cross-sectional area 
of the flow. 

FLOW CHARACTERISTICS: 

Theoretically, there will be three conditions 
of flow possible when fluid flows through a closed con- 
duit. 

1. Strean.1jne or viscous flow. 
2. Combined viscous and turbulent flow. 
3. Turbulent flow. 

The condition I can be obtained at very low 

velocities and the only forces causing the reduction 

in pressure in the direction d'f flow are those due to 

the shear stresses within the fluid itself. The stresses 

are set up by fluid in one plane sliding over the fluid 
in the adjacent planer  and they disappear immediately 
the fluid comes to rest. This condition of flow is only 
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possible in a pipe of uniform cross-sectional area. 

In the turbulent flow region, however, discrete 

particles of the fluid behave as separate entities which 

superimpose, across the velocity gradient, a multitude 

of vortices and cross currents. The velocity gradient 
is now no longer entirely dependent on the viscous shear 

between successive layers of fluid, but is influenced 

by the movement of slower particles travelling away from 
the walls of the conduit and in so ding they accelerate 
the slower moving particles In their path. Under these 
conditions the pressure drop in the direction of flow 
is directly proportional to the change in Kinetic energy 

of the fluid viscous foxes are still present, but their 

effect is negligible. 

' der the viscous flow conditions, the pressure 

drop is directly proportional to the velocity of flow. In 

the differential pressure flow devices*  this condition 

of flow cannot exist. Because due to change of cross. 

sectional area of the flow, there is a change in the 
direction of stream lines and hence there is a change 

in momentum. Strictly speaking, even at low velocities 

through a differential producing device, in practice the 

flow characteristics is a combination of viscous and. 

turbulent, but the viscous forces may be so great that they 

A 



predominate. 

Generally differential pressure flow meters 

a re designed to operate entirely within the turbulent 

flow region. Hence in this chapter, the equation for 

turbulent flow is given more Importance. However, the 

other factors that enter into t aeprobieta have been also 

duly considered. 

FLOW E+dI kNS: ~» 

The bllo4ng theoretical formula may be derived 

fl om Bernd ulli equation and the equation of C ontinuity 

for the ease of incompressible ` uids(2) s 

V 	•`" 	j  

Th -~ KL 	L 

This may be written as 

C . V2 	 /2zs+@4)J 

and the rate of flow is exposes :ed by 

rn  w 

The relation between CD and ¼ is easily found to 

6• 
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be 

/ d(_)mkL 

All4wance must be made for possible roughness.. 
coefficient . Finally the volumetric rate of flow is 
given by 

when the fluid is considered as compressible, an addition 

correction takes for compressible effects into considers. 

Lion, The weight rate of f .ow for compressible fluids 
is expressed by 

W 	CCJ (AZ 

1L 

DISC 

 

ION: 

/ 2 	p _ ; 2) 
	

(6) 

The aernoulli theorem is usually the foundation 

for calculations in the field of fluid flow measurement. 

In its convent iai form it represents the law of conser-
vation o f` energy and does not take into account (6)  a 

1 Irreversibility due to friction, impact etc. 

2. Varying velocity distribution across the cone 

duit due to the state of turbulence, which can 

be fundamentally related to the Reynolds number 
and roughness of the wall. 
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3. Curvature of the flow filament which may lead 

to separation of main fluid stream of the wall 

surface of the measuring device, resulting is the 
contraction of main stream and eddy formation, 

4. A displacement of boundary layer. 

These conditions which are mainly due to v°is-

c,) city influence, differ from those of irrotational. 

flow, the latter being a basis of mathematical approaches 

to fluid dynamics. Inspite of these limLtations, import-

ant conclusions can be drawn from potential theory,parti-

cutarly fbr fully developed turbulence, when viscosity 

influences may become irrelevant, This statement May 

be considered a paradox in the case ',f a fully developed 

turbulence with its high verticity. 'everthless, the 

experimental results closely approach calculations based 

on irrotational flow. 

COIUCTION C O EFFIC I T FOR NON UNIFORM VELOCITY VARIATION 
IN PIPS S TIGN ..  . 	

J 

The value of correction coefficient 	used 
in previous equations is due to nor- 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 section plus the losses occurin.g 

between the two seetiDns. Since the quantity flowing 
past each section is steady flow durin.F the same time, 
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interval is same, the average energy per pound of fluid 
at any section is equal to the average at the second 

section plus t:xe losses between the two sections, This 
average energy at any section may be easily fbund to 
be (7) 

3 

	

p + + 1 	J U d'A ~ ay. 	 (? ) 
w  2g  fu  dA 

The last term in this expression can be evalua- 
ted exactly only when the velocity vAriati n in terms 
Of dA is known. If We use the average velocity in 
e imputing the kinetic every of the fluid per pound 
of fluid flowing, we introduce an error equal to the 
difference between 1/2g C f 	y and 

f UdA 
 
	 2g 

in which U represents the average velocity, The true 
average Kinetic energy head l/2g C 	U3dA 	) is 

VA 

always larger than the average value V2/2g so that the 
former may always be expressed as a( i~2/2g • 	varies 
between 1 and 20 when 6 ,e 2 the velocity varies 
paraboliieally. 

ISCUsSION; 

tt will be elear from the above considerations 
that we are using the formula for flow calculations 
with the assumption of irrotational flow. 	Mare over 
the flow at the walls of the pipe line is not irrotational I 
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and a little more consideration of this effect will be 

given in Chapter 3, 

in the present problem, the meters are installed 

almost horizontally, hence the variation of datum head 

is not there. Again the metering fluid is water and 

it is tacitly assumed that them is no variation of 

density under the normal operating conditions. Under 

this circumstance, the flow equation may be written as 

..,... 	(2i) 	is 

PRIMaRY LEM S .. CENTRI~T'(PE M.R. 

If a fluid is 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 strait line, the 
pressure of the fluid on the pipe on the outside of the 
bend will be greater than , the pressure inside. The 

difference of pressure will depend upon the density of 
the fluid and upon its velocity. It has been found by 
experiment that the pressure difference bears a reasonably 
constant relationship to the ,mass rate of flow of the 

fluid. The relationship may be expressed by the relation. 

w Y C A (63.34 	(pl - p2 ) )4 	(9) 
~1 

p in psi. 



DISCUSSION: 

There are two right angled bends on the pipe 

line of 13I' diameter installed in the senior Hydraulic 

Laboratory. Hence it was thought necessary to establish 

whether the relationship between the differential pressure 

and the discharge in the pipe line is conttant or not. 

5o two manometers were used on suction and discharge 

sides of the centrifugal pump to study the effect. More 

over the liquid being water the relationship between 

discharge and differential head may be related as 

Q 	= 12 CD  4 ( 6334 x h ) 

SI 4PLE 'a• TUBE MMOMS 	s 

With a common glass U-tube manometer the diffe-

rencé 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 

pressure differential across the meter (8) . 

During the experiments, simple inverted U-tube 

manometers were used and the direct reading of differenti 

pressure in inches were obtained. 	Frim this the actual 

difference of pressure is obtained by taking into account 

the weight of air andth.e expression for it .ray be easily 

found to be h = hm 	( . » w' A ) 	 (ii) 

11. 
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Where hm 	measure differential pressure in the 

manometer. 

h is the actual differential pressure of the meter. 
w" is the weight of air at main pressure 	ibs/aft. 

w 	is the weight o f water 	Ibs/o ft`  (10) 0 

Geometrical Similarity  The method of dimensions (8) 
may be used to determine the form of relationship between 

l4, The pressure differeri e e p12 between any two 

sections In a chosen system where liquid flows steadily 
between the solid boundaries (pressure difference due 
to difference in level having been deducted). 

2. 	The mass 9 per second crossing any transverse 
section ( M not varying with time) 

3.  the density of the fluid. 

4.  the viscosity of the fluid. 	and 

5. 'i' 	, a length that specifies the linear 
dimensions of the wails of the system. 

Since only length 1 is specified, it fbiiows 
that we are assuming any change in the length to apply 

to all lengths in the system. If the size of the tube 

be changed, it must be red ed or magnified throughout 
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being kept geometrically similar.. 

If no other variables are concerned we may write 

the relationship 

F1 (p12 , M , 1 , 	= 0 . 

he function F1 involves the variables and 

constants depending on the shape of the walls and the 

position of the two chosen points. 

Any change in units used to measure masse length 

and time must have the function unchanged in value. Hence 
whenever the variables occur in the function, they must 
occur in products that have zero dimensions w:ien expressed 

in terms of mass, length and time. 

let p a 	M b 1c 	P d Ae be such a product 

having zero dimensions. 
By dimension analysis we get 

(p 	 2 	,,~ 2 	a 	, 1 	1 	b 1 
i 	 ) 	( 	1 	Ju ~" 	} 	as th e 

,, two products . According to the van ditest method of 
analysis we find that there will be two independent 

dimensionless groups. 

Hence: 
F2 	C p12 1 	Q M 4 Z' 1 	)= 0 	(12) 
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Solving for first product and taking the square root 
and transposing we have . 

M 	- 1 ( p12 9 )* 	f1 ( M/. A ) 	(is) 

his also can be written as 

l  M 

) 	(14). 

Equation 13 and 14 show that Mu 2 (p ) 
and 	M 	/ 13 p ~ ) do not change wag a in value if 

W/114 	be kept Constant, even if N , I and eh.an. ge 

Thus either of these products has a single value for 

one value of W l.-Nand a curve may be plotted (from 

experiment or theory ) to relate either of these and 
Mu J.k . Mlis curve is general fear all liquids, rates 

of flow, and sizes of the system, provided that the 

system and two chosen points be kept geometrically 
similar. 

In almost every case, when the value of dam, 
is large ( a large rate of flow) the kinetic energy 
terms predominate, and N varies P12 approximately. 
Thus fl in equation 13 tends to a constant value. Similarly 
for small values of Imo, )A (small rate of flow) viscous 

forces predominate and 1V P OL p12 /, , then f in 
equation 14 generates into a constant and no turbulence 
is produced. 	 I 
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If the sizes of the system can be specified 

by a single variable 1, but requires more (such as 
the caste of a circular orifice of radius r in a plate 

thic knes s A i placed in a tube of radius R) the 
application of above theory would give in place of equation , 

13. 

.. M = 	(p P 	f ,~ 	.,..~. ..~Q 	R . 	) - (15) 

If fi 	is to remain unchanged in value we must keep (in 

general) ) and A /r 	and R,/'r 	unchanged  in value 

and hence all system must be made geometrically►,similar 
unless the effect of d /r and R/r on the function 
is about to be investigated. 

Consequently, if the boundary is kept geometrica,-
Ily similar and N/i )A is unchanged, the stream lines 
and eddies remain geometrically similar (unless, the 
eddies be moving and the functions vary periodically 
with time.) 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 velocity 
over the transverce section or as the velocity at any 
chosen point in any chosen direction, may be used. 	The 

prodc0t MA then is replaced by Q f / 1 Ak or 

which is nothing but Reynold's number. 
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C  O UC LUSIONgs 

From the above discussion, it is clear that if 

two meters are geometrically similar, their characteristics 

will be identical under similar conditions. Themass rate 

of flow or in the present case of incompressible liquid 

the volume rate of flow will be proportional if the 

geometrically characteristics of the meters will be 
proportional provided 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 like roughness 
cannot be precisely 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 at ained even polishing to the equivalent of a 

glass finish does not reduce frictional losses. However, 
this roughness effect is very small, but it does call 

for the introduction of a small correction, which is 

known as the 'pipe size factor'. )b re over the considers. 

tion of the dimensional analysis helps to a great extent 
in thefield of model testing. 

A SHORT DESCRIPTION OF TFiE DIFFSR NT TYPIS OF  P BRSf 

In order to have a clear picture of the different 
types of differential , pressure flow meters as regards 

I
their geometrical characteristics are concerned, it 
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seems reasonable to give a brief description of each 
type of meter. 

DALL FLOW TUBE s Fig. 3 9  The Dali tube consists of 
a short length of "i ead in ' parallel pipe, followed 

by converging and diverging sections (11), 	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. cylindrical . section on 
either 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 c. The flow 
next has to traverse the open throat slot, after which 
it strikes two more sharp edges d and e. .zit 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 
recovery cone has an 	included angle of about 150. 

The v onv enti oral 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 utilising a parallel throat 

length, the conventional form of venturi is designed 

to ensure this condition. The slot ± formed between the 
smaller diameters of two cones # has a substantial included 
angle and the lower o f two pressures is measured in 



this slot. The effect of abrupt change in contour áf 
the glowresults in a substantial curvature of the stream 

lines at the slot and this adds a "stream line' head 
to the differential head produced in acC ordar. a with the 

Bernoulli equation. That is to say,, the pressure at the 
throat is 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 is measured results 
in a local increase of pressure which again, increases 
the differential pressure produced by this device. 

Inspite of the abrupt cfhange in direction of 

the stream line of the slot, there is no break away 
Of the Jet from the walla s and consequently no eddies 
or disturbances. In fact the slot is analogous  to  the  

anti-stalling device on an air craft, which prevents the 
break away of air stream at high angles of incidents, 

The elimination of eddy losses and the reduction in fric-
tion, resulting from the short length of the cones, 
results in a high recovery. 

Du.e to the uncomplicated nature of the D _Ii tube 
contour)  in the larger sizes these detecting elements 
r+ an easily be fabricated in mild steel. Dail tube inserts 
of fibre glass f r mounting between adjacent flanges 
in a pipe line, have also been us yd for metering corrosive 
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fluids. 

Usually Dali tubes are used fbr measuring the 

flow of water, compressed air, sewage, low pressure air, 

relatively clean and noz corrdsivv gases p and low pressure 
steam eg. exhaust steam. 

VENTURI M&TER (Fig. 4). 

Essentially, a venturi tube consists of the 
followings 

if 	A converging portion, where the transformation 
of pressure into kinetic energy takes place. Lhis is the 
essential part of the pressure difference device. Accor& 

ing to the shape of this portion venturi tubes are Classi- 
fied int of 

a, 	Herschel type, also called conical entrance 
type, in which the entrance portion is converging. entrance 
cono. 

b. 	I. s. A. nozzle type in which the entrance portion 
consists of a standard, I.S.A. 32 nozzle„ 

A cylindrical throat portion. 
A divergent diffuser. This is the charac teristieg 

part of the venturi tube. Its adjunction of the converge 
ing portion allows a parties. recuperation 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 decelerat-

ing portion. The optimum value of' the divergent angle 

Is from 5 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. Disttnction 

is thus made between the fol.owirig. 

