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ABSTRACT

Rotameter is a variable area type of flow meter that can be used to measure the flow rates of both liquid and gases.
Normally the rotameters are calibrated either with water or air depending on their applications. However, when the
rotameter is used for other fluids, correction factors need to be applied for variations in fluid density and viscosity.
These factors are not very well established. In the present work, CFD has been used to analyse characteristics of
rotameter with non-standard fluids. A CFD methodology has been developed using ANSYS software-15 and it is
validated using the available data. The most suitable choice of turbulence model is identified. The semi divergence
angle (= of the rotameter plays on important role in deciding the range of flow rates for a given meter. CFD has
been used quantify the range of flow rates for various values of —in the range 0.5 to 2°. The relation is found to be
non-linear. The characteristics of a rotameter used for measuring non-Newtonian fluids are also analysed. The drag
characteristics of a viscosity compensating float inside a tube for the flow of pseudo plastic fluid are studied for
various values of k and n. Such analyses are made at two diameter ratios and two Reynolds numbers in the laminar
regime. It is observed that Cp, is affected by the value of n. The performance of a rotameter with pseudo plastic fluid
having different values of consistency index (k) and power law index (n) are analysed and they are compared with
water performance. It is observed that the indicated flow in case of non-Newtonian fluid will always less than actual
flow. The maximum error will be of the order of 5% as long as care is taken to ensure that the range of Reynolds
numbers in both water as well as non-Newtonian fluid flow are kept same. This conclusion is valid for flow rates in
the laminar regime only.
Keywords: CFD, ANSYS, ISO, RANS, SST, FDM, FEM, ANSYS FLUENT
I. INTRODUCTION 9 Special flow meters:turbine flow meter, positive
displacement meters, V cone flow meter etc.
Rotameter is a variable area type of flow meter .It
consists of a vertically placed glass tapered tube and
metallic float within the tube which is free to move
up and down. The metering tube placed vertically
along with fluid stream with a larger diameter at the
top. Fluid enters at the bottom of the tube and

Flow meter is a device that measures the flow rate of
any liquid in an open or closed conduit. Flow meters
that are used in the industry for different applications.
Some of the widely used types of flow meters are
follows.

9 Differential pressure flow meters: Flow meters

like orifice meter, Flow nozzles and venturi meter
etc.

Velocity flow meters: Flow meters like turbine
flow meter, Vortex flow meter, Electromagnetic
flow meter, Ultrasonic Doppler flow meter etc.
Mass flow rate: Flow meters are under this
category are Thermal flow meters, Corioils flow
meter etc.

passes over the float and leaves at the top.

The maximum diameter of float is approximately
same as the bore of the tube. When fluid enters at
the bottom of tube float start rises in the tube. When
there is no flow through the meter, the float is at the
bottom of the metering tube. When fluid enters the
metering tube, the buoyant effect and drag force
effect will act on the float but float density higher
than the liquid, position of float still in the bottom
of tube. With upward movement of float towards
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the larger end of the tapered tube. When buoyant
force and drag force of the fluid on the float is same
as that of weight of float, then the float is in
dynamic equilibrium. If there is an increase in the
flow rate. It causes the float to rise higher in the
tube where as a decreasing the flow rate causes drop
in height of the float in the tube. Every float
position corresponds to a particular flow rate of the
fluid. So flow rate can be measured in the rotameter
by observation of the position of float in the
metering tube.

Principle of Rotameter

Consider a rotameter and various forces that are acting

on the float at any given position are as shown in Fig.1

they are also follows.

1. The weight of the float (W) which is acting on
vertically downwards.

2. The buoyant force (7O ) acting on vertically
upwards.

3. The drag force ("O) due to fluid flow acting on
vertically upwards.

R
EH'-:J —

Figure 1. Geometry of Rotameter and Various Forces acting on the Float

The above Fig. shows the rotameter with float inside the
tapered tube and the various forces acting on the float.
In the above first two forces namely weight of float (W)
and buoyant force ("O ) are constant for a given meter.
However, the drag force ("O ) is dependent on various
factors such as, the shape of float, velocity of fluid,
diameter ratio of the float to the tube etc.
When the all forces are in equilibrium position then
Equation becomes

& =W-& ...oocoo 1)
Where
& = Drag force of the fluid
& = Buoyant force

W= Weight of the float
Weight of the float acting downward due to gravity (W)
is given by:
wW=w ."
Where
M = density of float
6 = volume of float
g =gravitational force
Buoyant force of fluid acting on the float is given by
O=0." g.eeiin (3)
Where
M =density of fluid

N S 2)

Drag force of the fluid acting on the float is given by
"0=05%0 " Y .0 .4

Substitute Equation (3) and (4) in Equation (1) we get
Fo=W-Fs =(pg" )g.0)

= 05%Co.” .Y .0

The flow rate is given by the continuity Equation:
Q = (Uin X Ain) = (Uanu* Aanu )

:E (Dt2 - DFZ) X Uanu

Where

D; =Diameter of the tube when float is in
equillibrium position.

De= Maximum Diameter of the float.

A= Inlet c/s area of the tube.

Uann= Average velocity in the annular area
between the float and the tube

A.= Annulus Area between the float and tube.
From the Equation (4) U,y can also be written as

Z 8

3
Uanu = 3 8 m /S i )

T
Q =7 (D - Dg?)

The half divergence angle of the tapered tube is given
by
fan =—— .. S

Where

D;, =inlet diameter of tube

D,.= outlet diameter of tube

T, = vertical height of tube

Consider the equation for the tapered tube from the
relation

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



DT: DF+ 2 H tanf
(D¢-D¢?) = 4.H.Dy.tanb+ 4. H (tanf)?
Substitute Equation (8) in Equation (10) we get

Z 38
8 8

The above Equation gives the relation between the flow
rates of fluid, position of float of any given Rotameter.

= — [4.H.Dg.tan0+4.H (tan0)?] * m¥s .....(11)

Density Correction Factor

A rotameter can be used to measure the liquid flow rate
having different viscosity and density. The changes in
the density of fluid will affect flow rate of measured
value significantly, but changes in viscosity of fluid will
not have a major effect of flow rate. This is due to the
fact that Cp is not very sensitive Reynolds number in
the turbulent resume. Density correction factor to
measure the flow rate of different fluid can be derived
as follows.

Volumetric flow rate of water in the rotameter is given

by
Qu =— [4.H.Dr.tan0+ 4.H2 (tan)?] *

Where

Qw= volumetric flow rate of water

" = density of water

H= Height

Suppose same Rotameter is used to measure flow rate of
fluid, then adjusted flow rate until float reaches the
same height of h

8
L= — [4.H.Dr.tan6+ 4.H2. (tan@)?] x — m¥s ....(13)
Where
" =density of any liquid
Dividing Equation (13) and (12)
Q= M*QW m¥s ... (14)
0 0
There fore
QL:CS-QW ................... (15)
Where
Cs= density correction factor
Com —&G 0 (16)
ME o o

