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 ABSTRACT: 

    The present work is concerned with the theoretical and experimental investigation of flow pattern 

of Newtonian fluid in liquid mixing process in stirred tank with flat blade impeller. A three-

dimensional model for mixing process was simulated. The effected parameters are rotation speed 

and impeller diameter. Continuity, momentum, and turbulent equations were solved by ANSYS 

package software 5.4 code with FLOTRAN/CFD based on Finite Element method. In the 

experimental work, two visualization methods are used in this work, the first method is the acid-

base reaction visualization method and the second is the particle distribution visualization method. 

Different chemical materials were used in the first method, NaOH  as a base, 42SOH  as acid and 

Methyl red as indicator, while polymer particles were used in the second method. The results of 3D 

model showed that the speed rotation directly affected the mixing zones, where the speed reduction 

by half decreasing the mixing zones approximately by half. Also the impeller diameter increasing 

clearly affected the mixing process where the mixing zones concentrated directly above and below 

the impeller. In the experimental work, the acid-base reaction visualization method showed that the 

mixing zones decreased due to the rotation speed reduction depend on the red and yellow colors, 

which describe the good mixing and poor mixing zones respectively. The mixing zones were 

concentrated directly above and below the impeller due to the impeller diameter increasing,. The 

particles distribution method showed that the mixing zones decreased due to the speed reduction, 

while the mixing zones concentrated directly above and below the impeller due to the impeller 

diameter increasing. The results showed a good agreement between the theoretical and experimental 

 works in studying the effect of rotating speed, and impeller diameter .       
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 : الخلاصة

وَورَوووٌ ثنىوبع لملَوخ هلبوس ثبسوزتداي روونَز لوالول لتزلزوخ  وٌ هوشان  هذا الجحث ٍزعلق ثبلدراسخ  العملَخ والىظزٍخ لجزٍبن سبئل 

العوالول المورنزح الزوٌ .  رصمَم نلانٌ الأثعوب  لعملَوخ التلوم رموذ لحب بروس  وٌ هوذا الجحوث. ٍدور  َس السبئل ثواسبخ رٍشخ لسبحخ

لعب لوخ اسسوزمزارٍخ   الوشهم  واساوبزاة روم  ل وب . لزصمَم نلانٌ الأثعوب  هوٌ السوزلخ ثلود وراوَوخ  لبوز الزٍشوخاسزتدلذ  ٌ ا

 وٌ الجبووت . F .E. methodوالزوٌ اسوزىدد ىلوي قزٍاوخ العىبلوز المحود ح    Ansys package FLOTRAN/CFDثواسوبخ 

هذا الجحث البزٍاخ الأولي هوٌ قزٍاوخ رصووٍز رزبلول الحوبل  العملٌ له الجحث   قزٍازبن لزصوٍز جزٍبن السبئل اسزتدلذ  ٌ 

لوا   َمَبئَخ لتزلزخ اسزتدلذ  ٌ البزٍاخ الأولوي هَدرو سوَد الصوو ٍوي . لع الابلدح والثبوَخ هٌ قزٍاخ رصوٍز روسٍع الجشٍئبد

NAOH    42 ابلوودح   ووبل  التجزٍزَووSOH  حووبل   والمثَوول الأ مووز Methely red  تبشووب ثَىمووب جشٍئووبد ثلاسووزَتَخ 

الىزبئج للزصمَم نلانٌ الأثعب  ثظ زد ىن السزلخ ثلد وراوَوخ ثنوزد ثشوتل لجبشوز للوي لىوبقق التلوم .اسزتدلذ  ٌ البزٍاخ الثبوَخ 

خ  َث ثن رالَل السزلخ ىلي الىصب ث ى ىلي رالَل لىبقق التلم رازٍجب ىلوي الىصوب وثشوتل وااوا سٍوب ح الابوز ثنوزد للوي لملَو

 ٌ الجبوت العملٌ قزٍاخ رصوٍز  رزبلول الحوبل  لوع الابلودح ثظ وزد ىن لىوبقق التلوم للوذ ثسوجت واصوبن السوزلخ ثلود .  التلم

لىوبقق التلوم . وراوَخ الزمب ا للي روسٍع الألوان الألزز والأ مز والزٌ رولب لىبقق التلوم الجَودح والرَوز جَودح للوي الزووالٌ

قزٍاخ روسٍع الجشٍئبد ثظ زد ىن لىوبقق التلوم راول وزَجوخ لزالَول السوزلخ . سجت سٍب ح الابزرزز ش لجبشزح  وق ورحذ الزٍشخ ث