Venturi truncated with a divergent angle of 6 to 7e. 
Venturi truncated with a divergent angle exceeding 70 

Venturi nor- truncated with divergent angle exceeding 70 

Venturi nontr*cated with divergent angle 5 to 70~ 

NOZZLE TYPg VNTtJRI TUTS: ('ig. 6) 

The nozzle type venturi consists of a standard 

I. S• A. 32 nozzle,, followed by a cylindrical throat and 
a diffuser. F1g. 4 shows the characteristic of this 

device and makes apparent the essential difference b6tweex 
this type and the venturi tube and the standard nozzle, 
It will be noticed that where as in thelater, the down- 
stream pressure hole is located In the down stream 
face of the nozzle, in the venturi, it is situated in 
the throat, immediately fbliowing the nozzle profile 
and preceding the cylindrical section. The first study 

of this type of venturi was made by Schlag. Schlag and 



Jorrisen give results of nozzle venturi calibrations, 
effected between the years 1934 and 1947. A fall discu» 
ssion of all these will be given in Chapter 4. 

THE_ DOUBL ; THROAT NJJT~J 1JB$ (Fig. 6) 

A s in the Case of the Dal i tube, the function 
of this device is to give a low pressure loss chaigacteris- 
ties. From Fig, 6 It is 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 second contraction ths formed, 

by a buttress, and the pressure tappings are contained 
in this , 

THS ORIFICE PL. TE (Fig, 7) 

Figure sever; illustrates schematically details 
of an Orifice meter installation. The installation 
Consists 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 connected 

to a tLtube manometer by means of small pipes. The 
change in pressure which occurs as the fluid flows thrugh 
the once is indicated by the differerca in liquid 
levels in the two legs of the manometer. 
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The type of plate now universally adopted is 

of the square edge form . That is 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 jet and thus increase 

the pressure loss, this operation will greatly increase 
the manufacturing costs. Thus 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 is 

1/16" for mains upto Go" diameter and 1/8" for mains 

of larger diameters. 	there are various arrangements 
for pressure tappings. 

THE DbLD ORIFICES  (Fig. 8). 

The Dall orifice is a development of the Daly. 

tube. At the expense of increased head loss, the included 

angle of both the upstream contraction and down stream 
expansion are made somewhat larger than in the Dall tube 

and also reduced in length: r ` may be regarded as shorten 

version of the Dall tube designed for insertion between 
the adjacent flanges in a pipe line; the shortened ex-

pansion cone projects into the downstream pipe. The gap 

required bOtween the adjacent flanges is of the order 
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of ll inches, and both the upstream and throat tappings 

are contained in the distance piece carrying the upstream 

and downstream cones. 

THE SOUZLS (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 standard designs of nozzle are available 

of which the I. S. c. nozzle is the one most widely known. 

This is of the short form, the inlet consisting of 

'two circular arcs 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 piezometer ring may be 

used and a complete assembly can be provided in corpora-
ting both upstream and throat tappings, 

LHE Pl' OT TT 3E  (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 

instruments in 1,854• si rey and Guy give a reasonable 
summary of the history and status of informations 

,About the tubes upto 1910. 
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A pitot tube or similar velocity measuring 

device consists essentially of three parts, namely 1.. 

The head or the instrument section. 

2. The pressure connecting lines between the head and 

the pressure indicating device. and 

3. The indicating device. 

a. Pitot tubes A cylindrical tube with an open tend 

pointed upstream$ used in measuring upstream pressures. 
b. Pitot static tube: A parallel or coaxial combination 

of a pitot and a static tube. the difference between 

the impact pressure and the static pressuze is a function 

of the velocity flow past the tube. 

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

c( Y _ f,,' zr Y w 2 ~1 
Z1 	c: 	W 1 c 

Where d : f u3 a 

A V3 

(16) 

For certain applications a higher differential 
pressure is required 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 lower pressure is obtained from the 

Venturi throat, measuring point, and the differential 

head obtained is about four times greater than that 

produced by a single pitot tube. 

A greater magnification can be obtained by using 

a Double venturi tube head of the form illustrated in 

flg. 3.1. The lower pressure is now obtained from the 

throat of the inner venturi, the downstream end of which 

coincides with the throat of the outer Venturi. A flange 

may be mounted near the end of the outer Venturi., The 

function of the flange being to increase the suction at 

the outlet end of the outer venturi, thus increasing to 

a limited extent$ the amplification factor, The overall 

dbamensions of this device are of the order Of r̀ dia. 

by 3" long. An alternative design utilises of Da1i-

tube head. Depending upon the size of the duct or pipe, 

the iifferential head produced is from 6 to 14 times 

that produced by a single tip pitot tube. The flange 

of the end of the Dali tube has the function of increasing 

the amplification factor in the manner described above. 

SU~FY + F CHAP ER 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 

me historical note is also Ri 
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inside the Chapter ihereever it is felt necessary. 

2. Next a theoretical study of the fluid metering problem 
is analysed. From the analysis it is found that the 

true viscous or true turbulent flow in the closed conduit 

is not possible. There always exists some influences 

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

turbulent and the effect of viscosity is not predominant. 

Hence the turbulent flow characteristic is dealt with 
more detail, 

3. The Bernoulli theorem for turbulent flow region is 

fully discussion and the flow equations are derived. 
In the derivation, the various 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. At high Reynolds number these eoUdi-
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 
producer flow meters. Here also the irrotationa], flow 

is asst med. This assumption is valid because the effect 

of iscosity on the flow is negligible in the normal 

workin , range of the liquid which is water in the present 
case. 
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5, A dimensional 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-
c al similarity is maintained between the model and the 
prototype.. More ove.- the non dimensional factor i.e. 

I 

the Reynolds number also should be same in both cases. 

In practice, there will be some -difference from the 
theoretical value due to the pipe size far_ tor. 

6. Then a short description, of different types of diffe-

rential producer flow meters is given in order to know 
the geometrical characteristics of them. It is essential 

while in ?estig~.ting the difference in their working 
characteristics. Of course 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 these 
meters in order that while doing the comprative study 
of their characteristics, it may be of' immense help. 

8. While the Pitot tube is essentially a velocity measur-

ing instrument, It as been included in the Chapter because 
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 water„ the theoretical investigations 

are based on incompressible fluid flow. Some passing 
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CHAPTER II. 

It was proposed to calibrate the short venturi 
tubes installed in the senior Hydraulic Laboratory and 
also to calibrate the Dail tubes., The ealibratiors o f the 
short v►enturis having rounded entrance have been done 
first in experiment set ups No. 1 and No. 2. Then from 
this the calibration of the following meters are also 
done : 

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

2,. Calibration of rectangular weir of the Senior Hydraulic 
Laboratory. 

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 experiment no. 2. 

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

Therealibration of a Dall tube which was installed 
in Junior Hydraulic Laboratory is also done. A model 
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was prepared for the Dali tube of 6 inches diameter 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 is gLven at the end. The experimental observa.. 
tions are attached at the end in Appendix. 

RT PQTA S UP Nd 	C Fig. 2 and 13 ) 

Centrifugal  Pumps .. Eseharwyss, Zurich 

H = lS m. n = 97.0 T /min. 
Q 	= 220 1/sec. N = 71.5 pa. 

No. 7922. . 

The centrifugal pump as mentioned above is 

installed for the 1" pipe line in the Senior Hydraulic 

Laboratory. The crossestional view of the short venturi 
used for fiow measurement is as shown in Fig. 13. 

!Lc' 	p: 

The first and foremost problem in this experiment 
is to measure the correct 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 toss is very small 
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and is equivalent to loss of head due to friction through 

a pipe of l' long and uniform diameter 	. This 

statement is given with the assumption that thereis 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 iiI 
supports this statement also. To find the correct values 

of discharge coefficient,, the method described in 
"hapter III is adopted and the values of discharge 
coefficients, 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, 
obse°rations were taken or the head loss in straight 
portions of the uniform pipe. the distance between two 
points in the same horizontal plane, is 20.5'. 

CALIBPATIOVr OF THE MET 

The physical properties of water are determined 

at operating temperature of 740F• At this temperature 
the value of absolute viscosity A is 1. x1p~5lbsec / 

ft2  , The density of water = 62.25 lbs/cu. `t. X calib 

tion curve is drawn between Reynold's number (Rs,) D  and 
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the coefficient of discharge CD  as shown in Fig. 15 . 

It is seen from this curve that the coefficient 
remains practically constant during the operating range 
of the meter, Moreover the flow Is turbulent during the 
range of operation, The value of the coefficient of dis 
charge falls slightly at high Reynold's number as it is 
expected, 

Tk & 8}1T WATER MgTER t 

For the purpose of **relating 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. Bef'b re using he water-meter, it 
is calibrated and a calibration curve is drawn as shown in 

.g. 16. For each observation the time allowed is fifteen 
minutes. The values of water-meter readings are given in 
column 7 of the Table 1. The purpose of the use of the 
shunt water motor was that for a given water meter reading, 
the discharge in the main pipe could be obtained. 

,9-01 LU$1ONI 

A graph is drawn between the discharge through 
the water meter and the main pipe line. It will be seen 
from this graphs 1.g, 17 , the there is no good relationship 
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between the water meter reading and the discharge in the 
pipe Tine. But a smooth average curve is drawn to give 

the approximate discharge through the main pipe line. 

£ iI M RY RLE 	, 	RIF ~1L ".MFR: 

There are two right angled bends in the pipe 
line,, one is on the suction side of the Centrifugal pump 
and the other is on the discharge side of its. The manomete3 
are filled into these bends as shown in Fig, 1, to read 
the pressure differential between the two radii of the bends. 
}£hen the graphs are drawn between square root of the di ffe- 
rential head and the discharge through the pipe. Fig. IS 
gives such a graph for the suction side and Fig. 19 shows 
the relationship for the discharge side. The values o.f the 
differential pressures read in inches of water are tabulated 
in Cofumr I, and 2 of the Table 1. 

CONCLUSIONSs 

Prom Pig. 18 	Q = 1.818 (h) 
From Fig. 19 Q = 2 ,) 

where h - differential pressure .n inches of water. 
Q w discharge in cubic ft/see. 

The graphs are straight lines passing through 
the origin, there is a little difference in the constants 
in the equations because, the suction and discharge bends 
are not of the same radius , .fibre over there is some 
amount of water jca*a xcj lost through leakages in 
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bearings of the centrifugal force. Hence the discharge 
through the suction bend will be more than what passes 

through the discharge bend. 

$FFk T OF DISCHA E HS& 3 ON C+ O FFIC I1NT OF DISCBARG& 

]haring the experiment, the head causing flow 

was varied and different observations were taken by keeping 
the discharge head from the centrifugal pump constant. tie 
purpose was to ve±ify it there could be 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. %e 
coeff'icientpractically remains constant and varies slightly 

with the Reynolds number. 

ON 9N EXPERIMENT NO..].. 

The discharge coefficients found from the 
experiments are very high and there is a very slight varia• 

Lion 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 

formula. 

The bend meters are calibrated and hence with 

the help of them flow in the pipe line can be predicted 
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with reasonable accuracy. Me discharge coefficient of the 

meter is very high 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 hi 'i and 

is nearly 30%. This 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 Ten- 
turimeter and hence the pressure loss as indicdted by the 

meter is very high. Nevertheless the after sufficient 
length ahead of the meter flow becomes normal and the full 
recovery of pressure is obtained. 

ASPzRI N W_A `..tTP_ i2_ 2. 	(Fig. 20) 

Two stage c ent rigugal pump, 

Escher Wyss - Zurich. n - 2900 T/mi n. 
Hm  - 75 meters N .. 25 ps No. 7932. 

The cross-sectional view of the meter is came 
as the previous one. This short Venturi is installed in 
the pipe line connecting the pelton wheel and the two, 

stage centri ugal pump as mentioned above. Here the 
same procedure of experiment is the same as described for 

experimental set up No. 1. The water-meter is filled direct-

ly in series with pipe line. The distance between the tapp-

ings for frictional head loss measurement is ']O'-6't. , Since 
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the short venturi meter is installed in between these 
tappings, the loss in the meter is substracted from the 

reading and the remaining head loss is the loss in the 
length 8.75 ft. loth the methods of calculationsare 

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

CALIBRaTIOr4 

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

and Fig. 23 shows the calibration of the redo rdi ng meter 
attached to the venturi meter. 

After getting the discharge with the help of 
rounded entrance flow meter theory as mentioned earlier 

the rectangular weir is also calibrated. The coefficient 
of discharge from Bazin's formula agrees fairly well. 

From the calibration curve Fig. 21, it is seen 
that the discharge coefficient is high and it remains 
constant during the operating range. Moreover there is 
slight fall of value at high Reynolds" number. The result 
is same as obtained for the previous set of experiments. 

"ince the venturimeter is a smooth entrant one, the losses 
are small in the entrance cone, hence the coefficieitof 
discharge is high. 
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The calibration curve fbr water meter is drawn 
and it is a straight line. Hence for any reading of the 

water meter. The direct reading of discharge can be obtain. 

ed from this graph. Similarly the recording meter attached 

to the short venture. Is also calibrated as in Fig. 23 and 

it can gho the correct discharge for any reading exibited 
by the meter in the operating range. 

The percentage head loss .s calculated and tabu. 

laced as in column 16 of Table 2. It will be seen that the 
percentage head loss in the meter is quite small. P'br a 

diameter ratio of 0.7031 , the percentage head loss as 
obtained for the short venturi is nearly 30.5% as will be 

seen later in Chapter IV. This is obtained by experiments. 
In  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 15 of Table 2 that the 

percentage head $ is nearly same as is previously , obtained. 

From the observations it is seen that most of t1 percentage 
head loss values are nearly  equal to 9%. 

XP RSA rAL SET UP NO1  3.. 	(Fig. 24) 

A ball Floc tube is installed in the Junior 
Hydraulic 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 is shown in the Table 3. the purpose 

of this experiment was to calibrate the Dahl Flow Tube 
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and to study its pressure loss characteristics. 

A calibration curve is drawn as in Fig. 25 betty-
eon Reynold's number and the coefficient of discharge. It 
will be seen that the discharge coefficient starts to vary 
below a Reynold's number of 3.5 x 204  and at higher Reynold', 
number it remains practically constant, 1'breoaer the shape 
of the calibration curve is nearly same as the orifice meter 
as will be seen in Chapter IV. 

PRESSUR3 T; SS 

The friction factor far the calculation of frio-
tional head loss in a length of l'_9„  between the pressure 
taps fb r measuring the pressure recovery is obtained from 

the graph given in (16) . The friction factors are taken 

for different Reynold's number and for a pipe diameter of 
6 inches. The calculated equivalent head loss is substractod 
from the readings of column 3 Table 3. The percentage head 
is calculated and tabulated in Coles 8 Table 3. 

