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Abstract

This paper describes the fluid flow simulation results in the working space of fixed flow
capillary viscometers of different configurations that are obtained on the basis of numerical
solution of the Navier-Stokes equations for laminar flow using the experimental method. The
influence of the capillary tube length and shape of the cylinder at the bottom the metrological
characteristics of the viscometer. Given received during mathematical experiment conducted, the
results developed functional diagram of the device measuring the viscosity.

The aim of this paper is to model a few script using Fluent. The purpose of doing so was to
see how exact the program at modeling fluid flow viscometers in liquids in order to see if
computational fluid dynamics has preceding enough to do away with the classical methods.
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1. Introduction

At the present time in various industries there is a substantial intensification of technological
processes. For are used control and monitoring of these processes modern automated systems,
including a variety of technical means. The greatest proportion of measurement errors in these
systems is field-level technical facilities, which include automatic and capillary viscometers. For
complete elimination of the error hardware first level of automation is not possible, but it can be
reduced. Improving the accuracy of measurement is currently an urgent task. For this purpose it is
necessary to study more deeply the hydrodynamic processes within the workspace capillary
viscometers. To solve this problem with high accuracy one have to enable modern methods of
computational fluid dynamics (CFD) and Compressible Navier-Stokes (N-S) equations that lead to
the equation for the total specific energy which can be splitted into two separate equations for the
one internal energy and the other kinetic energy[1] .

Experimental investigation of flows in the various studied when the experimental and
theoretical viscosity rate were known search the scope of a process on how the spare viscosity of a
liquid can be fixed without the learning of it spaper value is calculated in a large numbering of
papers (Dikko A. B., et al., 2014)[ 2].
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These works term results for various A three-phase of axisymmetric numerical paternal based
on dimension of Fluid—Continuum flat Force (VOF-CSF) model was advanced to proceed
parametric test of component droplet output in three-phase glazier glass capillary devices that take
in co-flow and countercurrent flow focusing (Seyed Ali Nabavi et al., 2015)[ 3].

The modern methods of viscosity measurement in most widely capillary. Its main advantages
are the relative ease of implementation and the possibility of a sufficiently accurate simulation of
the measuring procedure. However, in any case, based on capillary measurement method for
different methods of its implementation is the law of Poiseuille, which operates under the condition
of existence of fully formed parabolic flow velocity profile, and the condition of constant pressure
gradient along the entire length of the capillary tube.

The velocity distribution across the intermediate fluid layers:

LTI TP (1)
This ratio is referred to shear stress:
Force — shear stress a2 = /,tﬂ ....................................................... (2)
area y oY
Which can be expressed in differential form:
Shear st = —p L

ear stress 7, = —u-=

_TH pdux] _ _ pdux
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For incompressible flow
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Txy = _UT .......................................................................... (4)

Figure (1). Schematic diagram of an exemplary device implementing this method includes three
main elements - the storage and collection tanks and connecting them capillary tube.
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Figure (1) Schematic diagram of the capillary viscometer.
1-storage tank,2- the capillary tube, 3-receptacle
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The classic version of the capillary method of determining the viscosity is realized by follows .
(V )a fixed volume sample liquid is passed by gravity through a capillary with a precisely known

geometric dimensions (dc) and ( L) measured time expiration of (ti).

__ mlAp at .
U= lz’gvfc“ ................................................................................... (5)

Where in Table (1)

Symbol Means Units
M Dynamic viscosity. [Pa * s]
APk Pressure drop across the capillary tube. [Pa]
Dc Capillary diameter. [m]
Lc Length of the capillary. [m]
Vv Volume of liquid. [m’]
Ti time fluid flowing out. [s]

The desired parameter is calculated. The main source of error in determining the use of such
procedures is considered inaccurate reference time has elapsed The viscometer due to different
temperatures at which the viscometer was calibrated and used for measurement of viscosity of a
liquid[4].