I1. LITERATURE REVIEW

A. Review of the Previous Work

Several investigators have used CFD to analysis the
flow through different life’s of flow meters under
varying both standard and non-standard conditions.
Arun et.al [1] has used to analyse flow through a
Venturimeter which is a typical type pressure based
flow meter that is widely used in the industries
applications. The ISO 5167 standards provide the value
of C4 for the Venturimeter with an order of Reynolds
number (Re) above 2x10° In some cases of viscous
fluid, Venturimeters are sometimes operated in laminar
flow regime and also in turbulent regime at Re below
the range specified in the standard. In this work analysis
is made to study and prepare a computational model of
Venturimeter, but which can be used for efficient and
also easy means for predicting the C4 at low Reynolds
numbers (Re). CFD software ANSYS fluent14.0 has
been used as a tool for perform the modelling and
simulation of the Venturimeter. Simulation is carried by
standard Venturimeter and then the results were
validated with results specified in the standards. The
results of the simulations show that the C4 decreases
rapidly as the Re decreases. Then the results were
compared with the analytically proposed equation to
calculate the value of Cq at low Reynolds number.
Rakesh Joshi et.al [2 studied the effect of rotameter
float design on the performance characteristics of
rotameter. They concluded that small changes in flow
rate cannot be detected by rotameter under normal
operating conditions. The geometry of the float needs to
be designed carefully in order to increase the sensibility.
Prasanna et.al [3] conducted CFD analyses on
compressibility effects of orifice plate and venturimeter
and type of flow meters. They have chosen both
concentric standard orifice plate as well as quarter circle
orifice plate. The computed values of discharge co
efficient, expansibility factor and permanent pressure
loss coefficient are agrees with the standards values
over a wide range of Reynolds number, diameter ratio.
Deepu et.al [4 conducted experiments in CFD tool
ANSYS Fluent 14 software to study the design of
Rotameter using CFD. In the design of rotameter,
coefficient of drag (Cp) of the float is a very important
parameter. They have derived a correlation for Cp as a
function of diameter ratio. Further, they concluded that
any disturbance up stream should be at a distance of
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more than 5D from the entrance of the rotameter in
order to ensure that the accuracy of rotameter is not
affected significantly.

Pavan Kumar et.al [5] conducted experiments in
CFD tool using ANSYS FLUENT 14 software to study
the analysis of flow through a Rotameter that was
available in fluid mechanics laboratory of their Institute.
Here the geometry was considered as the 2D
axisymmetric and meshing of geometry done by
axisymmetric  quadrilateral elements. Water s
considered as fluid and steel is used as the float .From
the experiments it is concluded that use of CFD gives
good accuracy results within + 1 % error and the drag
force will remain same over the entire range of flow
rates. They also have studied the effect of change in the
density and viscosity of the fluid on the performance of
rotameter.

B. Scope of Present Work

Based on the review of previous work done the
following scope of the work is finalized.

9 Development of validated CFD methodology to
analyse the flow through rota meters. The validation
will be done using data on existing rotameter.

9 The angle of divergence of the tapered tube is one
of the major parameters which affects the range of
flow rates that can be measured by a given
rotameter having specified height. Hence in order to
guantify this effect it is proposed to systematically
vary angle of divergence and analyse its effect on
the maximum flow rate that can be measured.

9 The analysis of flow of non-Newtonian fluid
through a rotameter will be investigated. As a first
step the effect of non-Newtonian behaviour of the
fluid on the drag force of viscosity compensating
float inside a tube is analysed. The non-Newtonian
fluid is modelled as a pseudo plastic (power law
fluid). Analysis are to be made for various values of
power law consistency index (k) and power law
index (n).

The flow of pseudo plastic fluid through on actual
rotameter will be analysed the various values of k and
the results will be compared with water data and
deviations in the meter reading will be quantified.

I11. CFD METHODOLOGY ANDVALIDATION

A. CFD Methodology

CFD methodology for analysing the flow through the
rotameter assumes fluid to be Newtonian fluid and flow
to be axisymmetric. The governing equations used to
solve this problem are continuity equation, momentum
equations with proper boundary conditions. However, if
the flow is turbulent, Reynolds averaged momentum
equations (RANS) are to be solved and additional
equations are used with appropriate boundary conditions.
Hence if the flow is turbulent, different turbulence
models are used in this analysis like k- omega- SST
standard- k-epsilon and standard-k-omega. CFD
software uses numerical techniques like finite difference
method (FDM), finite volume method (FVM), and finite
element method (FEM) to solve the equations and
arrives at the solution in an iterative manner.

In the present study ANSYS FLUENT - 15 software,
with 2D axisymmetric with proper boundary conditions
and mesh convergence is used to get required solution.

B. Validation of CFD Methodology
Analysis of Flow through an Actual Rotameter

Pavan Kumar et.al [5] has analysed the flow of water
through a rotameter existing in fluid mechanics
laboratory of the Institute. The range of rotameter was
0-40 Ipm and the various dimensions are given in Table
3.5.

Variables Values Units
Inlet diameter(Din) 25.48 mm
Outlet diameter (Do) 36.85 mm
Tube height(H) 260 mm
Half tapered angle( ) 1.12° Degree
Table: 3.5 Boundary Conditions Used for the Analysis of Rotameter
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Dimensions of the Tapered Tube:

Fig.3.4 Dimensions of Tapered Tube

Dimensions of the float:

—r—
[}
vg.

50mm

i
18mm 24.5mm

14mm

Fig.3.5 Dimensions of the Float

Dimensions of the Floa

Float Material = stainless steel

Material Density = pe= 7850 kg/m®

Volume of float= V¢ = 12584.46 mm®

Equilibrium Drag force Fp is calculated using the
formula.

Fo=[(pr pw) X Vex g] = (7850 - 1000) x12584.46%
10°x9.81=0.8456 N

The dimensions of the float and the geometry of the
rotameter are given in Figs.3.5. And 3.6The flow
through this rotameter is analysed for various positions
of the float in order to verify the accuracy of the
meshing and validity of the computations. At any given
position of the float. The inlet velocity corresponding to
the flow rate marked at that position is specified. The
drag force on the float is calculated from this CFD

analysis and ideally this should be equal to 0.8456 N
which will ensure equilibrium of the float at that
position. Such analyses have been made for 8 positions
given in the Table.3.6.

Dg

Qind (IPM) H (mm) -

Dt

4 57.5 0.96

7 725 0.94

10 86.5 0.92

15 108.5 0.89

20 129 0.87

25 148 0.84

30 166 0.82

35 183 0.81

40 199 0.79
Table 3.6:Height of markings from Inlet (Float Height)for
different Flow Rates and DiameterRatio at that Position

Modelling

Fig 3.6: Geometry and Boundary Conditions Used for the
Analysis of Actual Rotameter

The above Fig.3.6 shows the geometry of flow domain
and boundary conditions used in CFD analysis. The
geometry considered as 2D symmetric and hence only
half of the domain is modelled. Flow rate markings are
in the range of 4-40 Ipm and the different heights of
each marking from the inlet and diameter of tapered
tube and diameter ratio of the float at different heights
are tabulated in the above Table 3.6.

Meshing

]

—

000 90.00 (mmj)
- )

Fig: 3.7 Geometry of 2D Axisymmetric Model of Rotameter Used for
the Analysis
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Fig 3.8: Mesh Used around the Float used in the Analysis of Actual

Rotameter

The flow domain is discretised using axisymmetric
guadrilateral elements. It has been shown that
turbulence model SST- k-w model is most suited for the
analysis. And hence it is used. Fig.3.7. shows the
meshing pattern used for the flow domain. On the
surface of the float and the tube face sizing is used. The
mesh is around the float as shown in Fig.3.8. The total
number of elements is in the range 1.8x10° to 2.5 x 10°
for the various positions of the float.

The velocity boundary conditions is defined at the inlet
corresponding to different float positions of the float.
The convergence criteria of 10° and second order
upwind scheme are adopted. The drag force obtained
from these conditions are computed at each flow rate
and different float positions. The drag force ideally has
to be equal to 0.8456 N as per the calculations. The
average velocity in the annulus region between the float
and tube at each flow rates are the calculated from CFD.
The results are tabulated in Table.3.7. The following
parameters are given in the Table.3.7.