CON'CLUSTO T 

It will be seen that the head loss in the meter 
is very high. Of course it does not represent the full 
recovery of the head loss. 	cause the tappings for pressure 
loss measurement are very close to the Bull .ow Tube and 

hence full recovery of the differential head is not obtained. 
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Mare over the lengths or the straight pipe before and after 

the Dull ''low Tube are very small . Due to bends and gate I~ 
valve nearer to the meter, the flow is highly turbulent 
and helical flow pattern exists. But nevertheless the 

differential pressure produced Is quite high, as is expected. 

EXP RXMEN AL SET UP NO. 4.:' 1 	(fig. 26), 

DESIGN OF' A NEW DALL T UB& 

It was proposed to install a new Dall tube for 

a 	in diameter pipe line in the senior hydraulic laborato 

For this purpose a Dali tube was designed and was manufac-

tured in the workshop. 

GOVRRNING CONSIDERATIONS FOR DESIGN. 

The process of designing the elements of an 

installation for a particular metering problem differ from 

calculation of flow rate in that it is basically an apprt 

ximation. Thus for desi gn purposes, a detailed evaluation 

of all terms in flow equations is not necessary and simpli--

fied methods may be employed in selection of meter size 

and manometer range. On the other hand subsequent calcula. 

tion of meter factors or flow rates based on this design, 

require the use of complete flow equations with all variab.• 

les determined as accurately as possible. 

The factors to be considered are: 
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1. At the maximum flow rate, the pressure di f terenti 

should not exceed a value which can conveniently be measured 

with a manometer. Some allowance should be made for 

surges in flow. 

2. At the normal flow rate, the pressure differential 
shou?d be large enough to permit It to be read with reasonabl 

accuracy. 

3. 11en metering gases under low pressure, the pre-

ssure differential 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 fluids, the meter 
ran$e size (in inches of water) should not exceed the abso-

lute upstream static pressure (in psi ) 

he design fbr the new Dall tube was done accord-

ing to theprinciple geometrieal similarity with that of the 

Lall tube for F" pipe line installed in the Junior Hydraulics 
Laboratory. he following dimensions are obtained for this. 

	

0 	 0 

	

Inlet cane angle 4 19. 	Diffuser angle = 7 

hose angles were kept constant for both the Dail-tubes 

Other dimensions were obtained In proportion to the dimensi 
of 6" Dali tube. The relevant dimensions are given in 
Fig. 27. after preparing the drawing, it was given t r 
manufacturing. The outer casing was made out of aluminium, 
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because it is a lit metal. The inner piece being brass. 
The brass was chosen because it can give better surface 
finish with less trouble while finishing. Valuable sugges . 
tions were received from Prof. H. "lvo rd. (Guest Professor 
in Ibchanical Engineering from U. S. a.) fbr designing the 

tube to ease 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 discharge were measured for diff-
erent runs and the observations were taken with all precaur 
tions as outlined in the end of this Chapter. The observa.. 

Lions and calculated results are given in Table 4. 

A calibration curve is drawn between Reynolds 
number and the coefficient of discharge. The coefficient 
of discharge is more than unit at same readings. It becomes 
constant at Reynoid'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- 

c lent number becomes variable at low Reynold's number. 
more detailed discussion of this calibration curve will be 

given in Chapter IV, while comparing the flow meters. 

LEAP .  Lk  

The head loss in the meter is very high and 
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consequently the pressure recovery is very poor. This 
low recovery may be due tot 

1. Manufacturing defects are there in the ball 1 ,.ow 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 Dali Flow Tube being small, there is 
much of friction loss between the inlet and outlet of tube 
so that recovery is low, 

4. Dft to so many obstructions in between the pressure 
tappings such as abrupt changes of section and the reading 

portions, lot of eddies are fbrmed and this gives a high 

pressure loss. However the differential pressure in the Dali 
blow tube is quite high as Is expected. 

PR AUTI SS 

1. A great care is to be taken to fill the manometers 
before filling into the pinch cocks, 

2. In order to avoid trouble due to air bubbles which 

collected at the top of the pipe lines, the pinch cocks are 
fitted at she sides of the bottom of the pipe. 

3. No air bubbles should be allowed to be antraped inside 



the connecting lines of the manoliet ers. 

4. Manometers should be perfectly vertical and should 
contain sufficient 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. 

5. Readings are to be 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 
should be maintained. 

8. Two hook gauges are provided to take the readings of 
the rectangular weir for greater accuracy, 

9.  The readings of the hook gauges are to be taken when 
the flow in the channel has attained a steady state, he 
mean value of the readings of the two gauges gives fairly 

accurate results. Sufficient layer should be taken to take 
the correct readings. 

10. Sufficient time should be allowed between consequtive . 
runs o f the experiments to ensure theattainment o f steady 

state. In these experiments fifteen minutes time internal 



3,1. The pump should be properly provided before starting 

and sufficient time sho u? d be allowed to run the pump to 

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

The manometers used in all these experiments 

were prespared in the laboratory and they are having bore 

of 	314 in, diameter. 

SU.MMEY 0 RESULTS  . ND DISC SIONS: 

From the foregoing observations and calculations 

of the experimental set ups some important conclusions are 
obtained. .h.rougi 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 columns, 

even then the results obtained are quite satisfactory 
and a onfo rms to the results al ready obt ained. The toll owing 

conclusions are drawn from those. 

1. The discharge coefficients of short venturimeters having 
rounded entrance cone are higher than the discharge coe-

fficients of the Dati Flow Tubes. 

2. £here 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 rela►. 

tionship between the di scharge and the square root o f 

differential head is a straight line. 
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3. The discharge coefficients from Bazin"s formula for 

discharge over the rectangular weir, taking into account 

the velocity of approach are sufficiently correct to 
obtain discharge over the weir. 

4. The figure 19a and 23a show the relationship between 

discharge over the rectangular weir and. the head measured 
by hook gauges. It will be noticed that the mean coeffic. 
i ent of discharge CD  is 0.68 at lower values of discharge 
(Fig. 23a) whereas it is 0.630 at higher values of discharge 
Figure 19a. 

5. At 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 amber. 

6. The calibration curve for Dali Flow Tube is similar to 
the on flee meter calibration curve rather than that of ven-
turimeter. P►en the coefficient of discharge goes higher 
than unity at low Reynold's number.  But at higher Reynoldts 
number it remains practically constant. 

7. Percentage head loss with tap-pings adjacent to the 

meters are high,., with similar conditions o pressure tapping, 

the percentage head loss is less than that of short venturi. 

.0201.. 
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CHAPTER II I 

ALUATION OF V~~.RIABLES III THE FLOW MEA$UR3MNT. 

I NTRODmT10Ns 

First of all the theory which is used for Cali. 
bra.ting 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(17). 
The analysis for very low Reynold' s numbers and for turbu-
lentboundary layers are not discussed as they do not come 
into the present problem. During the operating range, the 
lavinar boundary layer condition exists and the Reynolds 
numbers are moderately high. 

Then the different variables that come into the 
flow metering• problems have been analysed and the assumpt• 
ions that are taken fbr solving the problems are also out- 
lined along with it. The variables are not the same for 
all kinds of fluids and for all meters. Same are important 
in one case whereas they have got less importance in other 
cases. Hence complete analysis of them is not within the 
scope of this Chapter. Only those, which are confronted 
for metering liquids at normal operating ranges, have been 
discussed. A brief outline of the factors which affect 

fluids like gases etc. have been given, 
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Th effects of different 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, 

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 sets of experiments are having rounded 
entrance cone as shown in Pig. 13 and hence it is felt 

that the th eory of such type of flow meters should be 
given here. 

This theory is based on the consideration of the 
potential and boundary layer flows in a converging nozzle, 
Curves are presented showingthe discharge coefficient as a 
function of diameter Reynold's number, with total equivalent I' 
length diameter ratio of the nozzle as parameter. The 
equivalent frictional length diameter ratio of the contrsc--

tion section flow meter is presented. The theoretical curves. 
of discharge coefficients v. s. diameter Reynold's number 
are in good agreement with experiments. over a range of 
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Reynold's number from 1 to 106 The theory provides a 
rational frame work for corelating and extrapolating the 
experimental results; it shows the effects o f contraction 
sh~ppe and location of pressure taps; it furnishe, values 
of discharge Coefficient for untested designs, and it sugg- 
ests precautions to be taken into design, installation and 
operation(17) 

AS S UNPT I ON St 

The rounded entrance flow meter in which there is 
no vena contracta will be considered here. Pig. 28 shows 
some of the configurations to which the present theory is 

applicable. In each case there is a smooth contraction 
from a large diameter to a smaller pipet 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 11imensions are assumed to be negligible 
as compared with the boundary layer thickness, only 
Compressible and steady flow is considered. 

DESCRIPTION OF FLOW IN ROUNDED RNARA1C 

We now discuss the details of the flow in a rounded 
entrance meter and how these details influence the discharge 
Co efficient. 
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Hi gh Reynold's Numbers 
r Ir r 	r ~i 	1~ r rf r Ilwlirwrlr~r w~wArr 

Since, during the operating 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 dimenn 

sions. .So we may investigate more or less separately the 

influences on discharge coefficient of the potential flow 

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

Apart from viscous effects, the nature of the pa-

t anti al flow enters the problem p ri marl 1 y in connection with 

the non-uniforr.ty of 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 curva. 

ture and accordingly, there Is a pressure gradient normal 

to the stream lines of such direction that the pressure at 

the wall is less than that on the centre line. terefore 

the downstream static pressure tap measures a pressure less 

than the average over the cross-section, and by Bernoulli's 

equation, leads to inferred velocity greater than the average 

From this reasoning it is clear that the assumption of the 

flow being non uniform in the eximt plane of the nozzle 

will lead to a discharge coefficient of less than unity 

even if viscosity were complete absent. However, the stream 

line curvature which generates this effect diminishes as 
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he length diameter ratio L/d of the straight portion incre. 
aces. Indeed$  when on both sides of the pressure taps 

there are straight sections having length of the order of 
diameter or more, the non uniformity of the potential flow 

in the plane 2 is negligibly smaii, It will be seen from 

Fig. 13 that ,L/d is nearly and hence the assumption of 
uniform flow in the potential come at section 2 is valid. 

The nature of the potential flow associated with 
a given contraction 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. Turning 
no to the boundary layer, its growth depends upon; 

1. Viscous effects. 

3. Changes in radius of the contracted section which require 

changes in boundary layer thickness to accommodate to a 
given boundary layer flow, and 

3, Pressure gradients. 

or a typical contraction section, -upto nearly 
the end of contractions the effect of falling pressure gra, 
client is predominant#  and the boundary layer becomes thinner. 
Shortly before the beginning of the cylindrical section, 
viscosity becomes predominent and the boundary layer becomes 
thicker dig, 29. 



VERY LOW REYNOLDS NU.MBERt 

When the Reynold" s number is very small p  ttheabove 

picture is modified in that the boundary layer occupies all 1  

or nearly all of the cross .sectional area. T conception . 

al picture of a boundary layer flow and potential, flow•

which may be treated., Separately is invalid. The analysis 

of this flow is not given here, since it does not concern 
in the present analysis„ 

THE DISCtARGr+,CO!`FICiE".t 

It there is no friction whatsoever in the co ntrac-

tlon,, so that the boundary layer begins to form only at 

the beginning of the cylindrical section Fig. 3, then 
Bernoulli equation gives 

	

pc 	pl 	P1 2 

Between section 1 and 2 we may ac cunt forr friction by 

analogy with pipe friction In fully developed flow by 
writing, 

	

p 	p = 4 f pP.  L/d / 	 (18) 

where t 	is a mean apparent friction factor ever the App 
length. L and is defined by this equation. 

It is called apparent because it includes the 

effects of change in momentum flux as well as of the usual 

wall friction on the pressure tap, it is called means because 

O 
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the local apparent friction factor varies with axial distant 

Now adding equations 17 and 18. 

t p = 	P / 2 112 	C 1+ 4 fAP P• 	Lid 	(19) 

The discharge coefficient is defined as the ratio 
of the actual flow passing through the nozzle to the flow 
which would pass for the same pressure drop, if the flow 
were frictionless. 	Using the Bernoulli equation and the 
continuity equation W = f AV together the equation 19. 
we get 

C D  = 	( 1 + 4 f&pp (L/d) ) 	 (20) 

Analternate expression may be obtained for the case in 

which a potential core exists at section 2. Leting 0, 
denote the velocity of the potential core at section 2, 

Bernoulli equation written for any stream line not entering 
the boundary layer is 

2 

P to P 
2 

t hat 
C D 

 

12 /U2  

and the equat ion 2p shows 

(22). 

In other words the discharge coefficient is equal 

to the ratio of the mean velocity to the potential core 

velocity at the section 2, 
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Thus far we have not considered friction in the 

contracted section, At high Reynold's number i.e. when pot 

tial cone exists, equation 21 for C D  is valid regardless 

of where the boundary layer begins t© develop$  whether 

in the contracted or in the cylindrical section. The equa-

tion 20, however, may be regarded as approximately valid 

when there is friction in the contraction section provided 

that L is replaced by L' where the later Is interpreted 

as a pseudo length equal equal to the sum of L and equival 

frictional length Leq for the contraction. 

Thus 	
- 

fr 

C D 	= 	(1 + 4 fApp. L'/d ) 	
(22)  

ANALYSIS OF MODEL IN WHICH CONTRAL"TIDN SITION IS REPLACED 
BY oUIy4NT FIQ1TIQ. LLIL  

In the model of Fig. 30 9  the contraction section 

Is replaced by equivalent frictional length Leq and the 

flow is assumed to enter the tube at section 1 with uniform 

velocity and no boundary layer. If L/d is of the order of 

* or greater this model will accurately give correct results, 

even with very rough estimates of Leq. Near x = 0 , where 

the boundary layer is thin compared with the tube radius, 

the flow in the boundary layer is substantially like that 

on a flat plate, except that in the tube there 1s a falling 

pressure gradient as compared to with zero pressure gradient 

for the flat plate in an infinite streams  However the 
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theoretical investigations of (is  ) Concerning the boundary 
layer development in a tube demonstrate that in the region 
of thin boundary layers the pressure gradient has a virtuall 
negligible effect on the velocity profile and rate of growth 
of boundary layer. 

Because of strong failing pressure gradient in 
the contraction section, the boundary layer begLnning 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 longitudinal 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 latter it is known, that in a 
stream of moderate initial turbulence, the length 
Rey lde number of transition (Re) is of the order of 
8 x 35  . Experiments in the entti es of tubes demonstrates 
the validity of the foregoing argument. 