الىزبئج ثظ زد روا ق جَد ثَه الجبوت الىظزً و العملوٌ  وٌ  راسوخ . الدوراوَخ  ثَىمب رزز ش  وق ورحذ الزٍشخ ثسجت سٍب ح الابز 

 .رونَز السزلخ ثلد وراوَخ و لبز الزٍشخ

    KEYWORDS: Mixers, Newtonian liquid, Turbulent, Three Dimensional 

 

INTRODUCTION: 

 Mixing is generally considered as a complex subject, but its essence is quit simple: related 

stretching and folding of fluid elements. Stirred tanks are widely used in mixing process for 

blending, liquid-liquid dispersion, suspension formation, heat transfer, mass transfer and chemical 

reactions. Efficient mixing is crucial to the outcomes of all of these processes. For these 

applications, poor mixing can have serious consequences such as excessive by product formation, 

inconsistent product quality in blended products, wide particle size distributions in crystallization 

processes, and slow mass transfer rates in bioreactors, (Ottino, 1989). (Verzico et al, 2000), studied 

the flow induced by an impeller in a cylindrical tank, and showed that the combination of the 

Immersed Boundary “ IB “ procedure with DNS and LES (Large Eddy Simulation), simulations can 

efficiently be used for the accurate prediction and analysis of many technologically relevant 

flows.(Kresta et al, 1991), showed that the three dimensional simulations allow a realistic treatment 

of the baffles, where details of the predicted behavior of turbulence Kinetic energy and dissipation 

rate are in quantitative agreement with the available data. ( Szalai et al, 2002), stated that the ORCA 

uses Galerkin least-squares finite element technology, novel approach to computer aided modeling 

and optimizing mixing process. Computer aided mixing, modeling, and analysis involves 

Lagrangian and Eulerian analysis for relative fluid stretching, and energy dissipation concepts for 
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laminar and turbulent flows. High quality, conservative accurate, fluid velocity, and continuity 

solutions  are required for determining mixing quality.  The present work studied the flow patterns 

and mixing process in the turbulent flow of the liquid stirred mixer. The ANSYScode/FLOTRANE 

CFD that based on finite element method was used for theoretical work       

 

     NUMERICAL SIMULATION: 

      Continuity, momentum, and two turbulence equations were solved in the present work these 

equation are respectively as follows ( Nizar 2006 ): 
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     During the present work F.E method (Finite Element) was used and the numerical simulation was 

carried out by commercial software ANSYS 5.4 code, which is based on this method.             
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Tetrahedral grid and cylindrical coordinate of element FLUID142 is suggested for modeling present 

problem. The flow is assumed to be Newtoian, incompressible, single phase, and turbulent. 

The boundary conditions applied for mixing process are as following:. 
1-No-slip condition at the bottom of the tank, Vx = 0, Vz = 0, and Vy =0                                               

2-No-slip condition at the wall of the tank, Vx = 0, Vz = 0, and Vy = 0).               

3-Flat free slip conditions at the top of the tank.                                                                

 4-Vx = 0.157 m/S., Vz = 0, Vy = 0, at the tip of the impeller, this velocity is changes to 0.0785 

m/S.     in the first case of study.                                                                                                             

 5- = .5,   = 1, at the tip of the impeller. 

     The dimensions of the tank is 0.09 m in diameter, 0.12 m high, and has a liquid height of 0.105 

m. its bottom has a flat plate shape, and the shaft is 0.005m in diameter. Six radial-pumping 

impellers with an outer diameter of 0.03 m, width .012m, and .002m thickness are positioned at 

0.046m above the tank bottom, the impeller and shaft rotate at 100rpm. The fluid has a density of 

1000 kg/m
3

, a viscosity of 0.001 kg/m-s, and the flow is turbulent. The property of the fluid used 

in the present work is for water.  

     A segregated, sequential solution algorithm is used. This means that element matrices are 

formed, assembled and the resulting system solved for each degree of freedom separately. 

Development of the matrices proceeds in two parts. In the first, the form of the equations is 

achieved and an approach take towards evaluating all the terms. Next, the segregated solution 

algorithm is outlined and the element matrices are developed from the equations. 