Qing is the corresponding flow rate to the assumed
position of the float, Ipm

Qcrp is the computed flow rate that gives equilibrium of
the float at that position Ipm

Re is the Reynolds number based on inlet velocity and
diameter of the float

_ P-Uind-Dp
B

Re

Ucrp is the inlet velocity from the CFD.

U is the average velocity in the annulus region
between the float and tapered tube at the position, m/s

Fpis the drag force results obtained from CFD, N

Fp
0.5xpx(U

Cpz = )

anu) XAg

Chp: is the drag coefficient by using U, as the
velocity reference.

Qind Uin Ucrp, Fo QCFD | Uau

(lpm)|  (mis) e (mis) (N) | (pm) | (mis) co:
4 0.12973| 3492| 0.12992 | 0.8453| 4.0059| 1.44 | 1.424
7 0.227 6111 0.2282 0.8454| 7.0363| 1.531| 1.26
10 0.325 8749 | 0.3297 | 0.8454| 10.1659| 1.635| 1.105
15 0.486 | 13083 0.4891 0.8455| 15.0809( 1.694| 1.029
20 0.649 | 17471| 0.651347| 0.8458| 20.0836| 1.75| 0.96
25 0.8107 | 21823| 0.80875 | 0.8453| 24.9370| 1.803| 0.908
30 0.9749 | 26244| 0.9708 | 0.8458| 29.9336| 1.84 | 0.873
35 1.135 | 30553| 1.13435 | 0.8455| 34.9765| 1.870| 0.844
40 1.2973 | 34922| 1.29072 | 0.8457| 39.7981| 1.92 | 0.801

Table 3.7 Resultof Flow Rate and Drag Coefficient obtained Using

CFD

Results and discussion

Qing VS Qo

Qind

QCFD

Fig: 3.9 Comparison between Qg V/S Qcrp

It is observed from the tabulated values of Table 3.7 that
the values of Qcrpand Qing are in very good agreement.
Further the values of Cp, decrease as the diameter ratio
decreases. Fig.3.9 shows comparison between the Qj,
v/s Qcep. It can be seen that the values of indicated flow
rate and those obtained from CFD are in close
agreement.
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Fig: 3.10 shows the variation of drag coefficient with

Diameter ratio and it is observed that its value increases

with incrassating diameter ratio (it can also be observed
from Table 3.7).

Cpb2V/S d/D

Cb2

d/D

Fig: 3.10 Plot of Drag Coefficient v/s Diameter Ratio

The typical plots of pressure and velocity contours as
well as velocity vector plots are shown in Figs. (3.11),
(3.12), (3.13).

3.11 (a) Velocity Contours for 4 Ipm

3.11 (b) Velocity Contours for 20 Ipm
1-3
3.11 (c) Velocity Contours for 40 Ipm
Fig: 3.11Different flow rates of velocity contours

3.12 (a) Pressure Contours for 4 Ipm

]

3.12 (b) Pressure Contours for 10 Ipm
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3.12 (c) Pressure Contours for 30 Ipm
Fig: 3.12 Different flow rates of pressure contours

3.13(a) Velocity Vector for4 Ilpm
Fig. 3.13 Flow Rate of Velocity Vector
The forgoing analyses has validated the CFD

methodology for the analysis of flow through rotameter.
Hence this methodology is used in the subsequent
analysis reported in this study.

IV. EFFECT ANGLE OF DIVERGENCE ON THE
FLOW RANGE OF ROTAMETER

The input data for the design and selection of rotameter
for any particular application will consist of properties
of the fluid (like viscosity, density rheology,) range of
flow rate and size of the pipe.

The rotameter has to be designed by properly choosing
the float (material and size), the angle of divergence of
the tube, inlet diameter, height etc. The most important
parameter that governors the range of flow (for a given
inlet diameter and height) is the angle of divergence of
tapered tube. Larger this angle wider will be the flow
rate ranges. In order to quantify the dependence of flow
rate range on , the rotameter designed by Deepu et.al
[4] is chosen for the investigation.

4.1 Dimensionsf the Rotameter Used in Analysis

s
1 ot 1

Dyt

ol

Fig 4.1 Geometrical Specification
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Where

Inlet diameter of tapered tube=D;,=40mm
Half divergence angle of tapered tube=—=1.5°
Vertical height of the tube=T,=300mm
Maximum diameter of the float=D=40mm
Height of the float is assumed as=h=50mm

Volume of the float = V = —D{2.h=62831.85mm?

Deepu et.al [4] have designed a rotameter for measuring
rate of water flow in the range 0-100 Ipm. In a pipe of
40mm diameter the various dimensions and properties
of the float are given in Table 4.1.

Q For®=1.5°

(Ipm) H(mm)

9.99 28.64
20.11 57.29
42.53 112.68
67.41 164.24
94.10 213.90
118.12 259.74

Table 4.1 Actual Values for Different Flow Rates

Deepu et.al [4] has used an angle of divergence =1.5°.
In the present study this divergence angle is changed
and computations have been made for 4 values of s
namely 0.25°, 0.5°, 1°, 2° keeping other dimensions as
same. Computations have been made for each  for
different positions of float as given in above Table 4.1.

4.2 Flow Domain,

Fig 4.3 Fine Mesh around the Float Using Quadrilateral Elements

Figs.4.2 and 4.3. Shows Geometry and meshing of the
flow domain. Here 2D axisymmetric model is
considered and hence half of the geometry is shown.
The number of elements is in the range 65000 to 90000
with fine mesh elements around float. Axisymmetric
quadrilateral elements are used for the discretization. At
the inlet velocity defined and gauge pressure is defined
zero at the exit. The results from the computation are
tabulated in Tables 4.2 to 4.6.In all the computation the
fluid to be assumed to be water with density of
1000kg/m® and viscosity of 107 Pas.

At any given and float position the value of Cp is
calculated using the value of diameter ratio at that
position. For this purpose, the following correlation is
proposed by Deepu et.al [4]

0.8222
Cp= 0.4 {l_£~0.3
DJ

The calculated of Cp and the equilibrium drag force are
used to calculate the value of velocity in the annulus

(Uann)

Fo=W-Fg= 4.253=Cp,.— .” . LJannz-AF

Geometry and Boundary

Conditions of the Actual Rotameter for the CFDhen the values of inlet velocity and Qc, are calculated

Analysis

Fig.4.2 shows the geometry of the rotameter inlet
diameter 40mm length of the tube is 300mm. 2D
axisymmetric model and half of the geometry is shown.

WALL

AXIS

—

-mre2=-
s-mrAcO

AXIS

Fig 4.2 Geometry of the Rotameter

and they are specified as the boundary condition. The
computed values of drag force are tabulated and they
may not be exactly equal to desired value (4.253 N). In
such a case, the actual flow rate (Q) is calculated
using the relationship.

Qact = Qcal-

The above relation assumes that over a narrow range
drag force is proportional to square of the velocity.
Finally the actual value of Cp, is also tabulated.
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H Dy E C Usnu | Qeat | Vin (Fp) Qact | (o)
@ @m | p | P @y | pw) | @y | | (pm)

2864 | 4025 | 0003 | 430 | 1.254 | 1185 | 0.0157 | 4213 1.10 4.26

5720 | 40.50 | 0.987 | 3.64 | 1.364 | 2.586 | 0.0343 | 4202 | 2.60 3.69

112.68 | 40.95 | 0.976 | 3.10 | 1478 | 5.526 | 0.0733 | 4223 | 554 3.07

16424 | 4143 | 0965 | 2.81 | 1.552 | 8.515 | 0.1129 | 4218 | 855 278

213.90 | 4186 | 0956 | 265 | 1598 | 11457 | 01520 | 4216 115 2.62

25074 | 4226 | 0946 | 251 | 1.642 | 14383 | 0.1008 | 4.220 14.4 249

Table 4.2 Computed Results for 8=0.25°

Table.4.2. Shows the results of the computation made
for half divergence angle =0.25°. It is observed that
the range of flow rate is approximately 1-15 Ipm which
is much narrower than that for =1.5° which is 10-100
Ipm (see Table.4.5). It is also observed that the
calculated values of Cp at any given diameter ratio
agree very well with the values calculated on the basis
of correlation by Deepu et al [4]

2137 47. [ 08 [ 19 [ 187 [ 576 [ 076 | , a0 | 577 | 1.02
9 | 47 | 42 | 3 | 3 | 62 | 47 70
259, [ 49. [ 08 [ 18] 190 [ 725 [ 096 | ,,,0 | 726 | 185
74 | 06 | 15 | 6 | 8 | 40 | 20 | ™ 51

Table 4.4 Computed Results for =1°

Table 4.4 shows the results of the computation for the
half divergence angle —=1°. It is observed that the range

of flow rate is approximately 5-73 Ipm.