2. Theoretical and mathematical model

The remaining quantities in the equation (5) are considered constant and are entered in the so-
called "device constant.” The value and constancy of the most "constant™ is defined and checked
periodically by spilling through the instrument calibration fluid. However, in fact, with the free
fluid outflow through the capillary viscometer any of the known configuration cannot remain
constant, and decreases continuously in the course of the measurement procedure. For this reason,
the flow rate (Q) through a measuring capillary decreases continuously. This means that due to
violation of conditions (Q) equals a constant absolute value of the coefficient. This method of
determining it cannot be accurate. The latter circumstance is one of the significant shortcomings of
the classic embodiment of a method for determining capillary viscosity. To eliminate the
measurement procedure it is suitable to implement the scheme with the constancy of flow rate, in
this case, the dynamic viscosity is a function of pressure drop across the capillary APy. The
condition of constant (Q) can be achieved using a device with a positive movement of liquid
through the capillary at a predetermined speed. Hydrodynamic characteristics of the processes
occurring in his workspace, such as the formation of the flow at the initial section of flow in the
capillary tube, vortex structures forming at the interface with the bottom wall of the cylinder and the
cylinder bottom to the entrance of the capillary tube, and some others. To explain the possibilities
and conditions of adverse hydrodynamic effects in the workspace, and to assess their impact on the
size and quality of the output signal of the viscometer, held a special mathematical experiment in
which the viscometer workspace was set conutours, presented in Figure (2). Flow simulation was
performed using the two-dimensional mathematical model based on the numerical solution of the
Navier-Stokes equations using finite element method and implemented in the software FLUENT
complex .The original aim of the scheme has been to simulate full scale modeling and to developing
tools to expect likely problems united to incomplete form filling [5].
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\L W=constant \L W=constant

J/ W=constant

Figure (2) Contours workspace viscometer.

Fluid, in many cases, is part of our life. Our body consists of 80% of fluids, a tiny single cell of
plankton consists of fluids, the earth and the atmosphere consist of a large area of fluids[5].

The viscosity of Newtonian fluids is influenced by temperature, pressure, and,

in the condition of setting and mixtures, by composition. The effect of pressure

and temperature on the viscosity[6].

Measurement marks on the glass body are shown in figure (3), or accurately defined steady
sensors, let the measurement of the passage time of the boundary layer between the sample and the
air (meniscus), a process which can the passage time of a product volume restricted in such a style
to be measured[7].
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Figure. (3) Glass capillary viscometers after :a) UBBELOHDE and b) OSTWALDI6].

Table (2): Literature values of the density r and the dynamic viscosity h of methanol-water mixtures
of different compositions at constant temperature
(T =298.15 K)[8].
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Table ( 3): Literature values of the density r and the dynamic viscosity h of water and methanol at
various temperatures[9].

Methanol

P T
/g-em™ | /mPa-s

0.7915 0.e08

0.7868 0.557

0.7819 0.5209

0.7774 0487

0.7729 0.458

0.7680 0.425

0.7650 0.396

3. Kinematic viscosity

There are several ways to find the kinematic viscosity of a fluid, but the most used method is
determining the time it takes a fluid to flow through a capillary tube. The time is converted directly
to kinematic viscosity using a calibration constant provided for the specific tube. A basic difference
between the dynamic and kinematic viscosity measurements is density. Taking density out of the
equation provides a way to convert a kinematic and a dynamic viscosity measurement.
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4. Kinematic viscosity test
This device used to measure the kinematic viscosity for different types of fluids in viscometer as
shown in figure (4).

Figure (4)Viscometer.

5. The steps of this procedures are experimental of region based in viscometer.

1-Fill the water bath with water until (2 cm) from top, then put the sensor into water bath.

2-In this test three types of fluid used to measure their kinematic viscosity (oil, water, ethanol) by
using appropriate viscometer.