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

5 
(Re)d = 	(Re)x d/L 	d/t 5 x 13 
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In the flow meters under consideration, L/d is of 

the ,order of s accordingly, the range for which the bound- 
ary layer in the length L .ay be expected to be completely 6  
laminar is of the order of 30 M ny flow meters of interest 

have values of (Re) d less than this. Therefore we reach 
the importance conclusion that the assumption of laminar 
floor upbo the downstream static pressure tap will cover 

many practical cases. 

The laminar flow In the entry of a tube has been 

investigated theoretically by Boussinesq, Schiller, Atkinson 
and Goldsstein, Langhaar, and Shapiro, Seigel and K .ine. 

1̀11 these investigations led, by different metklods, to result 
which agree within a few pert ent, and all may be considered 
to be substantially correct. The experimental results 

2 	 -5 
carried out in the range of (Ee) x / (Re) d between 10 
and 3

-  , yielded a mean exponential curve expressed by 

4 t'ApA  d/d) = 13.74 (Re) x / ate/d. ) • ) 

which agrees with Fig. 31. 

BOUNDARY  LAYJR WITH PARTI .t T URBUL-SN S: 

Experiments in the entttes of tubes indic ate that, 

other some peculiarities associated with the onset of tur- 
bulence upstream of section 2, the local apparent friction 
factor in the turbulent zone 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 

off 	in the turbulent zone decreases 	Slightly and A pp. 
gradually approaches a asymptotic value for fully developed 

turbulent pipe flow. 

QUIV LEN F iICTIQL - LEITH OF CON'PRACTED SECTIONS 
1YWrtnYyww• 	~ 	rr IIYII riW IYUr~rwrr~+>•OYrI I~f1 Y*i^r Y"+~IMrrn 

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 cylindrical tube of length L, will 
lead to a discharge coefficient indentical with the disch-
arg6a g eteffici ent produced by a actual combination of 
bell mouth and the cylindrical section. 

PROCEDURE TO FIND Leq. s 
r r nrr r.r..wr~ 

1. Boundary layer theory is applied determine the 

boundary layer proper ties at section L any from equation 

21 the discharge coefficient .CD 

2. Inserting the latter in equation 22, the value of f App 

L" /d is computed. 

3. From Fig. 31, the value of L' /d may be found. 

4. By substraction of L/d,, the value of Leq/d is computed. 

The eauivalent length of contraction depends both 
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on the shape of the contraction , and on the diameter r 
Reynold' s number (Re) d. The results obtained are for 
standard ASMM elliptic contour shown in Fig, 33. 

Since the contour of Fig. .33 is 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, 33.1 
may offer with i:tt'1'èc error be used for contraction contours 

For our present purpose the significant result of 
the potential flow solution is the velocity distribution 

at the wall shown in Fig. 34 in dimensionless terms. The 
description for the solution of equivalent length with the 
help of potential flow solution and boundary layer flow 
solution is not given here. The reference for such proce- 
dure is (17). The results of these calculations are presen. 
ted in Fig. 35 where Leq/d is plotted against (Re)d for the 
5th approximation . The equivalent length decreases fbr a 

6 value of about 0.56 at (Re) d 10 to value of 0,25 at (Re) d 
= 1000. 

Shape of Contour: 

The contour of the contraction section Influences 
the equivalent length of the latter. lbst important, hoer. 
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on the contour determines whether the flow in the nozzle 

is laminar or turbulent and whether the flow is fully 

attached a separated. if the wall pressure fell mono-

tonically#  then there could be no boundary layer separation 

and in addition, boundary layer will be entitelY (a minor 

in the flow nozzle a .cept at avert' high Reynold" number when 

the adverse pressure gradient I  which is almost inevitably 

present is sufficiently large, however, there may be bound- 

ry layer separation, there may ba tranition to turbulence 

Olt theye may be both. Faith fuly prodttion of the pres-

cribed contour is essential, otherwise the adverse pressure 

gradient might inadvertently be accentuated, leading possi-

bly to boundary layers transition and a radial chaxLge in 

discharge coefficient. 

POSITION OF DOWN STREAM  TAP s 

It would seen desirable to place the downstream 

static tap in a region where the stream lines no longer 

have curvature, According to fig. 34, This sets the mini-

mum value of L/d at about 1/4 . In additions there should 

be about 1/4 diameter of straight section downstream the 

static tap , Accurate location of .pressure tap is very ice» 

portent. For a change in value of L/d, the coefficient of 

discharge is also changed. 

RRUGHNRSS OR INITIAL TURBULFXEs 

.Either wall roughness or initial turbulence will 
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decrease the value of (Re) d at which point a laminar transi-_' 
tion~ moves into the flow nozzle. Either of these Oceurenc•es 
by changing the friction factor, would alter the discharge 
Coefficient. 

Examination of the equation 20 shows that the aceui. 
racy required in 4 Tapp L/di 	the term computed by flow 
theory, depends to a large extent to the value of CL. It 
an error of less than one percent in C is required and 
the value of CD is 0.9 , the error which can be tolerated 
in 4 fkpp 	L/d is U percent and in Leq 22 percent. 

These considerations suggest that the calculations 
silcould be particularly accurate and the effect of minor 
changes In contour and initial boundary layer is very 
small when 
9., 	the value of (L' /d) / (Re)d is small. 
2. 	the value of L is large compared to Leq. 

Obviously aft er * of these applies beyond the point where 
the transition to a turbulent boundary layer might begin. 
If conditions 1 and 2 are met, then it also follows that 
the curve of Fig. 35 can be used to predict discharge 
coefficient for other contours with excellent accuracy 
provided transition does not occur. 

USE OF .BUT E THEORY FOR SOLUM ON OF DI$CRA}E C©$FFIC IENTS 
IN_ EXPERIMENTAL SET UPS th. I- and loo_ 2_ 



VALIDITY OF USIÜ TH TIH SORBT ICAL ANALYSIS - 

Exper  iment et  

It is seen from fig. 13 that the length of the 
cylindrical portion after contraction upto the law pressure 

tap 2 is 6". and the diameter of the throat section d 
is 9k' . Hence L/d = 6./9* - o.65 . Hence since Lid. ratio 

is nearly 1 9 the above analysis is applicable and the 

boundary layer flow may be assumed laminar. 

The length of the cylindrical section beyond the 

pressure tap position is nearly 2 inches. So L/d ratio 

beyond low pressure tap is 2/925 and it is nearly equal to 

*• 

The maxi mum Reynolds number (Be i) In the wo rkin g 
5 

range in found to be nearly 6.25 x 30 and correspondingly 

the throat diameter Reynold's number (Re) d is nearly 9.3 x 

106, 	-is number is obtained by assuming the coefficient 

of discharge to be unity. Hence In the working range of 
the meter the Reynolds number cannot exceed thin value. 
It is seen that this value is less than 306 which sets a 

limit for the application of the above theory. 

From the above considerations it is quite evident 
that the theoretical analysis can be very conveniently used 
to obtain the discharge coefficient for e~Werimentel setup 

No. 1. 



ZXPr..RIMENTA L SET UP No. 2. 

Let us now see whether the above theoretical 

analysis will hold . good for experiment N. 2 . It will be 

seen from diagram 20 that the L/d ratio befb re 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 u! and this is much less than the 
limit Of i 6, Hence from the above consideration the fi 
theory discussed will apply without any doubt, 

PROCEDURE FOR CALCULATIIr DISCHBCQEPFICIENTSt 

It really becomes a difficult affair to predict 
discharge coefficient of the meter when it is not possible 
to measure the discharge directly. Because the coefficient 
of discharge varies more or less with thecharacteristic 
dimensionless factor Called Reynolds number which is 
dependent on the quantity of flow. Due to this interconr -
ecting relationship of both the unknown quantities that a 

dial and error method using s+t essive approximation is 
applied. he procedure fall+ wed is as given below s 

1. First of all, it is assumed that the discharge coeff Bier 
obtained 

i s unity and the Velocity V2  isL M from Equation 2. 
From this the Reynolds number (Re)d is calc ulated. 

2. Since the flow theory for rounded dnt rant a flow meters, 
can be applied in this case Fig. 35 in then used and 
or 
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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 is found out, 

4, The value of L' found out above Corresponds to the throat 
diameter d,t. 	he frictional head loss corresponding to 
the equivalent length L' and diameter + Of d is the loss 
between the high and low pressure taps. Since the measure. 
ment of frictional head loss is done on the upstream side 
where the diameter is D, it is now essential to find the 
equivalent length Li  f©r the pipe of diameter D such that 
the head loss in both the cases remains constant. 

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

4 f2 L' V2 
h f 

2 g d, 

and the head loss due to friction in pipe of diameter D is 
4 	l  712 

h f  - 
2 g D 

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

L = f2  ' 	D  3 
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6. The values o f ' and f1 depend on (Re) d and (Re)]) 

respectively. Hence with the values of Reynolds number 

obtained earlier, these values are read from Fig. 36. 

Note on F.pure 3~a_ Alae valuesof friction factor 	obtained 
from figure 36 	corresponds to four times the values of 
used in the above equations. For turbulent flow a simple 
mathematical relation does not exist for the variation of 
the friction factor with Reynolds number. The condition of 
the pipe walls, a difficult thing to estimate with reasonabl 
accuracy,, causes complex degrees of turbulence and different 
values of f fbr the same Reynolds number. For various types 
and conditions of pipes the friction factor f can be 
expressed as 

a 
f 

(Re) 1' 

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. he accuracy of 
pipe friction calculations is decreased by unpredictable 
changes in these roughness factors. Hence the general 
average values shown in Fig. 36 are Considered  o f satis fac.. 
tory accuracy. The values of f are taken from curve c 
of Fig. 36 for commercial pipes. 

7. When the equivalent length Li is calculated from 
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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. 

8. After getting the head lost in the meter, the discharge 

coefficient is obtained from 
h-hf 	 (24)  

9. But this is not the correct value f coefficient Of 

discharge s  because we have assumed the Reynolds numbers 

corresponding to no friction conditions which are higher 

than the real conditions. Hence, again this value of CD 
as obtained from equation 24 is put in equation 2 and the 
similar steps are followed as mentioned above. This process 

can be repeated till the convergence in the value of CD 	is 

obtained. 	For the present case 	three success'" calcULa 

tions give quite satisfactory results. 

EVALUATION CAF VARIABLES t 

Before a flow equation can be applied to a specific 

metering problems  each of its variable terms must be evalua- 

ted. The basic field data that are necessary are given 

belows 

Installation Details% 

1. Make of flow meters and principle of operation. 



2. Maximum differential range of meter, 

3. - 	Type and exact location of pressure taps. 

4.. 	Position of pressure tap at which static pressure Is 

measured. 

5. Internal diameter of the pipe D. 

6. Throat diameter d. 

7. Sloping of meter cormecting lines. 

g. 	Nature o f Internal surface. 

1. Temperature of the flowing fluid. 

2. Temperature of meter fluid and sealing fluids. 

	

2. 	Barometer pressure. 

PHYSICAL PROPERTIES: 

	

.. 	Specific gravity for manometer and sealing fluids. 

	

2. 	Viscosity at operating temperature. 

CONDITIONS AND FACTORS iICH AFF1T THE SOLU1ION OF 

It the meter under consideration ie designed for a 
particular condition, but it operates under a condition 

far away from the designed condi tions, then it will not 

give the same results. The factors which bring such 



troubles are primarily temperature and meter metal. Hence 

in order to accommodate such inevitable changes a multiply«- 

ing factor called Meter area multiplier is used in the 
flow equation. Under normal operating conditions it is not 

required. 

DISCHARGE CO FFIC RENT - C 

The discharge coefficient is a function of 
1. 	Location of pressure taps. 
2, 	tt ameter ratio f 	d/D 

3. Pipe size D. 

4. Reynolds number (Pte) I? which depends on pipe diameter 

D, flow rate W and viscosity /A 

5. Viscosity depends on flow temperature and nature 

of fluid. 

In our ease it is unity, because we face water as 

incompressible at ordinary temperature. However, where 

the flow temperature and pressure are relatively high with 
respect to the critical temperature and pressures  the liquid 

becomes significantly compressible, Gassy(23)` cites an 
example of the metering of liquid propane {at iSOO psi a 

and 16o°F ) in which failure to correct fbr compressibility 

would have resulted in a calculated floc 8.8 percent lower 
than the actual flow. For gas flow measurement it is an 



6?. 

important factor. It is a function of 

a. Location of pressure taps. 
b. Flow pressure. 
C. 	Differential pressure. 
d.. 	Diameter ratio 

e. 	Specific heat ratio k which depend on 
1) Flow temperature. 

ii) Nature of fluid. 

It depends on flow temperature, .ow pressure and 
Nature of fluid. 

In the present cases of experiments the density, of 
water is taken as 64.25 lb/ft3 at 74OF, 

T OL?R. E3 F4 FLOW 	 ' ULA2ID NSa 

No two meters can be expected t o 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 magnitude of these 

differences for well established meters, the limits of 
errors or tolerances of the various factors entering into 

the measurement of flow rates are given below ($), 

Factors 	 Tolera1ce qualifications. 
,.....~....~,,,. percent.   
Differential  pressure 1 2 to 1 0.2 Dec rea .tng as 



differential pressure 
increases. 

Static pressure 

Fluid temperature 

Diameter of Throat .  

2 to ± 0.2 Decreasing as pressure 
increases. 

± o.5 

0.1 

	

Fluid density 	 0.l to #0.2 Except near criti.- 
cal region. 

These tolerances do rid; include accidental and systematic 

errors of observations. They give either 1, the most pro- 

bable differenfe that could be expected between obsensibly 
duplicate installations 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 can be calculated 

by the law of Combining Errors (i.e. multiply each tolerance 
by the power to which the factor it represents enter into 

the flow equation. Then take the square root of the sum 

of the squares of the each factor) . Br this means the 

most porbabie departure from 140 percent accuracy can be 
predicted., although in certain cases the actual error 

may be smaller or greater. 

T 0 FAN 	OR 	FFIC I~E'T OF Di R Rt t 

In order ► predict the tolerance of CD a large 
number Of different diameter pipes are required and the 
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meters to be used with them should have same area ratio 

m. Since these meters are not ava .fable, edperimental 

results are not possible. But a theoretical consideration 

for it seems to be necessary, because thetolerance figure 

for a single meter installation gives the meter user a 

little idea as to how-3 it will operate and with what 

ac curacy y. 