[ | L L
(an Pr:j = .| T A | I (Co)
[:n' (m/s) ( p (m S CFD ( pm CFD
m | m|r m | ) N )
28.6 41. 0.9 2. 1.56 0.11
4 50 63 77 3 9.00 94 4.218 9.05 274
572 [ 43 [ 09 | 2 [ 172 [202 [ 0.26 | ,0c | 202 | 225
9 00 19 27 7 5 87 ’ 9
11245 [ 08 | 2. [ 182 | 436 [ 057 | , . | 436 | 202
68 | 90 | 71 | 03| 6 0 | 85 : 5
l64. [ 48. [ 08 | L | 189 [ 680 [ 090 [ , o0 [ 681 [ 1g7
24 | 60 | 23 | 88| 6 7 | 3 8
213 [ 5L [ 07 [ 1. [ 194 [ 973 [ 129 | ,,c | 976 | 178
9 | 60 | 81 | 79 | 4 3 15 5
250. [ 83 [ 07 [ L | 197 [ 118 [ 157 [ , o [ 119. [ 170
74 | 60 | 46 | 73| 8 64 | 40 : 50

Table 4.5 Computed Results for =1.5°

Table 4.5 shows the results of the computation for the
half divergence angle —=1.5°. It is observed that the
range of flow rate is approximately 9- 120 lpm.

Table 4.6 shows the results of the computation for the
half divergence angle —=2°. It is observed that the range
of flow rate is approximately 12- 172 lpm.

CD —_— D 4 . o 3
15
Ho| oy Ly ©o)
el ] n
(n;m (m—l - I:IT ?r; s). CFD (Ipm ! CFD
m
)| T RN
28.6 | 40. 09 [ 36| 136 | 258 | 0.03 4.202 260 | 361
4 50 87 4 4 6 43 1
57.2 | 41 09 (30| 148 | 567 | 0.07 4223 569 | 304
9 00 75 6 7 5 52 5
112. | 41. 09 (26| 161 | 121 | 0.16 4215 121 | 257
68 95 53 0 3 45 10 ) 99
164. | 42. 09 [ 23| 168 | 188 | 0.24 4232 188 | 237
24 86 33 8 6 25 96 ) 71
213. | 43. 09 (22| 173 | 255 | 0.33 4.238 255 | 223
90 73 14 4 8 48 88 93
259. | 44. 08 | 21| 177 | 319 | 042 4227 320 | 213
74 53 98 5 4 32 35 ) 30

Table 4.3 Computed Results for =0.5°

Table 4.3 shows the results of the computation for the
half divergence angle —=0.5°. It is observed that the
range of flow rate is approximately 2.5- 32 Ipm

ol ] — 4 o
m m | — " Ipm
m) &n) - Fr| k) (F; cF
286 | 42. | 09 | 2. | 161 125 | 256
4 | 00| 52 |59 7 55
572 | 44 [ 09 | 2 | 175 | 276 | 036 | , o0 | 277 | 220
9 | 00|09 |21] o 9 | 75 74
1127747 [ 08 [ 1. | 188 | 610 | 080 | ,,,c | 610 | 1.90
68 | 83 | 36 | 91| 3 20 | 97 : 70
164 [ 5L [ 07 [ L | 195 | 964 | 127 | ,,.0 | 968 | 176
24 | a7 | 77 | 78| o0 08 | 9 : 07
213754 [ 07 | L | 199 | 183 [ 176 | , | 134 | 146
9 | 93| 28 |70 ]| s 2 | 70 63
259. [ 58. | 06 | L | 202 | 169. | 225 | , .o | 171 | 1.60
74 | 13 | 68 | 65| 5 73 | 20 99

Table 4.6 Computed Results for =2°

| L L
"l =1.| [ 44 ©
(TT;m (n; —_ |="_ E!; 5 (Ipm (I;;m .
m | T
286 | 41. | 09 | 30 | 1.48 0.07 3.04
4 00 75 6 7 5.;57 53 4223 5.569
572 [ 42 [ 09 [ 25 | 161 | 124 [ 016 | ,,.c | 125 | 256
9 00 52 9 7 96 57 52
112437109 [227] 175 [27.1 [ 035 | 0 [ 271 | 220
68 92 10 1 0 21 97 59
164. [ 45. [ 08 20| 182 | 421 [ 055 | ,,,c0 | %22 | 203
24 73 74 4 2 75 93 14
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4.3 Results and Discussion

Qact v/s H(mm)

——0

Qact

H(mm)

Fig.4.4. Variation of Flow Rate with Float Position for Various Semi
Angles of Divergence

Fig.4.4 shows the variation of flow rate with height of
the float for various values of . It is seen that at any
given height the flow rate increases with increasing
The dependence is non-linear.

The dependence of maximum flow rate Qua on  for

this rotameter is shown in Fig.4.5. It is observed that as
increases Qmax iNcreases none linearly.

Qmax vis (deg)

Q max

(deg)

Fig.4.5 Maximum Flow Rate on Angle of Divergence for this Rotameter

Typical pressure and velocity contours as well as
velocity vector plots are given in Figs. (4.7), (4.8), (4.9).
These plots are drawn for —=1.5° and flow rate Q=
43.65 Ipm. It is observed the pressure drops suddenly as
the flow passes over the float, the velocity is maximum
in the annulus area between float and tube. The velocity
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vector plot clearly shows the separated region and re
circulating flow behind the float.

A

2170403

-9.090+02 -3.960+02 1.180+02 6.320+02 1160403 1.660+03 2.690+03 3.200+03
=

Contours of Static Pressure (pascal) Jun 21,2017

ANSYS Fluent 16.0 (axi, dp, pbns, skw)

Fig.4.7. Pressue Contours for—=1.5° and Flow Rate 43.65 Ipm

i

0.008+00 3.230-01 6 460-01 9.690-01 1.280+00 1.616+00 1.840+00 2.260+00 2 680+00

Contours of Velocity Magnitude (mis) un 21, 2017

i
ANSYS Fluent 15,0 (@, dp, pbns, skw)

Fig.4.8. Velocity Contours for—=1.5 and Flow Rate 43.65 Ipm

1168400

160803 3.899-01 7.760-01 1.660+00 1948400 2.330400__2.680+00

Velocity Vectors Colored By Velocity Magnitude (m/s) Jun 21,2017
Kw)

ANSYS Fluent 16.0 (axi, dp, pbns, skw)

Fig.4.9. Velocity Vector for—=1.5 and Flow Rate 43.65 Ipm

V. DRAG COEFFICIENT OF VISCOSITY
COMPENSATING FLOAT IN NON-NEWTONIAN
FLUID

Rotameter can be used to measure flow rates both liquid
and gases. In most of the applications liquid is
Newtonian character. However in many chemical,
polymer, as well as petroleum industries it becomes
necessary to measure the flow rate of Non-Newtonian
fluids. Some examples of non-Newtonian fluids are
polymer solutions (like CMC, Polyox,) gums, resins,
enamel paints etc.