3-There are six of this tubes each one is deferent from others by its capillary pressure size (from 100
to 600) psi which suits with density of fluid used.

Water with tube of size 100 cm>.until reach to red line , ethanol in tube Of size 150 cm® ,& oil in

tube of size 600 cm® then close it from top.
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Figure(b) Test capillary tube.

4-Fill the tubes in water bath as shown in figure (6).
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Figure (6) Capillary tube.
5- Turn on the stator and wait to increase temperature in water, then the sample will move from red
line to top of viscometer from bottom to top red line, recording temperature as shown in figure

(7).

6- Turn off the stator for cooling and record the down time of the sample from top to bottom red
line.
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6. Calculations
Table (4):Experimental values for the density Kinematic viscosity and Dynamic viscosity for the

dynamic viscosity (dv) of Ethanol ,water and oil at different temperatures[9].

Figure (7) Viscometer with capillary tube.

Sample Size of C=constant | Time | Density Temperature Kinematic Dynamic

viscometer cm?/s? s gm/cm? c? viscosity | viscosity

cm?/s gm/cm.s

Ethanol 150 0.0003383 960 789 37 0.3248 256.267
Water 100 0.000146 1260 1000 56 0.18396 183.96
Qil 600 0.18113 2040 904 59 369.505 334032

Kinematic viscosity = C * time when (C= constant for each tube).Dynamic viscosity = kinematic

viscosity *density. Where density=1000 for water,960 for 0il&789 for ethanol.
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(k)

Figure(8) Stage recording temperature , time and flow rate in viscometer with oil
water and ethanol in (a,b,c,d,e,f,m,n,k).
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Left border grid, which set conditions to slide freely, served as the cylindrical axis of symmetry
coincides with the axis X. On the border, representing a rigid wall, set conditions of adhesion. The
task was, unsteady, set conditions gravity toward the axis X. In the calculations, the variable pitch
grid, the finer pitch was placed in the vicinity of the rigid wall and in the bottom of the cylinder
interfaces with the entrance to the capillary tube. This allowed more precisely analyze the flow
pattern in these areas. mathematical experiment results shown in Figure (10 — 14), shown that the
development of the hydrodynamic flow in the initial portion of the capillary tube has a marked
effect form the bottom of the cylinder from which the outflow of liquid. This fact significantly
affects the accuracy of the parameter u (Figure 10). The graph in Fig. 4 shows that a significant
effect on the readings of capillary viscometer also has a working length of the capillary, but rather
the ratio of its total length to the length portion of the hydrodynamic stabilization of the flow. In the
normal mode of fluid flow in the capillary tube can influence the processes of vortex formation in
the bottom of the cylinder and related phenomena. However, when using a conical shaped barrel
bottom of these negative effects substantially weaken. The conical shape of the bottom also
contributes to some reduction in the length of the constriction of controlled fluid flow at the inlet
into the working capillary. Nearly all absolute measurements of viscosity have been based on
capillary flow because of the high precision attainable. The analysis of capillary measurements is
based on the Poiseuille equation[10]. This is confirmed by current distributions lines shown in
Figure (12-14). This means that large Reynolds stresses will generally be plant in areas of high
strain, which most likely produces it easier to get it an accurate experimental formulation for the
ratio of a Reynolds stress to the mean rate of strain than a sample of the Reynolds stress itself. In
truth, the magnitude of viscosity is defined as this ratio, i.e. the ratio between the Reynolds stress
tensor and the pass rate of strain [11].
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Figure (9) Impact of the shape of the working cylinder on the bottom of the results for the viscosity
calculation of dc = 1,31mm, Lc = 120mm at Re = 900.
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Figure (10) Influence of the working length of the capillary dc = 1,31mm, Lc=120mm viscometer results
calculating a parameter p at Re = 900.