According to Dr. Witte, the basic tolerance fbr 

C D  is calculated in the following manner(24)  

For a given value of area ratio "m' the coefficient 

of discharge coefficients were obtained as function of 
Reynolds number for several series of tests, each series 

corresponding to a given pipe diameter. A average curve 
was drawn for each series of tests, thus compensating acci-

dental errors. For all normal curves, a normal curve was 

obtained$  valid for the given Value of 'm' and all diar 

meters* The tolerance was taken equal two twice the scan 

rd deviation. It seems to be general consensus that the 

'tolerance' defined as -twice the standard deviation is acc-

eptible both to the manufacturer and to user of flow meter 
trig devices. It should not be forgotten that the statisti-

cal analysis should include only tests made on equipment 

constricted and installed in accordance with modern stand- 

a rds. 

t relatively large Reynolds number, the 'basic 
r orifices and 



varies from I to 1.8 percent (higher figures being for 

larger values of area ratio rn for flow noz2les. 

For Herschel type venturi tube, the tolerance for 
coefficient of discharge is p.75 percent for pipe diameters 
between 4 In to 32 in and Reynolds number (Re) D above 
200,000. 

INFLU E OF FACTORS ON COEFFICIENT  OF DIScHARG& 

Coefficient of discharge is function of 

1. External factors% 	of t  • entry velocity, distribution, 
dependent on installation pipe 
roughness. 

2, Internal factors 	d. m meter geometry, construction 
ratio. 

KL Eat ry losses (shape, ro 

ness etc.) . 
0( )_ throat velocity distribu• 

ti on, (shape and area rat 

Variation of CD  by external effects C 	) 

The coefficient , depends on the velocity dis.- 
tributlon at inlet to the meter, which is governed by the 
flow conditions  upstream in the main pipe. In practice, 
the affect of upstream bends , valves, transitions etc., 
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upon the velocity distribution, will have to be allowed fora 
and this is usually best done empirically. Some times the 
error caused by such fittings are as much as 5% if the 
contraction ratio•' m' is large. The turbulent velocity 
distribution and hence 0i are functions of the friction 
coefficient A (4 f) Typical velocity distributions are 
shown in Pig. 37 for various values of 	.A 	• It will be 
seen in Fig, 38 that o(, increases with A approximately 
1 inearly. 

Because A is a function of either (Re) D or R/D 
for smooth and rough turbulent flow regimes respec tively, 
alternative scales of (Re) D and /D 	have been added in 
Fig. 38, For normal range of (Re) I) and roughness ratios 

encountered in practice X lies between 0.91 ar 0.4 with 
corresponding values of of ranging from 1.03 to 1.11 as 

1) increases, hence C D  increases. Thus roughening 
the upstream piping increases C D 	at first sight a rather 
paradoxical finding but neve theless borne out in practice. 

Variation of CD  caused by internal effects a 

It is found that the changes In CD  caused by 
2 variation in 'm' should be very small (because 1- C 

This explains why it is usually possible to manufacture 
meters to within close limits on 'm' that associated 
errors in CD  are negligible. 
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Provided m is small ( 	0.3) and the nozzle 

is smoothly faired into the throat, the practical value of 

is very close •to, 1. 

Prediction of Kt for venture - It is spun of 

a. C7l .ndtteal pipe. diameter D,, length. 1)/2. 

b. Conical tapering from D to d. 

c. Cylindrical pipe, diameter d, Length d/2. 

It is difficult to calculate accurately the 

losses in parts 	) and cc) . It. the total 

head lost is written 

gar z_.~ 	 ~ 
' 	 d 	2g 

/29r 
 

d 

Similar result can be obtained by dimensional 

analysis. This assumes that the friction and Kinetic 

energy losses can be included under friction coefficient 

By analogy with pipe flow it would be expected that 

K and. ' 	erefb re CD both vary with (Re) d. and rough-  

n; ratio ( dam ) where 

roughness of the meter. 

E denotes the effective 

Variation of CD with 'ought ss and Times 

Although the "internal' and external effects of 
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roughnning act in opposite directions, the latter is 

usually negligib] compared to the former and So the net 

result in practice is usually that CD decreases with time. 

Cole brook and ite have shown that  the increas-

ing surface roughness of water pipes caused by the deposi-
tion of Itme or other nodules can be represented by an 
empirical formula. 

£o +T 

Where y is a Constant depending on material and PH value 

of water. Z = 0.025 in/annum for the roug inning of cast 

iron pipes in water o f average alkalinity (pH = 7). 

RELATIVE 	 OF FACTORS nAc I UD NINt C 	(4) . 

Considering the variation of CD  with the factors 
in equate. on 

V 	XL 	 I 

and differentiating together with the approximation that 

CD 	1 gives 
C D3  	!P - - a 

oC 	2- rn 	f m 

r  1'n 	 l — m 

Usually d i C D > 



p — G D 	~... _ 1_ 	r--~ p 

C ONC LDSIONs 

Hence as of increases CD decreases uneven 

velocity distribution increases CD 

as m increases CD increases (effect is small). 

as KD 	'e 	" 	decreases (increasing nozzle loss 
decreases CD ) 

as 	2- " 	" 	decreases (uneven velocity distri- 
bution decreases CD 

*bØ minimise all these effects m should be. 

less than 0.3 

Comparing the relative importance of various 
effects, denoted by H with appropriate subscript 

Em Ci-  apt) 

-- ~—~y L 
Ea(, 

For m = 0,25 , , 0(l can bio between l,02 to 104 

CD 	0.975 to 0.990 depend i on size end (Re) D 

Hene e 

-0. i6 	L + 0.16 
E o< < 

~ii 
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Thus it is seen that the effect of in is less than 
41  , which is in its turn is much less than the effects 

o f KL and c (which are 16 tbaes C(' 	and in the oppo- 
site direction). 

The above consideration gives us an insight as to 
why the coefficient of diseelarge decreases in case of Dail 
Flow Tube. Because in this case the velocity distribution 
at section 2 is very much peaky as compared to velocity 

distribution of the venturi meters at the section 2. 

_DI.kFUSIH:. 

1e,  conical diffuser is the characteristic part 
of all differential pressure f .ow measuring devices (except 

pitot tube), It allowa a substantial part of the difference 
pressure to be regained. In thefirst venturi tubes built 
according to specification given by Herschel, the angle 
of opening of diffuser was 5 to 70  . This small value 
led to fairly long devices. The choice of small value was 
Justified by the necessity of maintaining low pressure loss, 
These losses are primarily due to eddies that are created 

when the flow separates from the wall of the diffuser. 

A few years before the ware  German manufacturers 
suggested cutting the diffuser at a downstream diameter 
smallet than the diameter of the pipe (truncated) Beckmanr 
has shown that such a truncated diffuser may allow the 



same amount of recuperation as a non truncated type. This 

is also confirmed by some of Rupel's experiments. The 

t rune at ed diffuser, of course, is a aye advantageous both 
for space and economy . %e length of standard truncated 
diffuser may not be smaller than the throat diameter d. 

From the above Considerations it is clear that 
the pressure recovery is not aVfted mash by truncating 

the diffuser  cone.. This truncating which is also used in 
Dali Flo r Tubes is not a new idea due to Daly, as this was 
known before. Hence the high pressure recovery In the Dail 
tube is quite evident. 

T 	IM O F DIFFUSERS  (4)  

The rating of various diffusers is largely dependent 
on the residual pressure lass. I. Germany a differential 
pressure is measured between pi ezometer openings a t situat 
at a diem e D upstream and a distance of 6, 7 or 4 times 
D downstream from downstream standardized pressure connection 
for m = 0.1 9  0.25, 0.EO respectively for truncated 

venturi's and D down stream for non truncated venturic. 
The ratio of differential pressure thus obtained to the 
differential pressure between the two standardised connea. 
tions is conveniently $ alied `ratio of permanent loss'. 

It seems more rational to adopt the method recommended by 
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Marchetti an Ferrog],io. The pressure difference is 
measured between a section situated upstream and a section 
downstream from the venturi. 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 differential pressure is substracted 
the pressure loss in a pipe of diameter D and length equal 
to distance between two sections. The difference is called. 
the 'local venturi  loss $ fa" 
sled, not in absolute value, 

This loss is generally expr+ 
but by its ratio to the chiff. 

erential pressxure h of the venturi as h" /h 

The venturi pressure loss is a function of 
Reynold's number; according to Marchetti its value is 

25 2 
0.052 - 0.25 m 	

1. 
	(./m2 ~- i) 0.25 

(Re)D 

for differs suers of 70 opening and non truncated type. For 
truncated ones, the recommendations of Helsinki give 
Figure 39 (function of in). 

The experimental evidences which have been 
established' fb r diffuser are OL dined bejows 

1.. 	The minimum percent head loss for recover cones 
in Venturi meters depends on both the cone angle and the 
tatio of the cone entrance diameter to exit diameter (,8). 
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2. Truncating conical diffuser may result in i.nc real 
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 angle that will 
give minimum percentage head loss, 

4. Diffuser of curved walls instead of cones, bent 
of the same length, can be expected to give different 
percentage head loss. 

5. 1maChined cast cones may in the vicinity of 80 
total cone angle, be expected to give but a slightly higher 
percentage loss than smooth s ur?ace rolled, steel cones 
of the same total length. 

6. Grease on the walls of the certain recovery cones 
tends to increase the percentage head toss. 

7. Fig. 40 shows the effect of recovery cone angle 
on percent age head -loss. It will be seen from the figure 
that for lower values of ~3 	the percentage head loss 
increases more rapidly for increase in the value of cane 
angle. 

S ►' + B3 OF Rd 'JNDI r S 2.t3 1 ELG ES OF DALL FLOW TUB, 

Tests were made to determine the effects of rounds 
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the sharp edges in a Dali Flow tube(4)  . An 8 in x 5.85 
tube was used for the test. First the tube was calibrated 
as manufactured. Foll Ling this testa  sharp edge at a Fig, 
3 was slightly funded with emery cloth. The coefficient 
dropped 0.4 percent. Sharp edge of a at the leading edge 
of the throat slot was next slightly rounded. There was 
no further change in the calibration . The edge at the 
downstream, side of the slot was then slightly rounded and 
again, there was no further change in the calibration. 
In view of the small change affected by imparting a 
slight radius to three sharp edges, edge a was machined 
to 1/16 inch radius. 	The coefficient dropped by one perc en! 
below its original value (0.6 percent more drop than for 

slight ro unding) A 1/64 in radius was then machined at 
edge c, and the coefficient increased 0.4% making it 

0.6% lower than the originally. Finally, a 1/64 inch. 

radius was machined on edge zf d and the coefficient rem-

ained 0.6 percent below its original value when all edges 
are sharp. 

C CNCLU loNt 

The rounding of sharp edge at a helps the velocit 
distribution to be smooth and hence the value of at 
decreases. The decrease of value of a► necessitates 
increase in the value of CD  but there is increase in the 
value of ILL  due to boundary layer growth. Since the effec 
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KL is more prominen than the effect of c(. I  the value 
of CD decreases finally. The fact becomes more p rond.nent 
when the edge is machined to 1/16 in. radius. The 
rounding off of edges b, d and e do not change the 
coefficient of discharge. The rounding off o of edge C mnc. 
reases the coefficient discharge which in otherwards means 
that the value of 	is decreased. 

S .RY aF CHAPTER III. 

1. The theory of rounded entranea flow meters is used to 
calibrate the short venturis installed in the senior 
Hydraulic Laboratory. It has been shown that this 
theory is fully applicable in the present Case. 

2. The steps for calculation of coefficient of discharge 
are given and this method of calculation involves successive 
approximation , This method is .adopted because it is not 
possible to have direct measurement of discharge as has 
been already stated. 

3. The values of iction factors which have been taken 

from referere 16 are quite satisfactory. Because the 
values of friction fa tors obtained after calculations corn.. 

pare favourably with those taken from 'ig. 36. This gives 

an indirect indication that the theoretical and experimental 
investigations agree to a great extent. 

G2-776 
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4. The different variables that enter into the flow cal.- 

c ulations have been outlined. It will be seen that , the 
downstream low pressure tap conditions have got more effect 

than others, 

5. The variations of coefficient of discharge have been 

discussed.. It is been that the effect of velocity dis- 

tribution on low pressure tap section has not mare effect 

than the effect of velocity variation of upstream press- 

ure tap sections. Hence in the case of Dali flow tube, 

due to the presence of slot in the throat section and ha 
no cylindrical throat section, the velocity distribution 

is suite peaty and hence the coefficient of discharge 

is low as Is seen from experiments of Chapter 11.. 

6. Choice of diffuser plays a vital role in getting favour-

able pressure recovery. For a particular area ratio m, 
there is a particular opening which will give minimum 

pressure loss. 

7. Truncating the diffuser cone also increases pressure 

recovery and hence this fact is utilised in Da .l Flow 
Lube. Hbreover for a smaller values of area ratio m, 
the change in cone angle results in a greater change in 

the pressure recovery as is seen from Fig. 40.' 

-:0:- 
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C OM 'A ►.TIV S STUDY OF DIFFER' DI FFERENTI .L PROS URE FLOW -
M~T ERS WIC H DAL L FLOW TUBE. 

11U 1©DLC TI ON: 

In this Chapter the essential difference in feat 
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 difference also out 
lined . Then a comparision on the basis of head loss 
crharacteristics of these meters is also given. pause this 
fact is of some importance to meter users, a full discuss-

ion over it is given. when the advantages and disadvantages 
of these meters are shown, It is a concern primarily of 
meter eanufacturers, because if any meter is more advanta- 
geous to the meter user, it will have better market and 
the manufacturer makes a profit. Since the discussion 
regarding the use of the meters is given fully 	in some 
test books on fluid meter, 	only a brief outline of 
it is given here. 

(1) Nssentia1 Difference Between Dall Tube and Classical Venturi 

82. 

1. The steepness of both i e converging cone and of th e 



diverging cone or pressure recovery cone is different. 

The a Dal l flow tube has an Included angle of approptmat.y 

400  and the later an included -  angle of approximately 150. 

2. The presence of a dam at Fig. 3 and the Characteristic 

location of the pressure connections, similar to the type 

commonly used. in Europe and known as earner t pes. 

• The presence of a sharp edges at slots instead 

of any sa oth curve in the Dali 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. 

. The sudden enlargement by truncating the recovery 
cones a compact instrument is obtained , the length of 

theth Ole device being of the order of two diameters only. 

C BLS BRATION CURVES: 

It is seen from the Chapter II that the coefficient 

of discharge of short venturis having rounded entrance cones, 
is very high. 'this is due to low loss in the converging 
cone as has been a{.ready described in Chapter III. 