There are several types of Non-Newtonian fluids like
Bingham plastic, power law fluid, yield pseudo plastic
etc. A Non-Newtonian fluid is defined as fluid which
does not follow Newton’s law of viscosity. The
relationship between shear stress (%) shear rate (L) is in
a Newtonian fluid is given by

=P,
Where
p=coefficient dynamic viscosity of the fluid
For a Newtonian fluid p is a property of liquid which
will depend on pressure and temperature. However in a
Non-Newtonian fluid shear stress is no longer linearly
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proportional to shear rate and hence viscosity becomes
dependent on shear rate. One of the most common Non-
Newtonian fluid is pseudo plastic fluid or power law
fluid. For this fluid the relationship between shear stress
and shear rate is given by

n=K.uy"
Where
n- Power law index
K- Consistency index
The apparent viscosity of the fluid is defined as

For a Newtonian fluid n=1 and hence ,p, =k=p. Hence
Mapp Will be a constant, however for a power law fluid
Mapp depends on shear rate.

If n<l pgp, decreases with increasing shear rate and
hence is called shear thinning fluid and n>1 pgp,
increases with increasing shear rate and these are called
as shear thinking fluid. In petrochemical industries shear
thinning fluid are more common (n<1). Hence analysis
made for such fluid.

When a rotameter calibrated in water is used to measure
pseudo plastic (shear thinning) fluids the indicated flow
may not be actual flow rate. Hence it is necessary to
study flow of Non-Newtonian fluid through rotameter
and understand its effect on the drag force of the float.

5.1 Study owiscosity Compensating Float

Hence in this chapter drag coefficient of a viscosity
compensating float of a rotameter place inside the tube
for the flow of Non-Newtonian fluid is investigated.
Here viscosity compensating float is taken to be 2D
analyses used in ANSYS workbench and geometry is
considered as 2D symmetric model. The purpose of
analyses for two different diameter ratios namely 0.75,
0.9 and two different Reynolds numbers namely 100
and 500.

Fig.5.1 shows the geometry of the flow domain for
viscosity compensating float and diameter ratio is 0.9 as
fixed. Upstream length (Ly) is assumed as five times of
the inlet diameter of the tube (5D) and downstream
length (Lp) is ten times of the inlet diameter of the tube
(10D).

Lv Lo

Fig.5.1 Geometry of Viscosity Compensating Float
L- Length of the pipe=330 mm
Ly- Upstream length = 100 mm
Lpo-Downstream length = 200mm
R-Radius of the pipe= 10mm
r= maximum radius of float =9 mm

Float Dimensions In mm

+
!

¥ 20 3

B—
PBm—

—
—o]

Fig.5.2Float Dimensions of Rotameter

AXIS

Fig.5.3Meshing and Boundary condition of Viscosity Compensatindrloat

Fig.5.3. shows that meshing of geometry and boundary
condition of the flow domain. In the boundary condition
at the input data is velocity 1m/s, density 1000kg/m?,
and outlet gauge pressure is zero. Here meshing is done
by using quadrilateral elements and fine refinement at
the wall and float. Chosen convergence criteria 10° is
given. And approximately 75000 elements are used in
this analyses.

The fluid is assumed to incompressible and follow
power law model. Hence n =K., " the values of k and n
are specified as input data for power law fluid. The
definition of Reynolds number is modified is given as

RePL—

It is observed for a Newtonian fluid (n=1) Rep =Re
(k=p). Analyses have been made for different values of
n namely n=1, 0.8, 0.6, 0.4, 0.2. For each of the power
law index the value of k is computed so that Reynolds
number for all fluids will have the same value.
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5.2 Range of Paraeters Studied

The values of density ("), velocity (V), diameter (D),
are taken as constant. Hence " = 1000kg/m3, V=1m/s,
D=20mm. Computations have been made for two
diameter ratios namely d/D=0.9, 0.75. CFD analyses
have been used to compute drag force on the float. The
coefficient drag is calculated from this data. Analysis
have been made at these to Reynolds number for 5
power law fluids having n=1, 0.8, 0.6, 0.4, 0.2.

As mentioned before computation have been made for
two Reynolds numbers namely 100 and 500. Tables.5.1
and 5.2. Given the computed values of Fp and Cp for
different values of n. It is to be noted the value of k for
each case is chosen so that power law Reynolds number
remains same any set of data. It is observed from this
table that any given Reynolds numbers Fp decreases as
the value of n also decreases similarly trend is also
observed in Cp_ Further at any given value of n the value
of Cp decreases with increasing Reynolds number. The
range of Reynolds number chosen in this analyses are in
the laminar regime. Since the effect of non-Newtonian
behaviour is more predominant in laminar regime the
data presented in these Tables corresponds to diameter

variation n in similar. However the values of Fp and Cp
at this diameter ratio are much smaller as compared to
d/D =0.9.

n k Fo Co
1 0.20 4.268 27.17
0.8 0.63 3.608 22.97
0.6 2.00 3.135 19.96
0.4 6.42 2.801 17.83
0.2 21.00 2.598 15.28

Table. 5.3 Computed Values of drag coefficient in the flow of non
Newtonian fluid for Re=100 { =1000kg/n?, v=1m/s, D=0.05m, d/D=0.75

n k Fo Co
1 0.20 1.486 9.46
0.8 0.63 1.329 8.47
0.6 2.00 1.222 7.78
0.4 6.42 1.170 7.45
0.2 21.00 1.142 7.27

Table. 5.4 Computed Values of drag coefficient in the flow of non

Newtonian fluid for Re=500t =1000kg/n?, v=1m/s, D=0.05m, d/D=0.75

ratio of 0.9.
n k Fo Co
1 0.20 17.18 109.4
0.8 0.63 12.32 78.44
0.6 2.00 10.34 65.83
0.4 6.42 9.65 61.44
0.2 21.00 9.45 60.10

Table. 5.1 Computed Values of drag coefficient in the flow of nor
Newtonian fluid for Re=100 { =1000kg/n?, v=1m/s, D=0.05m, d/D=0.9

n k Fo Co
1 0.04 8.617 54.86
0.8 0.1263 8.039 51.18
0.6 0.4006 7.876 50.15
0.4 1.282 7.755 49.37
0.2 4.202 7.724 49.18

Table. 5.2 Computed Values of drag coefficient in the flow of nor
Newtonian fluid for Re=500 ¥ =1000 kg/n?, v=1m/s, D=0.05m, d/D=0.9

Tables.5.3 and 5.4. Give the results for diameter ratio
0.75. It is observed that the trends of Fp and Cp with a

5.3 Results and Discussions

Figs. 5.4 and 5.5 so the variation of Cp with respect to n
for 2 diameter ratios namely 0.9 and 0.75 respectively.
This Figs graphically confirm the variation of Cp with n
as described earlier. Since value of Cp depends on n it
can be expect that the float position in rotameter will
change with change in the value of n.

CDvsNn

Re 100
Re 500

CD

n

Fig.5.4 Variation of Cp for Power Law Index with Diameter Ratio 0.9
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Fig. 5.5 Variation of Cp for Power Law Index with Diameter Ratio 0.75

Typically plots are pressure and velocity contours as
well as velocity plot are given in Figs.5.6, 5.7, 5.8.
These plots are drawn for diameter ratio 0.9 and
Reynolds number 500.