      

EXPERIMENTAL WORK:  

     A visualization technique based on an acid-base reaction and on particle distribution is used in 

the present experimental work to investigate the flow pattern qualitatively. This is important to 

validate the theoretical work. The experimental apparatus consists of many components, mixer, 

rotor, vessel, regulator,  cover of the vessel, needle, chemical material, polymer particle, digital 

camera, and analog speed meter. It is used to test the flow pattern depending on colors in acid-base 

visualization method and on particle distribution according to the flow trajectories in the particle 

visualization method. Acid- base reaction visualization method is a visualization technique based 

on an acid-base neutralization reaction, also exploits the size and shape of segregated regions in the 

mixing tank. A soluble, PH-sensitive indicator, that appears yellow in base media and red in acidic 

media is added to each of the fluids. When the mixture components come into contact during the 

mixing process, the neutralization reaction instantaneously proceeds at the interface and a color 

change occurs. 
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     Particles distribution visualization method used ellipsoidal polymer particles with longitudinal 

port. The particles in this test illustrate the flow trajectories in stirred tank. 

      

NUMERICAL  RESULTS: 

      The effects of two parameters on flow pattern and mixing process in stirred 

tank were studied. These parameters are as follows: 

1-Rotation speed, which is decreased from 100 rpm to 50 rpm 
2-Impeller diameter, which is increased from 0.03m to .045m. 

  The effect of rotating speed results in Fig.1 shows the same shapes of the radial velocity general 

and the vertical velocity reduced by half, due to the rotating speed reduction. Fig.2 shows that the 

axial velocity is decreased from 0.458 to 0.216m/s or about 53 %, due to the same reason. The same 

general contour shapes in two pictures are occurred. These results closely follow the results of  

Verzico et al, 2000. Fig. 3 illustrates the same behavior of azimuthel velocity contours in general, a 

small change in contours shapes of the second graph above and below the impeller is occurred. The 

azimuthel velocity decreased from0.186 to 0.089m/s or about 50 %, due to the speed reduction from 

0.157 to 0.0785m/s.  Fig. 4  illustrates the two recirculation flow in the regions above and below the 

impeller in each pictures. The recirculations in Fig.4, b above the impeller is shifted up and towards 

the tank wall, due to the speed reduction.  Agreement of these results with that Verzico et al, 2000,. 

The centers of loops below the impeller are closer to the rotating shaft than the loops above the 

impeller in two pictures. The effect of impeller diameter in Figs. 5, a, b and 6, a, b show that the 

meridional plan is roughly divided into two halves by the radial jet flow from the impeller. It can be 

noted that the two recirculations are not symmetric owing to the different boundary conditions on 

the upper and lower horizontal surfaces. An important effect of lower no-slip wall is the strongly 

positive vertical velocity in the lower half of the domain in the region close to the shaft, see Fig. 6, 

a, b. This effect is characteristic of wall-bounded rotating flows. It causes the fluid to be pushed 

radially inward at the plate, see Fig.5, a, b and axially upward at the axis of rotation as shown in 

Fig.6, a, b.  Because of mass conservation, a vertical ascending fluid column at the axis induces a 

descending current at the external radial wall, thus reinforcing the lower-half recirculation with 

respect to the upper one. This is also well evidenced by the radial jet that dose not point exactly in 

the radial direction, but rather has a position vertical velocity close to the blade region and then a 

weakly negative vertical velocity. The radial velocity is increased by 133 %, while the axial 

velocity is increased by 57 % in general and particularly above the impeller near the surface and 

directly below the impeller. Fig.7, a, b indicates the effect of impeller diameter increasing on the 

shapes of contours. The maximum azimuthal velocity is increased from 0.186 to 0.296m/s or about 
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59 % and the first and second graphs are closely follow the results of Verzico et al, 2000.   Fig. 8 

indicates the recirculations scale in the second graph are increased due to the impeller diameter 

increasing. The mixing flow is concentrated in front of blade directly below the impeller and above 

the impeller near the liquid surface also the recirculations above and below the impeller is  shifted 

toward the tank wall                                                                                                             

.    The effect of rotating speed in Fig. 9 at y= 0.03m shows that the regions near the shaft above 

and below the impeller a peak is observed. This is due to the large-scale recirculation that drives the 

fluid from the external radial region towards the axis, thus increasing the azimuthel velocity owing 

to the conservation of angular momentum.  The maximum negative magnitude of radial velocity is 

reduced from –0.085 to –0.037m/s or about 53 %. Also the modes of axial velocity is similar to that 

in two dimensional model, and the maximum positive velocity magnitude is reduced from 0.255 to 

0.13m/s or about 49 %, while the azimuthel velocity is decreasing from 0.04 to0.012m/s or about 70 