The calibration curve of Dail Flow Tube resembles 

more like the calibration curve of orifice meter. A repre. 
sentative calibration curve of orifice meter is shown in 
the Fig. 41. The calibration curve for Dali Flow tube 
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of experimental set up no, 3 is also similar with the 
exception that there is no hump in this curve. Because 
this meter is designed such that 	under normal operating 
conditions the Reynold's number are quite high and calibre.. 
ation  Curve remains flat during that range, .Below a c riti- I 
cal Reynolds number s  theca efficient of discharge increases 
as is expected. This critical feynold's number for expo. 
riment No. 3 is nearly 3.5 x 334. Below this value thia 

coefficient of discharge increases and 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 
meter calibration curve. The Reynolds number below which 
the coefficient of discharge becomes variable is nearly 
1.3 x 1b and beyond this the normal  working range exists. 

XPLNATtoN FOR HUMP PORTION OF THE CALIBELTION CURYss 

From the curves Fig. 41 and Fig. 28 it will be 
seen that below the critical value of Reynold" s number, 
the discharge coefficient rises as the value of Reynolds 

number decreases, reaches a maximum value and then decrease: 
rapidly, so that hump results in a coefficient of discharge. 
For orifice plates  the height of' hump is related to the 
value Of fi ( the diameter ratio) and increases as /3 is 
increased there is to say an increase in the throat bore 

results in the increase in height of the hump. The reason 
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for hump is explained by an analysis of the various factors 
which determine the value of 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 i1t has passed 

through the plate, he change 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 to predominating effect of viscosity 
at very low Reynolds number. Below the critical value of 

Reynolds number the expansion of the jet of fluid and the 
alteration in the velocity distribution both reduce the 

differential head and hence the value of discharge Co.. 

efficient increases. On the other hand the viscous forces 
tend to cincrease the differential head and therefore 
reduce the coefficient of discharge. But the effect of 

viscous force is less than the effect of exp&nsion of jet 

and the velocity distribution and the combined result is 

that the coefficient 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 jet 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 is a tendency  
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for the differential head to be increased. This reduz es 

the discharge coefficient. 

For venturimeters very low Reynolds number are 

not obtained in the present experiments but it has been 

seen that at very high value of j3 t  there is a tendency 

of a hump to be produced in the 'mixed' flow region i.e. 

in the region rnjust below the critical value of Reynolds 

number (Fig. 41), 'his hump is due to predominating 

effect of alteration in the velocity distribution. It 
will be well appreciated that the jet is unable to expand, 

as it is confined by the walls of the tube. 

For Dail tubes and Dali orifices the hump in the 

discharge coefficient curves at low Reynolds numbers is due 

to reduction In the additional differential head resulting 

from the streamlined curvature at the throat. The change 

in value of discharge coefficient is more pronounced for 

larger value of 

The relationship between the discharge coefficient 

and Reynolds number in case of DallorifiCes is similar to 

Dali tubes, but the difference is that in the case of 
Dali orifices the discharge coefficient is appreciable 
higher in the region of low value of diameter ratio . 

The discharge coefficient of Dali orifice lies between 

0.6 and 0.8. 
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In the case of Double throat venturi tube the 

discharge coefficient is low. Because the parallel stream 

lines in the first throat are given a curvature in the 

second contraction as shown In figurer  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 Venturi tube. Because the 

entrance a portion is similar to' the Venturi meter. In the 

nozzle there is no ' recocery cone as in the venturimeter 

but because there is practically no effect on discharge 

coefficient due to recovery cones  the discharge coefficient 
of nozzle approximates to that of venturi tube. Test result 
show little difference in discharge coefficient for the 
various shapes of' nozzles. 

It has been stated 	as one of weaknesses of 
Dali Flow tubes that the discharge coefficient starts vary 
at a higher Reynolds  number as compared so that of venturi 
meters. For Dali flow tubes, the critical value being 
given as 2 x 105  and for venturi meters it is 4 1 14  

But from the press tt,I experimens No. 3 and No. 4 it will 
be seen that the critical Reynolds number is much less than 

4 
2 x 105. In case of Exilerimezt no. 3 it is 3.5 x 30 and 

in case of experiment no. 4 It is 1.5 x 304nearly . This 
means that the coefficient discharge variation fbr Dall tub 
is at less critical Reynolds number than the venturimeter 

case. 
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in order tog at a curve relating the coefficient 
of discharge of ball tube and the diameter ratio, a 

number of test pieces are requiree. But this is not avai-

lable at present case to establish such a curve. However 
a representative curve is given in FI g. 42, It will be 
seen from the above curve that as diameter ratio increases, 
the coefficient of discharge decreases. 

Similarly in i g. 43 it is shown that as the di a. 
meter ratio increases the ratio of Dali Flow Tube differen. 
tial to venturi tube differential increase, 

HEAD LOSS C ©MIARISION: 

In fluid metering problems accuracy and reliabiliti 
of fluid measurement are important factors. Besides then 
the other important factors which warrants consideration is 
the head loss in the matter , In cases where fluid is being 
discharged under gravity, it may not be a vita, factor to 
be considered, but in cases where fluid is to be delivere 
against gravity or to a destination where pressure of fluid. 

plays a vital role, the pressure loss in the meter is to 
considered fully, Because it pressure loss in measuring 
device will be more, then the power required to deliver 

the fluid becomes more and finally it becomes uneconomical. 

As a rule, In order to obtain lower pressure loss 
additional x t capital 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 for 

more but saves energy other factors being equal before 

deciding on the form of differential pressure producing 
device to install, on the basis of average working 
conditions, the continuous expense caused by the loss 
through the various devices available should be capitalised 
thus obtaining a guide as to whether the extra cost of 

low pressure loss device is warranted. In many instances 
it will be found that, when dealing with large volumes of 

even low pressure gas, a simple orifice plate is more exp» 
ensile in the long run than a device designed tz recover 

some of the differential pressure produced since the farmer 
calls for additional power requirements. 

From the Chapter II it is seen that for short 
venturis the pressure loss is less at small diameter ratios  
This fact can be well verifi d from Fig. 44. t re over the 

pressure loss in the Dal Tubes, Gould be expected to below 
but due to reasons al ready stated, they are little high. 
The follow ng discussion gives a clear 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 o f comuarisi• 



losses for short form Herschel typ venturi tubes are of lo 
form Herschal type varition tubes have been included in 
the same figure. These curves are plotted against dia. 
meter ratios .A . The dotted curve shows the percentage 
head loss through a Dali flow tube which .produces the same 
differential as a venturi tube with a diameter ratio indi•. 
catbilg~ 	in horizontal scale. The head loss figures given 
in figure 44 indicate the loss caused by the differential 
produ eft when it is followed by a sufficient straight 
pipe to provide full recovery. This is about 5 diameters. 
In other words, the loss is the increas3 in pressure drop 
which would occur between the ends of a straight piece 
of the pipe if the pipe were cut into two, the pieces 
separated, and the metering device inserted between them. 
For the nail flow Tube this loss was determined by measur-
ing a pressure drop between a tap 1 diameter upstream and 
a tap 5 diameters downstream of the differential producer 
and rubstracting the loss in a piece of pie 6 diameters 

long • This pipe loss was determined by test. The increase 
loss caused by inserting a differential producer in a 
section . of pipe by removing a section of the °pipe an4 
inserting measuring device without Separating the remain-
ing pipe sections (as would normally be done in an exist-
ing piping system) is less. In the case of the bail Flow 
Tube the difference is substantial. 
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Fig. 45 shows the ratio of head loss in Dail 

Flow Tube to head loss in Herschel type venturi meter (at 

Reynolds number greater than 350,000 where the ratio becomes 

constant). 

It will be noted from Figure 44 that the head. 

loss of the Dail Flow tube varies from about 0.5 to 1.3 ti 

the head loss in a venturi tube of a corresponding 

diameter ratio /3  . In other wards'  part of the phenomenal 

performance of the Dail Flow Tube is dependent on the 

increase in differential. Moweverg  thehead loss even with 

a given A 	, is less for the Dail flow tube when the 

diameter ratio is greater than 0.562. 

I  NZESTIGATi HEAD LO$ 3 IN DLL FLOW  TUB 

Some investigations has been made, and it 

sheds considerable light on the reason for the high 

di f 'erential, but it does not indicate why the head loss 

is lower than that for a venturi tube of the same diameter 

ratio. provided that this ratio is above 0.552. A test 

probe was used to explome the variation in static pressur e 

in the plane of the throat slot of 6 in. Dail flow tube 

with 0.354 /3 ratio. A U-tube manometer was connected to 

the test pr'be and to the inlet tap of the Dall Flow Tube. 

The probe was moved across a diameter in the piano of the 

throat slot. M.e probe was fitted with a slot in the 
side and was kept parallel to the axis of the Dail flow 
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tube since it was desired to pick up the approximate static 
pressure rather than an impact pressure. 

Pig. 46 shows the ratio between the manometer 
indication with the probe in various positions and the 
differential pressure when the probe was on the axis 
o f the tube. It will notic ed that the static pressure 
decreases to provide 2.4 times as much as differential at 
the wall as at the Centre the Dail Flow Tube . Further 
investigation is necessary to find out more about this 

gradual increase in differential as the probe is moved from 
the axis of the tube s  but it is easy to see that a change 
in the di-rrection of flow lines can be largely responsible., 

an attempt is being made by Dr. John R. Weske at 
the University of Maryland to photograph streamlines through 

a Dal1. flow tube made of methyle methacrylate. ' It is hoped 
that the extremely low loss of head through a Dail flow 
tube may be ell entuall y explained. 

From thehead-recovery efficiency point of view 
the order in which differential pressure producing devices 
should be pl*c ed in 
1. bass Tube. 
2. Venturi Tube. 
3. ball Orifice Plate. 
4. Orifice Plate. 
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From the head loss -point of view, for all practical 

purposes the efficiency of the nozzle is identical with 

that of theori fic a plate. 

ADVANTA .  , AND 13 D 	AC 

DALL FLOW TUBE 

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 7* % at the lowest 
ratios. There low losses represents a very con-fide ttible 
saving in pumping or compressor casts. 

2. Easier and cheaper installation than a venturi tube. 

The length and weight of Dali tube are between one third 
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 thrus easier , and often a 
saving Is Yachieved in the size of any pit or chamber. 

3. Lowe-r first cost than a venturi tube owing to economy 
in material tua and machining. Manufacture is facilitated 
by the short length and the absence of longitudinal curva-
ture. Fine mashing limits are possible and the tubes. are 
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always manufactured as a single unit. The design lends 

itself to east or fabricated constfiuction. 

APPLLIC  T 

The Dail tube is suitable for most application when 

pressure loss is important or costly, it can be used with 

any $ in (150 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. 

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

1. A standard Dall Flow Tube is not suitable for measuring 

the flow of fluids 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 tests have been 
made to determine the comparative cw„dation in venturi 
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tubes,  o ri tic es or no zz1 es 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 be 

t rue. 

VENTS TUBES: 

Advantag es: 

The main advantage is that the overall loss of 

pressure is less than for nozzles and orifice plates. This 

is important in small. The loss is usually from 30. 20 pe 
cent of the differential pressure and decreases as the 
size 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 venture tubes. A venturi tube is use-
ful in measuring the flow of slurries and suspensions o f 
solids in liquids where as Tall Flow tube fails to  serve 
this purpose. A piezometer ringIshould not be used In 
such application. 

D I  S,ADVANTAG ES: 

The main disadvantages of venture tubes are: 

1. Its high initial cost. 

2. It cannot be easily installed in an existing pipe line 
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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 v ent itri tubes. 

ORIFICE M LERs 

It has already been discussed that the calibra- 

tion curve of orifice meter resembles that of Dali Flow 

tube. Its head loss is hi lest as compared to other meters 

Since there is no recoverable part in it. 	As regards it 

cost, its first cost will be less than that of Dali of fb " 

t Ube. 

he losses in a bend are* 

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

changing from rectilinear to vortex motion. 

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

because of increased turbulence. 

3. xn excess loss in the straight portion of the pipe 

following the bend due to the re-establishment of normal 

pipe flow. This loss occurs over a considerable length 

o f straight 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 

reliability in operation i.e. indicating the flow rate may 

not be so accurate, 

7LO R ZZ 

Ewing to , the smooth entrance cane, fluids flow mo3 
easily through nozzle than an on fice so that a small 
value of 'm' can be used for a given rate of flow, The 

nozzle is therefore used in high velocity mains. 

Its main disadvantage is that owing to its having 
no exit cone it produces a large overall pressure loss, 
although 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 insta. 
ilation cannot be used where the available pressure head 
is very small. It ,  cannot be used satisfactorily when the 

value of the ratio in lies outside 0.2 and 0.55. In gas 
or steam service the ratio is limited to values below 0.40. 

P I 	STATIC TUBES  : 

Advantages: 

1. It produces no appreciable pressure loss in the main 



unless it is made large in comparision with the size of 

the mai n. 

2. It can be inserted through a comparatively small hole 

into the main without the necessity for shutting down the 

main. It is, 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 is required to site a sample tube in a flue for waste 

gas analysis. 

4, Its cost is low. 

DISADV`t Ti Si, 

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 

pit of tube, such as the pitot venturi tube and pitot ?all 

tubes is used. It is essentially an exploratory device 
and is rarely used permanently in Industrial work. 

The pressure loss produced by the devices like 

pitot venturi and pitot tube is usually negligible, 

especially in  the case where the size of the pipe is large 
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in'  comparision with the venturi or Dall tube used. 

?Tom the above considerations it is clear that 

Dal 1 flow tube, has got superiority over other meters in 

many respects. 

,. It produces a high diSt`erential. 

2. Its pressure recovery is very hi i.e. the loss 

in the meter is low contrary to the expectation. Because 

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

be more. 
3. Its dimensions is smallest amongst venturimeters of 

Long form and short forms . Hence installation trouble is 

minimised, 
4. As regards calibration, it resembles more like 

orificemeter calibration than venturimeter calibration. 

•s© =- 
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CHAPTER 7 

INSTALlATI©N, TESTING AND M.INTgNANC g OF METERS 
1 ..-~r 	1 r1 ~YIrYr MI/i41lrOrr Irr1Yb r 

I NTAODUCTIO : 
This Chapter deals with the installation, testing 

and maintenance of differential pressure flow measuring 

devices and the recording units, Generally all these factors 

are furnished by the manufacturers and the meter user has 

to follow the instructions of the manufacturers. The 

disturbances in the upstream side of the Dail 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 factors which 

c acne during the experiments have been outlined. 

IN$TALkTI ,L ~rrnr is.r■ 

Before considering fully the installation condiitions 

for Dali flow tube, the effect of upstream disturbances 

is given first. 