6.1 Ddails of Rotameter Used in Analysis

The rotameter which is used for this analysis is the one
which exits in fluid mechanics laboratory. The various
dimensions and specifications of this rotameter have
already been given in section (3.3) of chapter 3 under
the validation and methodology. The various dimension
and specification are given briefly Figs.6.1and 6.2. For
the sake of completeness.

A) Dimensions of the Tapered Tube:

Dout

1 lpm
0.875 Lpm
0.75 Lpm

05 Lpm

025 Lpm
07 Lpl

T

3

Oin

Fig. 6.1Dimensions of the Tapered tube

o Where

1.748+00

2.616+00 6.220+00 5.086+00 7.260+00

Colored By a (mie) Jun 23, 2017
arm)

ANSYS Fluent 16.0 ax, dp, pbne, lam)

Fig. 5.8 Velocity Vector

VI. METERING OF NON-NEWTONIAN FLUIDS
BY ROTAMETER

The computations discussed in the previous chapter
have shown that the drag force on the float in a
rotameter is affected by the non- Newtonian of fluid.
Hence when a rotameter calibrated in water is used to
measure flow rate of power law fluids the indicated
flow rate may not be exactly equal to actual flow rate. In
order to study this effect, the flow of power law fluid
through on actual rotameter is analysed and the results
are presented this chapter.
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Inlet diameter = D;, = 25.48mm

Outlet diameter = D=36.85mm
Vertical height of the tube= T, =260mm
Half Taper angle = 06=1.12".

B) Dimensions of the float:

27mm

25mm

30mm

18mm 24 5mm

14mm

Fig.6.2 Dimensions of the Float

Material Density = pe= 1080 kg/m?
Water Density = p,,= 1000 kg/m*
Volume of float= V¢ = 12584.46 mm?®

It is well known that Non-Newtonian effect is more
predominant in laminar flow. Hence the range of flow
rate for this rotameter has been modified to 0-1 Ipm, so
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that the flow is in the laminar regime for water flow. As
a first step characteristics of rotameter is analysed for
water flow in the range 0.1 to 1 Ipm. In order to
accommaodate this reduction in the flow rate the density
of the float is modified to 1080 kg/m® while keeping all
the dimensions as constant.

Thus equilibrium drag force now becomes
Fo= (""" w) * VE' g
= (1080-1000) x12584.46x 10 x9.81
=9.81x10° N
As a first step the characteristics of rotameter with water
flow is established.

C) Flow rate markings

Flow rate markings on the glass tube have been
modified at various intervals in the range 0.1-1 Ipm. The
heights of each marking from the inlet have been
measured and the ratio of diameter of the float and
diameter of the tapered tube at float position are
tabulated in Table.6.1

D

Qina (Ipm) H (mm) —_
Dy
0.1 57.5 0.968
0.25 86.5 0.927
0.5 129 0.874
0.75 166 0.823
0.875 183 0.814
1 199 0.798

Table.6.1Height of markings from Inlet (Float Height)for different
Flow rates and Diameter ratio at that position

range 0.1-1 Ipm. For different flow rates the inlet
velocities corresponding to that flow rate is specified as
boundary condition at the inlet of the pipe (see Table
6.2).The 2D axisymmetric model is constructed using
ANSYS software design modeller.

Fig.6.4 Mesh Used around the Float Used in the Analysis of Actual Rotamete

Since the diameter of the tapered tube increases the
number of elements also around the float increases
uniformly as the float position and flow rate also
increases. The options used for meshing is face sizing,
refinement and face split (for the fine mesh around the
float). And convergence criteria 10° been set. For
equilibrium of the float the drag force has to be equal to
9.81*10° N as per the calculations.

6.3 CFD Analysis of Water Flow through

Rotameter

The flow of water through in the rotameter at various
positions of the float are analysed and at each position
the inlet velocity (hence the flow rate) at which the
equilibrium drag force is computed using CFD. The
procedure and other details are already given in chapter
3.3 and hence are not repeated here. The results from
the computation are given in Table.6.2

6.2 Flow Domain and Boundary Conditions Used

In CFD Modelling

Fig.6.3 Geometry and Boundary Conditions Used for the

Analysis of Actual Rotameter

Fig.6.3 shows the geometry of flow domain and
boundary conditions used in CFD analysis. Geometry is
considered as 2D axisymmetric and hence only half of
the domain is analysed. The float is placed at different
positions corresponding to different flow rates in the

(lQp (|;|T'I . Uin FD Ucorr I:Dcal CD Re (QIF‘;I
- m/s N m/s N w
B e | || t
o1 | 57 | 09 | 0003 | 00s6 | 0001 | 0.009 | 202 | ., | 0.04
115 | 6| 26 | 4 36 | 79 | 12 17
02 | 86. | 0.9 | 0008 | 0.019 | 0.005 | 0.009 | 345 | 20 | 017
5 | 5 [ 27| 17 | 84 | 71 | 80 | 0 | 8| 5
05 | 120 | 08 | 0016 | 0.009 | 0.016 | 0.009 | 153 [ 41 | 050
: 7| 3 81 3 81 | 8 | 5| 0
0.7 0.8 | 0024 | 0.006 | 0.029 | 0.009 62 | 0.89
5 | 166 ] 23 | 5 90 2 79 | 992 | 4| 4
08 0.8 | 0028 | 0.006 | 0.036 | 0.009 72 | 1.10
75 | 1881 14| 6 15 1 go | 80| 9| 5
0.7 | 0032 | 0.005 | 0.043 | 0.009 84 | 1.32
1119 ] g5 | 6 63 1 s | ™o o