%, due to the speed reduction. The positions of the maximum magnitude of radial and azimuthel 

velocities in the second graph are shifted towards the tank wall, due to the same reason. Fig. 9, b 

indicates zero velocity for all components at 0.035m distance from the rotating shaft, which 

illustrates poor mixing zone.Fig.10 shows the behavior of radial, axial, and azimuthel velocities at 

centerline of the impeller. The decay of radial velocity in the second graph is slower than that in the 

first figure. The decay of  azimuthal velocity is approximately occurred in the same profiles in the 

two graphs, and the peak of this velocity always in the limit of impeller radius end. The axial 

velocity is reduced and then increased in the two graphs. Fig.11, a, b shows that the decay of   in 

the second picture is slower than that in the first one, due to the speed reduction. Fig. 12, a, b 

indicates that the decay of   consist of two stages, the first one before 0.04m radial distance and 

the second one after 0.04m in the two Figs. Also the decay in the second picture is slower than that 

in the first one due to the speed reduction. Agreement is very good with the results of Kresta et al 

1991. The effect of impeller diameter in Fig.13 at y = 0.03m illustrates the radial profile of 

azimuthal, radial, axial velocity components at DT/3 and DT/2 respectively. The maximum 

magnitude of radial, axial, and azimuthal velocity is shifted towards the tank wall due to the 

impeller diameter increasing. The maximum negative magnitude of radial velocity is increased 

by194 %, the maximum positive magnitude of axial velocity is increased by 250 %, and the 

maximum positive magnitude of azimuthal velocity is increased by 72 %, due to the impeller 

diameter increasing. Fig. 14 at y = 0.052m indicates the decay of radial velocity and the behavior of 

axial and azimuthal velocities on the centerline of impeller due to the impeller diameter increasing. 

The maximum magnitude of these velocities is shifted towards tank wall, and the axial velocity 

increased and then decreased toward the tank wall. In the second graph the curves behavior of 



Journal of Engineering Volume 16 march 2010      Number1   
  

 3564 

velocities is changed, and poor mixing zone is observed. Fig. 15, a, b shows the decay of   on the 

impeller centerline in both impeller diameter, where the decay in the second graph consists of two 

stages. The first stage occurs before 0.035m radial distance and the second one occurs after 0.035m 

radial distance.  Fig. 16, a, b indicates the decay of   on the centerline of the impeller. The decay 

in the first and second graphs consists of two stages. The first stage in the first graph is ended at 

2.0 , where the first stage in the second graph is ended at 35.0 , due to the impeller diameter 

increasing. It is useful to define zones in the stirred tank where average values of the turbulence 

quantities may be applied. Based on the results of these simulations, two zones have been defined. 

The first is the impeller discharge zone. The value of   for this zone is virtually independent 

on TDD / . The second zone comprises the remaining free volume of the tank, and reflects the 

influence of changing  TDD / . These results have a good agreement with that of Kresta et al, 1997  

 

     EXPERIMENTAL RESULTS: 

     Experimental results consist of two parts, the first one is acid-base reaction visualization and the 

second one is particle distribution visualization method.  Acid-base Reaction Visualization Method 

in Fig. 17, a, b shows the effect of speed reduction on color change from yellow to red, and on the 

red color zones. In the second picture the changing from yellow to red color is slower than that in 

the first picture due to the speed reduction, and the color red zones in the second picture is smaller 

than that in the first one due to the same reason, which make the recirculation flow above and 

below the impeller shifted toward the rotating shaft.. The red color indicates the mixing zones and 

the yellow color indicates the poor mixing zones. The rotation speed reduction decreases the mixing 

zones and the mixing time, this also relates with the volume of the cylinder. Fig.18, a, b indicates 

the effect of impeller diameter increasing on the colors zones. The recirculation flow above and 

below the impeller associated with the impeller tips, and week mixing zones near the bottom of the 

tank and near the top surface of the liquid are observed in the second picture. The major different 

between these two pictures is that the strongly mixing occurs directly above and below the impeller, 

and the flow directed vertically above the impeller near the rotating shaft, due to the impeller 

diameter increasing in the second picture.  Figs. 17 and 18 show a good agreement with the results 

of  Verzico et al, 1991 .  Particles distribution visualization method in Fig. 19, a, b shows the effect 

of speed reduction on the particles distribution in the vessel, which indicates the same general 

behavior with reduction in the speed of the particles by half. Poor mixing zones above and below 

the impeller near the surface of liquid and near the bottom of the vessel are observed. Also the 

centers of circulation above and below the impeller are shifted toward the rotating shaft, due to the 

speed reduction. The mixing zones in the second picture are decrease according to the particles 
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distribution in the vessel. Fig. 20, a, b shows the effect of impeller diameter increasing on the 

particles distribution in the vessel. The centers of circulation are shifted with the impeller tip 

towards the vessel wall, due to the diameter increasing. The mixing zones are reduced in the second 

picture, due to the flow movement concentrated directly above and below the impeller. Comparison 

between numerical and acid-base reaction results in Figs. 4 and 17 show the effect of speed 

reduction on the vectors distribution and the red and yellow color zones distribution respectively. 