T}'PSTRLAM DISTURB ESs 

ball flow tube is sensitive to upstream distur-r 

banes, like other detecting elements. In many cases 

it is 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 upstream disturbances, when 

allowance is made for coefficient of discharge is shown 
in Fig. 4?, 48, 49, 50 and. Si and 52. 

Fig. 47 shows the effect of a single elbow upstream 
for three different 13 ratios. Due to elbows in the up, 
stream, the coefficient of discharge decreases ,. Fig. 48 
shows the effect of a gate valve, opened onethird, with 

its 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 Datl flow tube. -'his figure shows that the coefficient 
o f discharge increased with a gate valve in the upstream 
ode of the Dail flow tube.. 

Fig, 49 shows the effect of rotating the valve 
so that its stem took the position shorn by abscissa. The 
valve remained one third open,, it was located 50  (7f' pipe 
diameters) upstream and the inlet pressure tap was at goo  
position. Here also there 'is a increase in the coefficient 
of discharge. .Fig. 50 shows the effect of a gate valve 

with various openings when located 5 ft. upstream, with 
the stem parallel to the inlet tap. The coefficient of 
discharge increases with valve opening-turns. 

Fig. Si shows the effect of a 6 In a 8 in increaser 
ahead of Dail flow tubes of three different 14 ratios, 

The coefficient of discharge increases here also,. In all 
cases the error reverses. The 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 tiro low as 

the straight pipe ahead of the Dali tube is increased and 

finally the coefficient rises to its stand4rt value. 

'ig. 52 shows the effect of a 30" x 8 in reduces 
upstream from the Dali flow tube. The coefficient also 
increases in this case. 

A question arose as to how close a particular 

type of disturbance could be located to the throat when 

placed in the downstream cone. 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 disturbing 

object is increased beyond one throat diameter downstream 
from the throat slot. 	The coefficient was about 0.3% higher 
than standard, but this is believed to be due to test 
inaccuracies rather than to the object in the diffuser. 

~4I~C~.fiTSIANz 

From the above experimental investigations it will 
be seen that the coefficient of discharge is a 'ected by 
upstream disturbances. The reason for these changes being 

the change in flow pattern caused by the disturbing elements 

placed ahead of Dall flow tube . In all the above cases 

except the effect due to short radius elbow, it is seen 

that the coefficient of discharge increases which means 

that the differential pressure read for the same discharge 
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as without disturbance is less. As the position of dis. 

turbance is placed away from the Dali flow tuba, the effect 

neduees and the increase in coefficient of discharge starts 
falling in almost may cases, For higher a A ratios 

the increase or disc rease of coefficient of discharge is 
more than smaller, diameter ratios. 

EFFEC's 4F A1+ ENT TF,,1 RAT 	c 

If a Venturi meter or Dall flow tube is installed 
and is calibrated,, after some days it will be found that 
the calibration curve does not tally, This discrepancy 
is 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 	, 63o  and 74°  F, 

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 #het that the heat transfer coefficient for 

turbulently flowing water and still air are of different 

orders, changes o fwali 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 rmation of deposits at the 
throat. 	rise Of gas temperature should lead to a negative 



instead of positive error, since the viscosity of gas 
hncreases with temperature,, while that of water then fall; 

No effect as to be effected on the flat portion of to 
coefficient curve fbr any differential producer. Since 
a large value of venturi coefficient exists 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 ouch a venturi i reedtiVely 

sensitive to this error, 

But this effect of ambient water temperature on 

the coefficient o f meters is only at low Reynolds number 
and hence usually in the working range this does not alter 

the values. The Dal 1 tube can be installed at any angle. 
For water, flow measurement in horizontal, or sloping mains, 
the connections are normally at the sides; for air or gas 

flow measurement the connections are normally at the top-
An arrow, cast on the case, indicates the direction of flow. 

/s for other differential pressure producers 

Dall tubes sftQflld normally be installed with at least 
ten pipe diameters of straight pipe on the upstream side-

more for large ratios (i.e. large throat bonesX less for 

small ratios. Special conbideration must be gLven to insta. 
1lations where unavoidable disturbances occur upstream 

of the Dal1. tubes. any form of control should be fitted 

downstream, preferably a few diameters or more away. 



Before proceeding to fit the detecting element 
in position is the pipe, the pipes `ahould 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 necessary washers should be prepared. For low 
and medium pressure work, washers of rubber composition 
are used, and the internal diameter of these should be 
out slightly larger than the bore of the main; it is eosenti alt 
that the washers do not project into the main. Care must 
be taken to ensure that the detecting element is bolted 
into the main the correct way round. In the case o f orifice 
plates, there are marked to indicate i,ich side faces up-
stream, and it is necessary to check this point, as sometimes 
the plate is chamfered on the downstream side. 

In the case of pitot tubes the pipe should be 
drilled and tapped in the position specified and tb static 
pressure connection also drilled and tapped in the correct 
position, if this connection is required , he pitot tube 
must be inserted into the main to the correct distance, 
and the upstream orifice must be carefully be at ed to point 
truly upstream. 

In all cases isolating valves are provided for 
fitting at the tapping points. These enable the pipe and 

detecting element to be isolated, from the remainder of the 
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metering system. When an orifice plate with pipe or flange 
tappings are being installed, particular care is necessary 
to ensure that the upstream and downstream tappings are 
located in the exact positions specified. After drilling 
and tapping it is essential to remove all burrs from the 
interior of the pipe, and the screwed . ends or the valves 
or connections must not project into the pipe. 

The two pressures from the differential pressure 
producing device to the measuring unit are transmitted 
through pipes, in the matoritq of cases the metbred fluid 
being allowed to enter the pressure pipe=s and the ins. 
trumont, The installation of pipes should receive parts. 
cular attention; faulty Installation of these pipes is 
a source of more errors than all other factors combined. 

For a gas metering it is essential that the pipes 
Ore run in such a manner that water locks cannot occur 
in the connecting pipes, conversly ,. when the matered, 
fluid Is liquid,, air and gas. looks must be prevented. 
It was observed during the experiments that. any disco 
tinuLtq in the column of liquid gave rise to spurious 

.. head, the .magnitude of which will be equal to the keen 
of the vertical heights of the breaks. The resultant 
meter error is not always revealed by equalising the two 
pressures nor by the rate of flow falling to sero, 

To ensure satisfactory installations  the following 



When the instrument is above the date-sting 

element the two pressure pipes should dip down from 

the detecting element to minimise the possibility of 

air from the main entering these, and then gradually rise 
to the instrument at a slope not less than are in twenty. 
When the instrument is below the detecting element the 
two pipes should gradually fall to it at not less then 
the minimum slope. 

When metering dirty liquids special precautions 
have to be taken to pr'evont the pressure pipes from becom. 
ing blocked, and to prevent fbreign matter entering the 
differential pressure measuring instrument, the diameter 
of the pressure holes at the throat should acct exceed 
one tenth of the throat diameter. 

With regard to the thermometer poQkets and similar 
pro jectbons into the main, whenever possible there should 

detecting 
be located downstream for the nttrxg element when it is 
essential for a projection to the situated upstream of 
the detecting allotment and it should be about fifteen 

diameters n 
pipe 4imaa4g away; the minim,, distance is influenced 

to a considerable degree by the relationship between the 
area of projection and the cross sectional area of the 
pipe. 
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The meter should be located in a pipe section 
there the flow exibits the symmetrical velocity distri 
commonly knownn as 'normal turbulence' If interferences 
(i.e. swirls, Cross currents, or eddies ) in the flow 

paytern occur close to the meter, particularly upstream 
as has been discussed earlier, flow measurements are apt 
to be erroneous. For a given installation, the magnitudes 
and direction of erros will depend upon the specific 
combination of conditions existing in the flow. Th he 
Following general criteria sho' jd be satisfied in Solcd 
the meter at locations 

1. LS0 meter should, be located where the `low is theost 
uni (brim, •publsations and surges should be avoided. 

. 	pipe section with the maximum n available length of 
stroight pipe upstream and downstream from the meter should 
selected. 

3. The fluid shr uld remain in single phase when 

passing through the meter , no vaporisation of liquid or 
condensation of vapour should occur. 
4. When metering , q ds at low Reynold's number;a be 
should be chosen 	xjcM $ mere temperatureis higher, 
in order to minimise viscosity effects on discharge co. 
efficient. 

• When metering a gas,, the meter should be, installed 
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at a point where the pressure is lowest and temperature 

highest in order to minimize gas low deviations. 

Differential meters can 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 fi11 the line. However, when gases contain condensable 
c on$tituents, an installation of this type may be desirable 

in that it allows any condensed liquid to be blown through 

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

,  TRA.xgdT M1j ,Y4 „  t 

Swirls or eddies 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 , sigh 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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3traightenizg vanes should be securely fixed and 

should be accessible for periodic inspection, it there is 
any danger of their damage. A length of b diameters of 

uniifterrupted pipe is sufficient dovnst ream of primary 

element in all cases. St rub, tening 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 fitting*  

'ST AU CffXIN OF MST ASs 

Even though all recommended procedures for setting 

up the differential pressure produces meter installations 

are carefully adhered to In any given case, it is const.. 
antsy necessary to guard against faulty operation of the 

system. This is one of the fu.*, tions of the instrument 

maintenance groups in refineries and other industrial 

plants and makes possible the consistent accuracy and 

reliability of flow measurements, i .eir work involves 

the applications of a rautined schedule at tests and checks 
which experience has shown are essential for revealing, 

preventing and eibminating commonly encountered errors. 
Although these errors are not inherent in the primary 

or secondary element, they develop with time under 
the 

influence of service conditions and can only be recognised 
and remedied through continuos inspection. 
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Instructions for adjustment and repair of ins. 

truments are furnished by e4uipmert manufacturers so that 

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 periodic 
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 e*perienc a with the type of instrument 

being used and how after there are indications of error. 
Usually when meters are Calibrated, a detailed inspection 
of the conditions of the detector, connecting lines, and 

• attendant facilities Is made in addition to the required 
adjustments  cleaning, and servicing of the instrument. 

In this respect, it should be noted that, all elements 
of the system should be carefully inspected any time that 
a meter is employed for test purposes. 

The tests of meters serve two purposes: 

1. In the case of a meter which has been in opera. 
'lien, 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 car plant 

performance. Under these circumstances, no adjustment 
of the meter mecha is 	are made unfit after each test 
has been completed. 
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2. 	In the case of a meter which is to be placed in 

service, the tests ensure that dependable results will 

be provi~tgd 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 leaks in the system, concen- 

t ric rotation of the chart et. For the case of meters 

recording at a renote point through a pneumatic or electt 
ical transmitt er g it is importanbd that the receiver to 

checked frequently, to see that it reads the same as 

transmitter. Seal pots, where used, should be vented ,fr , m 
tiny to time, and sealing fluids should be replenished, 

and or drained and replaced at regular intervals particul 

where a Ihsifteation with the flowing fluid may ' occur, 

	

.. 	As has been seen the *p 	upstream disturbances 
affect the coefficients of of discharge of Dais flow tube 

and, in order to minimise the effects there should be a 

straight portion of the pipe preceding the meter. The 

length of this tube should be minimum 15 diameters. 

	

2. 	'here the disturbing elements can be eliminated, 

their effects can be to a great extent controlled by the 

propJdon o f e1r aightening 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 instructionsr should be followed. 

5. Periodical checking and checking of members 
are ftevessary to obtain good service from them. 
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1. In Chapter 1 the different types of differential 

pressure producer. meibers given with a short description 

on each of them. A brief theoretical analysis of the 
metering problems has been dealt with. 

2. In Chapter It, the experimental set ups are given. 
There are four experimental set ups, 3 in senior hydraulic 
Laboratory and onein Junior Hydraulic Laboratory. The 
calibration curves for all of them have been drawn from 
the experimental results. 

In experimental set up no. 1, after calibrating 
a 

the short venturi, the calibration curves fbr bend meters, 
shuns water meter and rectangular weir have been drawn. 
The coefficiert of discharge of this short venturi is 
very high as is 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-effici ents of aectangular weir has been 

calculated and it is seen that the coefficient is nearly 
equal to the Bazin's coefficient. There is sufficient 
straight portion before and after the meter, hence the 
disturbing effects are small, 



	

3. 	In the experimental set up no. 2, the short ventnri 

is calibrated and then the calibrations of water-meter 

in series with the meter$ rectangular weir and shunt meter 
have been drawn. Here again the discharge coefficients 

are very high and remains practically constant during the 

operati tg range, the pressure recovery is very high also. 

	

4, 	Salk; tube. is installed in Junior Hydraulic tab, 
A calibration curve fbr the meter is drawn. It is seen 

that the Calibration curve is nearly similar to th e 
-calibration curve of orifice meter. %a coefficients of 

discharge are higher bec!,nee there is alpstream disturbance 
due to gate valve and the bends nearer to the meter., 

5. A Dali tube was designed 	and Manufactured ., 	It 
was fitted in a ; Inch pipe line in Sr. 'Hydraulic lab,, 

This design is done geometrically similar to the Dall` 
in 

tube„ the experiment no, 1. + A calibration curve is drawn 

for the meter and It is seen that the curve is similar 

to the 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 maters is 
dealt with in Chapter Ix. Jile calculations of discharge 
coefficients for the short vteS v ~s of experiment1 
no . 1 and 2 is done with the help of this theory* Because 
the limitations of this theory apply quite favourably to 



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 

already stated. 

7. Tie different variables that come into play in the flow 

calculations have been discussed also in Chapter III, It 
has been found that out of all factors the velocity distri ► 
button at the low pressure tap i.e. at the throat section 
plays a vital role in the coefficient of discharge, Other 
factors have been discussed also. 

Thediffuser of the meter does not affect the co-
efficient of discharge. the diffuser angle of opening 

should not be very high to produce eddies etc and hence the 

maximum recovery depends upon the angle of opening of the 
diffuser and its length for a particular meter. 

8. Possible 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 the Dail flow tube 
has got superiority over other types as regards differential 
pressure and pressure recovery are concerned. Mreover, 

the instrument is compact and being small in size, is cheap 
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and it is easy to install also, 

10. The Chapter IV 'deals with h the installations, checking 

maintenance of meters in general, The effect of upstream 
disturbances on the discharge coefficient of Dali Flow tube 
is also discussed, From all these considerations, the 
limitations for. the Installation conditions have been 
outlined. 