Table.6.2. Computed Results for Water Flow

For this analysis water
” =1000kg/m3, p=10" Pas,

properties are taken as
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It is observed that the range of Reynolds number is 84 (H R| Un | Fou | Ueor | o (le (?m oo
m b pm pm rro
to 840 for the range of flow rate 0.1 to 1 Ipm. For the | m) | = (ms) | N | (ms) ) ) ‘
initially specified value of flow velocity, the computed | 5/ | § | 9574 | 00013 | 00087 | 00014 1 30 1 0041 054 | 267
drag will not be equal to equilibrium value. Hence the | g 11541 | 00057 | 00007 | 00057 | 33 | 017 [ oa7 |,
inlet velocity modified by using standard procedureto | ° | g | © ! ! T !
obtain the required drag force. The calculated value of | g | 1 L3241 | 0163 | 00097 | goie6 | 15| 050 | 050 | ;g
the flow rate is given as Qcl in the Table. The flow is in >
- - - 6 1.43x1 0.0097 10. 0.89 0.91
the laminar regime. And the values of Re are also given | 166 2| Vos | ooz | T 0099 | gy |y . | 235
in Table.6.2. It is also observed that the value of Cp 7
) . ) . . . 183 | 2 | M40 | oozer | 90097 | gozes | 87 | 110 | 112 | 4
decreases with decreasing diameter ratio and increasing 9| O 7 7 5 6
H 8
Reynolds number. These trends have been discussed | o, | , LS| g gq | 00087 | gy | 75 | 132 | 134 | g
earlier. 0
Table.6.3 (b)Computed Values of drag coefficient in the flow of noaNewtonian
fluid for n=0.8
6.4 Analysis of the Flow of Power Law Fluid
through Rotameter at Equivalent Reynolds Number,—— 1. 0 o Tom | %
(mm k (mllns) (RIC;“ (ni;)g) Cp | (Ipm | (pm | Erro
CFD analyses have been made for the flow of power ) ) ) r
law fluid having different values of K and n have been | s75 | § | %20 | 000t | 0009 | 0.00L | 99 1 0041 004 1 535
made f_OI’_ this rotameter. For any given _value of n and e S 1a2x | 0005 | 0009 | 0005 | @ | 017 | 017 | -
the position of the float the value of K is calculated so g | 0° n 76 80 | 9 | 5 74 '
that the power law Reynolds number corresponding to | o | § | 175 | 0016 | 0009 | 0016 | 15 | 050 | 051 | g0
. . . 10° 3 81 8 31 0 4 '
the same inlet velocity is equal to the Reynolds number 2
obtained from water flow at that position of the float. | 166 | 2 | 225 | 0929 | 0009 | 0030 | 98 | 089 | 092 | 446
. . . 4
Using this value of K as input data the drag force on the 7
. A 183 | 2 | 219 | 0036 | 0009 | 0036 | 84 | 110 | 112 | .,
float is calculated. In case this is not equal to the o | 1 7 0 3| 5 9
equilibrium force, the inlet velocity is modified as per | .~ | % | 231x | 004 | 0000 | 00ss | 73 | 132 | 134 | , o
. 10° 1 7 1 6 -
the procedure already discussed. Hence the flow rate of o] " i 0o °
. . el Table.6.3 (c)Computed Values of drag coefficient in the flow of nonNewtonian
the fluid for various positions of the float (Q) are fuid for 1=0.6
calculated for each value of n. The results are presented
in Tables.6.3.
H Q [ Q %
(m R k (ﬁ‘/"s) TKJC;I (Un:;’;’) Co | (Ipm (IpF;TL1 Erro
. . . . m | e ) ) ;
For this analysis, properties of the fluid are
" 3 . 57. 8 8.94x 0.0013 | 0.0097 | 0.0014 | 99. 0.04 0.04 4.07
=1000kg/m".the values of k and n are specified. 5 | 4| 10 6 9 2 92 | 17 | 34 :
2
86. 1.55x% 0.0057 | 0.0098 | 0.0058 33. 0.17 0.17
5 g 103 1 0 1 64 5 8 17
H Qv | Qo |
m | R K Uin Foar | Yeor | | om | gpm | Erro 4| 23ax 0.0098 15. | 050 | 051
m) ow (m/s) (N) (m/s) L ) ) r 129 1 i0.3 0.0163 ’ 1 0.0169 31' .O '7 -3.40
5
57. 8 9.78x 0.0013 | 0.0097 | 0.0013 | 98. 0.04 0.04 6 2.68x 0.0097 9.5 0.89 0.93
5 | 4| 10% 6 8 9 2 | 17 o5 | 192 || 166 421 10° | 00202 p 0.0304 | °g 4 o | 402
2
86. 1.07 0.0057 | 0.0097 | 0.0057 | 33. 0.17 0.17 7 x
5 | O lo»sx 1 9 4 86 | 50 60 | 108 || 183 | 2 Sizoi 0.0361 0'0898 0.0372 8i4 1'510 1_;3 -2.98
8 9
4
1.14x 0.0098 15. 0.50 0.50 8
129 é 10° | 00163 0 0.0165 | o o a0 | 080 || 199 g 3i&(‘>)$3>< 0.0431 0.0g97 0.0443 74.13 1.032 1.;,5 265
6 Table.6.3 ( d)Computed Values of drag coefficient in the flow of noaNewtonian
166 | 2 B [ 0o2e2 | OB | ooaee | 0P | 090 | 00 | a9 (dhCompu e dty meoa " '
7
183 2 1:'[%%;( 0.0361 0'0898 0.0365 8['13 1';0 l'él -1.18
9 H Qw QpL %
8 (m R k (x‘/g) iﬁf)a' (Un:}’g) Co | (lpm | (pm | Erro
199 | 4 1'1%3? 0.0431 0‘0897 0.0435 753 1'32 1'24 182 ([Lm) | ) ) r
0 57. 8 | 8.77x1 | 0.0013 | 0.0097 | 0.0014 | 99. 0.04 0.04 479
Table.6.3 (a)Computed Values of dragcoefficient in the flow of non- 5 4 0* 6 7 3 72 17 37 )
Newtonian fluid for n=0.9 86. | o | 185x1 | 00057 | 0.0098 | 00088 | 33 | 017 | 017 | .
5 8 0® 1 0 3 43 5 8 -
4
3.22x1 0.0098 15. 0.50 0.52
129 é o? 0.0163 1 0.0170 25 0 0 -4.03
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166 | 2 | “45% | 0002 | 00098 | o305 | 05 | 089 | 098 | 446
2o 0 7] 4 | 3
7

v | 5 | 59 | goger | 09097 | gz | 83 | 120 | 114 | oo
2o 8 6 | 5 | 7
8

199 | 4 | 291 | o031 | 00097 | goaas | T2 | 132 | 136 ) 540
e o 7 70 0 | 1

Table.6.3 (e )Computed Values of drag coefficient irthe flow of non-Newtonian
fluid for n=0.2

Table.6.3 Rotameter Performance with Pseudo Plastic Fluid for

Various Values of n and k Value Adjusted to give equal

Reynolds Number in water

Tables 6.3. gives the computed values for various
values of n. It is to be noted that the value of k for each
flow rate is calculated so that the power law Reynolds
number becomes equal to Reynolds number for water at
that position. Hence in this analyses we are comparing
the performance of rotameter with pseudo plastic fluid
when Reynolds numbers are same in the both water
flow and liquid flow. For any given float position inlet
velocity is specified as the same value that exits for
water. However the data will not be corresponding to
any single fluid since the value of k changes with flow
rate. The computed values of k for each individual n are
given in the Tables. As an initial guess the inlet velocity
corresponding to water flow is given and drag force on
float is computed. Then this velocity is corrected to in
order to obtain designed drag force. The flow rates at
which this occurs are also tabulated as Qp_ The
deviations between Qp_ and Qw are calculated and are
given in the Table.6.3.

Hence if the rotameter is calibrated in water and is used
for measuring the flow of power law fluid Qp_ is the
actual flow rate whereas Qw will be the flow indicated
by the meter. The difference between these two
represents error in the measurement. It is observed that
the tabulated values that Qp_ are always larger than Qw
and the % Error depends on the value of n. However the
errors are not very large.

The average % Errors are - (1.340), (1.945), (2.54),
(3.138), (3.63) for n=0.9, 0.8, 0.6, 0.4, 0.2 respectively.
It is observed as the value of n decreases errors are
increasing. This conclusion is valid only when Reynolds
number during measurement is same as that for water
flow.

6.5 Analysis of Flow through Rotameter of Non

Newtonian Fluid (With Constant k)

In the previous section, the value of k for any given
value of n was changing with position of float in order
to keep Reynolds number same both in water as well as
non- Newtonian fluid. In the present analysis, for a
particular value of n the value of k is calculated for the
float position corresponding to H= 129mm, at this flow
rate in order to achieve the same values Re. Thus at this
position both Rep_and Rew are equal. This value of k is
kept constant for at other flow rates for any given value
of n. Hence this analysis corresponds to metering of a
single fluid by the rotameter. The results are tabulated in
Tables.6.4. (a) to (e).

It is observed from the tabulated values that at lower
flow rates Repl will be less than Rew whereas reverse is
true at higher flow rates. This effect becomes more
prominent with decreasing value of n. Thus it is
observed that from Table.6.4. (e). for H=57.5mm R¢,=
84 and R¢,=23. However for the same value of n at
H=199mm, Rey= 1100, Re,=1443.