The general behavior of vectors distribution and red color zones in these two figures is 

approximately the same, which indicates a good agreement between the numerical and experimental 

results. The mixing zones are decreasing in the second picture of each figure according to the 

vectors distribution and red color zones, respectively due to the rotation speed reduction. Figs. 8 

and 18 indicate the effect of the impeller diameter on the vectors distribution and red and yellow 

color zones distribution respectively. The general behavior of the vectors distribution and red color 

zones in these two figures is approximately the same, so the results of numerical simulation are 

closely following the results of experimental work. The mixing zones in the second picture of each 

figures are strongly concentrated above and bellow the impeller, and above the impeller near the 

rotating shaft. Comparison between numerical and particles distribution results in Figs. 4 and 19 

show the effect of the rotation speed reduction on the vectors and particles distribution respectively. 

The general behavior of vectors and particles in these two figures is approximately the same, which 

make a good agreement between the numerical and experimental results. According to the vectors 

distribution the mixing zones in the second picture of the first figure are decreased due to the 

velocity reduction, also the recirculation above and below the impeller are shifted toward the 

rotating shaft due to the same reason. The same behavior occurred in the second figure where the 

mixing zones are decreasing in the second picture as indicated from the particles distribution, also 

the recirculation flow above and below the impeller are shifted towards the rotating shaft due to the 

rotation speed reduction.                                                                                                                               

            Figs. 8 and 20 show the effect of impeller diameter on the vectors and particles distribution 

respectively. The general behavior of the vectors and particles in these two figures is approximately 

the same, which makes the numerical results closely follow the experimental results. Depending on 

the vectors distribution the mixing zones in the two pictures of the first figure is approximately the 

same results in 3D model indicated that the negative radial velocity is decreased by 53 %, 54 %, 

and 35 % at 0.03m, 0.07m, and 0.09m heights respectively. The positive axial velocity is decreased 

by 49 %, 52 %, 45% at 0.03m, 0.07m, and 0.09m heights respectively. The azimuthal velocity is 

decreased by 50 %, keeps the same magnitude, and decreased by 60 % at 0.03m, 0.07m, and 

0.09mheights respectively. Also the effect in axial velocity profiles indicated that the radial 
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velocitydecreased by 50 % at the centerline of impeller, and the negative axial velocity is decreased 

30%, while the azimuthal velocity is decreased by 35 %. 

      

 

CONCLUSIONS: 

      The Ansys/ FLOTRAN CFD, which uses Galerkin finite element technology, is a new approach 

to computer aided modeling and optimizing mixing processes. The Galerkin technique provides the 

basis of the confidence, accuracy, convergence, and stability of FLOTRAN. This method ensures 

extremely accurate solutions for the mixing process. The effect of speed rotation reduction in radial 

velocity profiles  

 The effect of impeller diameter increasing from 0.03m to 0.045m in the radial velocity results of 

3D model indicated that the radial velocity is increased by 194 %, 180 %, and 100 % at 0.03m, 

0.07m, and 0.09m heights respectively. The positive axial velocity is increased by 250 % at 0.03m 

height, and its negative magnitude is increased by 100 % at height 0,07m, while its negative 

magnitude is increased by 260 % at height 0.09m. The positive azimuthal velocity is increased by 

59% at 0.03m height, and its positive magnitude is increased by 600 % at 0.09m height. Also the 

effect in axial velocity profiles indicated that the radial velocity is increased by 100 % at the 

centerline of impeller, and the negative axial velocity is increased by 166 %, while the positive 

azimuthal velocity is increased by 89 %. The qualitative results of the particle distribution and acid- 

base reaction visualization  methods have a good agreement with the velocity vectors  field  in 3D 

-model simulation. 
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NOMENCLATUR: 

  Symboles                                                     Definition                                           Units 

      N                                                           Rotation Speed                                          rpm 

       Vx                                                         Radial Velocity                                         m/s 

       Vz                                                         Axial Velocity                                           m/s                   

       Vy                                                         Azimuthal Velocity                                   m/s 

                                                                   Kinetic Energy Dissipation Rate               W 

                                                                   Kinetic Energy                                           W 
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       (a)                                                                          (b) 
Fig. 1. Effect of Rotating Speed (N) on Radial Velocity (Vx) Contours at, (a) N=100 rpm, (b) 
N=50 rpm.. 