Figure.(11)Distribution of current lines in the bottom region of the working cylinder viscometer with a flat bottom in
the forced fluid flow mode (Distilled water) through a capillary dc = 1,31mm, Lc = 120mm, Re = 900.
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Figure. (12) current distribution lines in the area of the bottom of the working cylinder viscometer the
combined form of the bottom (flat and tapered shape) in the forced mode fluid motion (distilled water)
through the capillary dc = 1,31mm, Lc = 120mm, Re = 900

Figure. (13) current distribution lines in the area of the bottom of the working cylinder viscometer
with a conical bottom in forced fluid flow mode (Distilled water) through a capillary dc =1,31mm,
Lc =120mm, Re = 900.
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7. Physical model by Fluent

Theoretical analysis of hydrodynamic picture in the workspace fixed flow capillary viscometers
allow to conclude that this type of viscometers is the most promising for further development and,
that their work may have a significant impact geometry of the storage volume, the geometric
dimensions of the capillary tube depend on the length of the hydrodynamic the initial section, the
restructuring of the kinematic flow along the length of the flow structure tract, vortex formation
processes in the bottom part of the storage volume, nonlinearity of the pressure distribution at the
entrance to the capillary tube. But found that the negative impact of the above factors on the
metrological viscometers characteristics can be reduced using a conical shaped bottom the
cumulative volume of the viscometer, the right choice of the capillary tube length and mode of
measurement procedures.in Fig. 8 is a functional diagram of the automated Viscosity measurement
devices, designed with the results of the mathematical and experimental requirements for modern
viscometers. The numerical methods are useful in Fluent, the coupled solver and the discreted
solver. Both us control-volume-based technique to convert for controlling equations to algebraic
equations that can be solved numerically. In the separated solver path, the governing equations are
solved sequentially. Because the governing equations are nonlinear, an repeated procedure is used
to solve them [12].in These models solve the multiphase Navier-Stokes equations for turbulent
fluid flow, using software such as FLUENT, and provide the flow field for subsequent simulation of
inclusion[13]. The temperature dependence of the measured viscosities is including the viscosities
of toluene at the calibration points for the saturated liquid viscosity[14].
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8. Measurement process Viscometer Flowchart

1-Work block.
2- Thermostat.
3- Transmission.
4- Reducer.

5- Drive unit .

6- power control unit.

Mechanical Model

1-Coolant temperature Sensor.
2- Liquid Temperature Sensor.

3- Over pressure sensor.

4- Count Sensor.

Sensor Model

— 1-Micro controller.
2-Diagnostics.

3-Viscosity calculation.

4- Change of Range.
5-Co-eveluation and correction.

6- Change value.

Computer Electronic Module

Figure (14) Functional scheme of automated devices for measuring viscosity.
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On the basis of this functional unit is divided into 3 modules: mechanical electronic, and sensor
. Mechanical module includes 3 units: the working unit of the kinematic transmission and drive
unit. The main element of the electronic module is a microprocessor-based controller, with
responsibilities for the automatic control functions on algorithms of data processing, implementing
the measurement process, adjusting the measurement range, recording time process data,
diagnostics and functional units viscometer blocks.

9.Conclusions

1- Reliance of the viscosity of the ethanol, water and oil system on the equalization described by
the flat bottom (x) at constant temperature.

2- Reliance of the viscosity of the ethanol, water and oil system on the equalization described by
Kinematic viscosity and Dynamic viscosity at constant temperature.

3- Analysis of hydrodynamic model in the workspace fixed flow capillary viscometers allow to
conclude that this type of viscometer .

4- Development and, that their work may have a significant impact on the geometry of the storage
volume, the geometric dimensions of the capillary tube depend on the length of the
hydrodynamic section.

5- Experimentally determined capillary tube(1,2,3)data or alternatively that obtained from Tables 4.

6- This activation impact of the shape of the working cylinder can be determined from the slope
obtained by the linear in figure (9).

7- The elimination of classical methods in the testing of Flonte and the extent to which they
correspond to the actual results by calculating them in practice with experiments.
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