11. POSSIBLE PLANATION OF LOW "LOSS IN DALE 'LO1 TUBES 

vortex ring was observed at the discontinuity 
of the diameter at diffuser discharge of the Dal tube and 
the suggestion that this annular vortex contributes to tea 
measured loss appear confLrmed by investigations of 

Perkins and Hazen who found that a corresponding vortex in 
a wind tunnel increased the pressure recovery and imperoved 
the uniformity of velocity distribution downstream. The 
low head loss of the ?a].1 Tube may be attributed to the fact 

that in retarding flow as in boundary layers and diffusers, 
the fluid shear.  stress at the walls drops to very -low values 
even to zero and negative values , from a maximum which 
000 urs  away from the wall. This is as may be expected since 
the central stream w ., l entrain the fluid near the wall 
previously retarded by adverse pressure gradients, It 
occurs in the downstream portion of any diffuser; in the 
ball tube strong adverse pressure gradients are established 
directly downstream of the throat by abrupt change of slope 
in the wall; hence the reduction of 



in the region where ordinarily very high friction losses 

occur. 
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JFric--XXVenturiXXVenturl No. XSiz tionXDis X Hook X Water X Beeor 
X Xchargetion XPress, XDiff. Xgage Xmeter I ing 
X Xbend )head %loss (head readingXreading X meter 
X Xdif. Xioss Xtnch.ofXineh.of Xinehes X gallon/Xreadini 
X Xhead X1,nch Xvatar, Xwater. Xo f X nun. ACCu. sea. 
X X° Xo of ( x Xw tei. X X 

1 	2 	3 	45 . 	6 	7 	8 

-i, 
 

1. 10.9 7.9 2.5 	23.5 7.2 6„7430 0.92 6.300 

Head ? iFIr~ 

1• 8.2 6.2 2.2 20.2 	7.0 	6.3125 1.133 6.23 
2.  10.9 9.0 2.5 25.O 9.5 6.5462 1.20 6.90 

1.  6.7 5.0 1.5 15.25 5.0 5.8745 0.933 5..60 
2.  7.9 6.0 2.0 19.2 6.0 6.2805 1.055 6.18  
3.  9.8 7,5 2,3 28.5 6.5 6.7008 1.10 6,70 
4.  11.8 8,7 2.6 27.1 8.5 7.0313 1.20 7..10 

~itwR 	 . 

1.  5.3 3.6 1.0 11.7 4.1 5.3065 0.65 5.00 
2.  6.9 5.2 1.5 16.2 6.0 5.9287 0.85 5.80 
3.  7.8 5.9 1.7 19.0 6.4 .6.1875 0.90 6.15 
4.  10.0 7.7 1.8 23.7 7.5 6.7412 1.05 6.80 
5.  11.0 8.9 2.4 28.8 8.5 7.0468 1.10 7.30 

-"g&- 3n ft 

1. 4.8 3.4 0.8 9.1 3.1 4.8675 0.58 4.60 

A 
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3. 1 2 3 4 56 7 

2. 6.2 4.5 1.2 14.1 4.5 5.6536 4.65 5.50 
3,. 8,2 6.5 1.9 20.7 7.5 6.3478 0.80 6.35 
4. 9,.7 7.7 2.0 94.8 8.1 6.7495 0.85 . 6,80 
5. 11.2 9.0 2.5 28.8 9.8 7.0430 1.10 7.30 

35 	. 

1. 4,1 2,3 0.6 6.7 2,3  4.4225 0.40 4.2 
2. 5..4 3.9 0.9 12.2 4.0 5.3257 0.56 5.2 
3. 7.3 505 1.4 17.8 5,6 6.0000 0.75 5.9 
4. 8.7 6.9 3.0 22.3 8,2 6,4628 0.8 6.5 
5. 10.5 8.3 2.5 27.0 8.5 6,9332 ô.ø 50.0 

.Head _ 40 

1. 2.4 0.8 0.4 2.2 0.7 2.9300 '2.8 
2• 4.4 2,8 0.7 9.5 2.6 4.6338 0.40 4.5 
3. 6.3 4.6 1.3 15.0 5.0 5.6875 0.55 5.1 
4« 7.6 6..4 1.4 19.0 5.8 6.1325 0.60 6. 1 
5 . 9,4 7.6 1,8 24,5 7. 6.6950 0.80 6.75 

: 2.1 0.4 0.1 0.8 0.2 2.3016 2.35 
2 : 2,8  1.0 0.4 3.2 1.0 3.660 6.25 3.25 
~3. 5.0 3.7 1.0 11.0 3.6 5.3032 0,60 4, 90 
4, 6.5 5,0 1.2 15.2 4.8 5.6778 0,65 5,60 

•• 7,9 6.0 1.5 19.6 5.8 6.1225 0.85 6.20 
~ • 9.4 7.3 1.9 23.8 7.0 6,6330 0.933 6.70 
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Ii .L 3 4 5 6 7 8 

1.  2.3 0.7 0.2 1.?, . 	0.5 2.7300 2.70 

2.  3.4  . 2a., -. 
{ 

Q, 6 6.0 2.4 4.1365 0.30 4.00 
3.  4.2 3.8 ..1.0 10.3 3.2 6.1094 0.50 4.90  

4.  6.0 	. 4.9 1.2 16.5 4.1 5.6533 0.70 5.50 
5.  7.1 5.5 :..5 18.0 6.1 6,0703 0.80 6.00 

1.  1.2 0.1 0.1 1.0 0.7 0.3595 2.70 
2.  3.1 2.5 0.6 7,1  4.2 4.4217 0.50. 4.50 
3.  4.4 3.6 0.9 10.8 5.7 6.1327 0«75 5*20 
4.  6.0 9.2 1.'1. 10.4 8.5 5,8273 0.35 5..80 
5.  '7.4 6« 1 1.6 19.5 9.00 6.1853 0.90 6.30 

so 

1. 3.3 6.5 - 1.? 20.9 7.3 6.2805 	1.0 0,60 
2, 5.3 4,3 0.9 . 12.9 3.6 5.4390 	0.70 5.50 
3.  2.7 1.?. 0.3 5.1 1.7 3.9750 	0.25 4.10 
4.  1.4 6.6 0.2 1.5 1.1 2.7385 3.20  

Al  - 1.03 sq.ft. 	A2 = 0.467 sq.ft. 

diameter ratio = 9,25/13,75 = 0.673 

Opening ratio tn =- 0.4545 

Beztns c ©e fieient n = 0.405 + 0.000984 / a 
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Si. X Baztns 	Velocity XRenold" sXDischargeXCoet.o f XFric.- X % fr 
No, X Coef. 	Xft/se, XnoA Soo DX Q Xdisehar-Xtioti 	X c tion 

X/ X X 	5 X cusec. X ge.C~ 	X actorX loss. 
Zri ri i~ 	r 	urrrw.~ rr~rrr rrr~r 

9 
rrrw~rrr ~w wrww► 

- 12 tt, each 

1. 0.4209 5.65 5.84 5.81 0.991 0.00550 28.9 
Read - 	15 f` . 
1.  0.4237 5.29 5.38 5.4 0.991 0.00590 31.0 
2.  0.42306 5.32 5.51  5.6 0.9915 0.00600 35.0 
lead..- 

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 0.0 0558 32.0 
3.  0, 4226 5.52 5.72 5.59 0.992 0.00650 26.2 
4.  0.42178 5.90 6.12 6.08 0.9915 0.00554 27.0 

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 b. 99M 0.00407 26.3 
5 • 0.42178 5.92 6.13 6,Ø 0.988 0.00478 32.7 

iwr±- sw±L+5 

1. 0.42925 3,46 3.59 3.56 0.978 0.00465 32. 1 
2, 0.43502 4,29 4.45 4.42 0.983 00.00470 31.3 
3.  0.4236 6.05 5.24 5.20 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 0.990 0.00498 27.8 
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9  10 11 12 13 14 15 

ead 35 

3.01 3.12 3.10 0.989 0.00465 33.1 1. 0.4316 
2 • 0,4271 3.96 4,002 4.06 0.926  0.00404 30.2 
3. 0.4227 4`71 4,88 4;85 0.990 0.00440 28.8 
4, 0.42328 5.20 5.38 5.36 0.993 0.00516 34.2 
S. 0142205 5.82 8.03 6.00 0.990 0#00532 2869 

1.  0.4483 1,682 1.742 1.732 0.92 0.00748 31.2 
2.  0.4305 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 4.84 5.0 i 4,98 0.988 0.00392 29.4 
5.  0.42265 5.46 5.66 5.63 0.387 4 0 0 	VO 38 9 

1. 0.4637 1.07 loll 1.303 O930.00698 24,8 
24 0.4400 2.04  21,115  2.10 01989 0.00697 28.2 
3.  0.4281 3.74 3.88 3.85 0.988 0.00830 31.9 
4.  0.4258 4.31 4,46 4.45 0.989 0.00646 30.7 
5.  0.42415 4.80 4.97 4.95 0.987 0.00456 29..8 
S. 0.4228 56 5.65 5.63 0.988 0.00432 29.3 

1. 0.4483 1.52 1.565 i.565 0.983 0.00600 30.2 
34 0.4334 2.74 2.84 2.82 0.980 0.00558 34.1 
3. 0.4281 3.74 3.88 3.85 0.988 0.00465 33.1 
1. 0.42585 4.32 4.47 4.45 0.9% 0.00432 24,3 
s • 0.42445 4.70  4, 80 4.84 0. 	$ 0.00175 32,2 
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9 30 	11 12 13 14 15 

ad 

1. 0.833 0.136 0.141 0.14 0.983 0.0375 59.8 

3, 0.4334 3.05 3.16 3.14 0  o.IBo.0045 81.3 

3.  0.4280 3.74 3.88 3.85 0.987 0.00418 30.2 
29.8 4.  0.9272 4.50 4.66 4.64 0.983 0.00380 ,sac 

5.  0.4241 4.80 4.97 4.95 0.980 0.00485 50,1 
Mae  

0.980 
1.  0.4235 5,12 5.8 5.27 0.00387 33.1 
2.  0.4267 4+05 4.2 4.17 

0.973 -0.00384 2~`t; 
3.  0.4347 2.68 2.73 2.71 0.992 0.00304 32.8 
4.  0.4482 1.54 1.595 1.59 0988 0.00888 89„ 2. 
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DB3ERVATIONS OF 9KPERIMgIF 	NO.2 

Reaordi g Obser Press DIET. Friction Venturi 	Rook gauge Water Meter 
vat. ft of press. head Press. reading in meter readil g 
Ion, grater, inch of loss lass inch of water. 	read, 

water. inch of of water. ing 
vat Ar. ~"i 	~t1 

1. 2 3 4 5 6 7 8 

1.  235 23,2 8.2 3.3 1.4800 216.5 0.50 
2.  295 26.4 11.5 4.3 1.4177 230 0.600 
3.  230 24.8 9,0 3.5 1.3933 221. 0.570 
4, 238 22.2 8.8 3.2 1.3320 208.5 4.545 
,G. 240 20.7 7.3 2.9 1.3050 201.0 0.520 
6.  295 19.6 6.7 2.7 0.295 198.5 0.510 
7.  355 13.3 6.5 2.6 1.1540 190. 0.490 
S. 260 16.8 5.8 2*3 1.0800 iSO 0.475 
9.  265 14.6 5.0 1.9 1.0400 164.5 0.410 
10.  27T 13.5 4.1 1.6 0.9484 351.0 0.400 
11.  275 11.7 3.2 1.2 0.8870 133.6 0.325 
12.  280 10.0 2.2 1.0 0.7500 11200 0.285 



Obser XBazinsXVelocity Discharge XRynold XCoef.1FrictionX% head vatioriX C f. X /sec. )(Q Qusec X o Re) C~ f 	factor iloss.  
X 	X 	X 	X x 	Xcharg 	

'. 

10 	11 	12 	13 	14 _ 	15 

1.  0.4806 7.713 0.620 2.69 0,982 0100402 10.55 

2.  0,4586 8.07 0.647 2.72 0.971 0.00644 11.0 

3.  0.4595 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 

0.456 7.14 0.576 2,405 0.985 0.00516 9.78 

6.  0.4662 7.00 0.562 2.362 0.984 0.00400 9;68 

7.  0.4570 6.12 0.491 2.06 0.983 0.04610 9.96 

8.  0.4540 6.6 0.468 2.04 0.984 0.00468 10.5 
9.  0.4582 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.  0.4878 4.53. 0.30 1.52 0.981 0.00461 6.90 
12.  
a - 

0.4625 
- w 	w 

4.08 
- 

0.300 1.32 0.989 4.00352 7.6 

B 

- 	- 	- w w w a 

= 	0.7031 	Al 

- - r w 

-- 	0.0802 
- - 5 r - - 

8q. ft. 	A2 
r : 	die - f 

= 0.0431 
- r 	- 

sgft. 
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O BSERVATION5 FOR EXPERIMENT N0. 3. 

Diff. 	Press. Discharge Velocity  Reynold Coef. % head 
Obs. head 	loss 	Q 	ft/sec. no. 	of 	loss 
No in. 	inches Cusec. 	 (Re) D  dis- 

of water of 	 x x 4 charge 
water.  

2 	3 4 	 67 8. 

1.  27.0 6.0 0.222 1.13 5.7 0.760 21.5 
2.  6.3 2.5 0.209 0.5 .7 2.8 0.782 38.3 

3.  12.8 3.4 0.157 0.802 2.04 0.773 35,0 

4.  17.0 4.0 Q. 324 0.938 4.72 0.772 23.5 

5.  22.0 4.7 0.205 1.045 5.26 0.770 21.3 
w 	.w r - a - - w r r. 	- - - r - a - r - - nY 	a .. wo 	- 	w  -, r r. w 

Dimensions of Tank 6"-20" x 3•-7.5'1  
D = 6" 	Al = 0.196 , scq.ft. 

,8 = 0.367 



O Bs ERVAT IO NS FOR SIMPHRI MSNT N4.4. 

Obs. Riff. Press. Friction Diseharge VelocityReyuold Coef.o f No. head loss head loss 	Q ft/sec. 	no. discharge inches in.of in. of 	cusess 
water. 	X x 10 3  of water X103 D• 

water. 
i ,---2 3 4 	5 6 	7 8 

1.  2.3D 1.5 1.5 4.075 0.295 4.20 1.035 
2.  3.55 3.1 3.1 5.840 0.369 5.25 0.98 

3.  5.65 5.1 5.4 8.340 0.528 7.52 L 11 

4.  8.10 7.8 7.9 11.000 0.625 9.90 1.22 

5.  13.70 13.1 13.2 14.400 0.912 13.00 0.53 

6.  17.20 16,2 33.0 15.750 0.995 14.20 0.514 

7.  22.70 21.8 24.5 19.300 1.210 17.20 0.545 

D = 1.5 inch. 	Al  = 1.225 x 30 	sq. ft.. 

A2 = 0.136 x 30.2  s q,. ft. 

,a = 0.333 

Area of cross section of measuring tank 

5.88 sq. ft. 
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