%
H U\n FDca\ Ucurr Re Re QW QPL ?
m | mis) | Ny | sy | ©° (p | (p | Er
w pL m) m) or
m)
57. | 0.001 | 0.009 | 0.001 | 98.1 ga | 71 0.04 | 0.04 -
5 36 78 42 2 17 34 4.07
86. | 0.005 | 0.009 | 0.005 | 338 | 20 | 19 | 0.17 | 0.17 -
5 71 79 80 6 8 6 5 8 1.73
12 | 0.016 | 0.009 | 0.016 | 152 | 41 | 41 | 0.50 | 0.50 -
9 3 80 5 2 5 9 0 40 1.08
16 | 0.029 | 0.009 | 0.029 062 62 | 65 | 0.89 | 0.91 -
6 2 78 9 ’ 4 5 4 5 2.34
18 | 0.036 | 0.009 | 0.036 .34 72 | 77 | 110 | 112 -
3 1 80 8 ’ 9 7 5 5 1.80
19 | 0.043 | 0.009 | 0.044 738 84 | 89 | 1.32 | 1.34 -
9 1 79 1 ’ 0 7 0 9 2.19
Table.6.4 (a)Computed Values of drag coefficient in the flow of non
Newtonian fluid for n=0.9 K=1.14x10%

H Quw | Qe %
o | by | G|y | S ||| @ | e
m) ew oL m) m) r
57. | 0.001 | 0.009 | 0.001 | 97. | 8 60 0.04 | 0.04 5.75
5 36 76 45 50 4 17 41 !
86. | 0.005 [ 0.009 | 0.005 | 33 S 18 | 0.17 | 0.17 298
5 71 7 86 75 8 2 5 9 :
4
0.016 0.009 0.016 15 41 0.50 0.50
1291 73 79 6 |4 |6 | o | s |
6
0.029 0.009 0.030 10 67 0.89 0.92
166 2 78 3 81 i 7 4 6 -3.58
7
0.036 | 0.009 | 0.037 | 87 81 | 110 | 1.13
183 1 7 2 7 S 6 5 8 -2.98
8
0.043 0.009 0.044 7.5 95 1.32 1.35
199 1 80 4 5 g 5 0 8 -2.87
Table.6.4 (b)Computed Values of drag coefficient in the flow of non
Newtonian fluid for n=0.8 K=1.32x1C°)
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(n'jm Un | Foar | Usor | o | % | Ren a‘Sﬂn (%;; o Typical pressure and velocity contours plot as well as
D e . - -
I I ) P A Y I IO velocity vector plot for the flow of non-Newtonian fluid
0.001 0.009 0.001 99. 8 0.04 0.04 - . .
S5 1 a6 78 a9 | g |a| R | 17| a7 | 710 are shown in Figs.6.5, 6.6, 6.7. These plots are drawn
ges | 0005 | 0009 | 0005 |33 | 2| | o017 | o017 | - for —=1.12° and flow rate 0.5 Ilpm and n =0.9
: 71 76 88 93 8 5 8 171
4
0.016 0.009 0.016 15. 0.50 0.51 - vzl
129 1 73 81 8 |3 |L]"] o 4 | 280 g
166 | 0029 | 0009 | 0030 | 98 | 5| .| 089 | 093 | - T e
2 e e P s | s Jam | HEa—-— .
7
0.036 0.009 0.037 8.4 1.10 1.14 -
183 1 77 5 3 S 913 5 7 3.80 -1.730+00 151602 1.708+00 3.426400 5148400 6.068+00 8.500+00 1.030+01 1260401
19 0.043 0.009 0.044 73 Z 109 | 132 137 _ e ANSYS Fluent 16.0 (i, di. pins, 1y
! s 8 6 0 8 0 0 378 Fig.6.5 Pressure Contours for Q= 0.5 Ipm
Table.6.4 (c)Computed Values of drag coefficient in the flow of non
Newtonian fluid for n=0.6 (K=1.175x1C)

VII.  CONCLUDING REMARKS

H Qv | Q % . .
(mm (ﬁ}é | F(&c)a. (umc;,;) s R pr dom | om | Erro 7.1 Major conclusions
) ) | ) | T The various conclusion that have been drawn from
575 0.001 0.009 0.00 99. 8 2 0.04 0.04 8.87 .
36 79 | 15 | 92 | 4 17 | 54 different aspects of the present work have already been
2 . . . . .
g5 | 0005 | 0009 | 000 | 33 | o} 13 | 017 | 018 | o, given in various chapters of thesis. The following
71 80 592 64 8 8 5 1 N
2 general conclusions can be drawn.
0.016 0.009 0.01 15. 41 0.50 0.51 .
129 1 73 s |60 [a|f|s5 | o | 7 |*] 9 A validated CFD methodology can be used to
1o | 0029 | 0008 | 003 o5 | S | 70 | oso | 0ss | accurately predict the performance of rotameter.
2 L A ' R 2 However care has to be taken to properly discretize
1 0036 | 0009 | 0.03 | 84 Z 10 | 110 | 116 | ., the domain and choose proper turbulence model.
81 B0 | 80 |1 |2|23| 5 |2 [P )
5 9 The angle of divergence of tapered tube has a
0.043 0.009 0.04 7.3 12 1.32 1.38 R
19917 78 | 53 | 4 |o|62]| 0 5 | 492 marked influence on the range of flow rate that can
Table.6.4 (d)Computed Values of drag coefficient in the flow of non be measured in a rotameter. Usually this semi angle
Newtonian fluid for n=0.4 K=2.34x10) of divergence is chosen in the range 0.5°to 2°. The
effect of —on the maximum flow rate is quantified
9 for a given rotameter.
(rﬁm Uin FDcaI Ucurr CD R Rep (ﬁ% (%PFII:I EI'/:O g . . . . .
y | s | N mis) w | L ) ) B 9 The drag characteristics of a viscosity compensating
575 | 0001 | 0009 | 0001 | 99 | 8 | ,, | 0.04 | 004 | oo float inside a pipe for the flow of pseudo plastic
: 36 2 6 ) . . .
LA I ‘2‘ S s fluid have been studied this has been done for two
gos | 0995 | 0009 1 0005 ) 33 | o | 121 0171 038 1 400 diameter ratios and two Reynolds numbers in the
8 . . . .
i laminar regime. It is observed that the value of Cp is
129 0.016 0.009 0.017 15. 1 41 0.50 0.52 4.03
3 81 o |5 ;|5 | o0 0 - affected by the values of k and n.
166 | 0020 | 0009 | 0030 | 95 g 86 | 089 | 094 | o 1 When a rotameter calibrated in water is used to
2 S I LA S I R measure the flow of non-Newtonian fluid, the
7 . . .
1g3 | 003 | 0009 | 0038 1 83 ) p | M| IO 1T ] 6 indicated flow will always be less than actual flow
3 as long as Reynolds numbers are in same range. The
199 0.043 0.009 0.045 7.2 4 14 1.32 1.39 590 . . . -
1 77 7 7| w0 8 - error in measurement increases with decreasing
Table.6.4 (e)Computed Values of drag coefficient in the flow of non value of power law index.
Newtonian flid for n=0.2 &=3.22x10) I The maximum error will be of order of -5% as long

as care is taken to ensure the Re numbers are in the
same range as that of water and flow is in the
laminar regime.

Table.6.4. RotameterPerformance with Pseudo Plastic Fluid for
Various Values of n

It is observed form the tabulated values of the % errors

between Qp and Q,, have increased as compared to the

earlier case when the Re are kept same. Again deviation

increase with decrease in the value of n
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7.2 Scope for Future Work

This work can be extended to include additional

parameters. Some of them are listed below.

9 The fluid has been assumed as incompressible for
the present analyses. The compressibility effect on
flow metering by rotameter can be studied. This will
be particularly useful for metering of gases at low
pressures.

9 The work can be extended to other types of non-
Newtonian fluids like Bingham plastic, yield pseudo
plastic etc.

M The effect of unsteadiness in the flow as well as
upstream disturbances can also be studied for both
Newtonian and non-Newtonian fluids.
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