                             (a)                                                                    (b)     

Fig. 2. Effect of Rotating Speed (N) on Axial Velocity (Vz) Contours at, (a) N=100 rpm, (b) 

N=50 rpm. 

                                    (a)                                                                     (b) 

 Fig.  3.  Effect of Rotating Speed (N) on Azimuthal Velocity (Vy) Contours at (a) N=100 rpm, 

(b) N=50 rpm. 
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(a)                                                                 (b) 

    Fig. 4. Effect of Rotating Speed (N) on Averaged Velocity Vectors Fields at (a) N=100 rpm, 

(b) N=50 rpm 

                                    (a)                                                                     (b) 
 Fig. 5. Effect of Impeller Diameter (D) on Radial Velocity Contours at ,(a) D= D /3 (b)D=D/ 2  

                          

                           (a)                                                                        (b)                                                   
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Fig. 6. Effect of Impeller Diameter (D) on Axial Velocity Contours at , (a) D= D /3 (b)D=D/ 2.  

 

                                (a)                                                                 (b) 
Fig. 7. Effect of Impeller DiameterD on Azimuthal Velocity Contours at ,(a) D=D /3,(b D= D/2 

 

(a)                                                                              (b) 

   Fig. 8.  Effect of Impeller Diameter (D) on Velocity Vectors Fields at, ,(a) D=D /3,(b D= D/2 
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(a)                                                                                       (b) 

 

Fig. (9): Effect of Rotating Speed (N) on Averaged Radial Velocity Profiles at Height 0.03m 

from the bottom of the tank,  (a) N=100 rpm, (b) N=50 rpm. 

 (a)                                                                        ( b) 

Fig. (10): Effect of Rotating Speed (N) on Averaged Radial Velocity Profiles at Height 

y=0.052m From the Bottom of the Tank, (a) N=100 rpm, (b) N=50 rpm. 
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                                        (a)                                                                           (b)   

 Fig. (11) : Effect of  Rotating Speed on  Decay of Turbulence Kinetic Energy   on Impeller 

Centerline  at (a) N=100 rpm, (b) N=50 rpm. 

(a)                                                                                  (b) 

Fig. (12): Effect of Rotating Speed on Decay of Turbulence Kinetic Energy Dissipation Rate  

on Impeller Centerline at ,(a) N=100 rpm, (b) N=50 rpm. 
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(a)                                                                                               (b) 

Fig. (13) : Effect of  Impeller Diameter (D)   on  Averaged Radial Velocity  Profiles at Height 

y=0.03m T  , (b) D=D/3 T  (a) D= D /2 

(a)                                                                                (b) 

Fig. (14) : Effect of  Impeller Diameter (D)   on  Averaged Radial Velocity  Profiles at Height  

y= 0.52m From the Bottom of the Tank, T  , (b) D=D/3 T (a) D= D /2  
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                                (a)                                                                                      (b) 
Fig. (15): Effect of Impeller Diameter on Decay of Turbulence Kinetic Energy  (a) D= D/2 

(b)D=D/3  

 

 

( a)                                                                      (b)         
Fig. (16) : Effect of  Impeller Diameter  on  Decay of Turbulence Kinetic Energy Dissipation 

Rate(a) D= D/2 (b)D=D/3. 
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(a )                                                                                        (b) 
 Fig. (17): Effect of the Speed Reduction on the Colors Zones of the Acid-Base Visualization Method Test, (a) 

100rpm and 0.04m Impeller Diameter, (b) 50rpm and 0.04m Impeller Diameter. 

 

Fig. (18): Effect of the Impeller Diameter Increasing on the Colors Zones of the Acid-Base Visualization Method 

Test, (a) 100rpm and 0.04m Impeller Diameter, (b) 100rpm and 0.06m Impeller Diameter. 
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        (a)                                                                                  (b) 

Fig. (19): Effect of Speed Reduction on the Particles Distribution Visualization Test, (a) 100rpm and 0.04m 

Impeller Diameter, (b) 50rpm and 0.04m Impeller diameter. 

  
(a)                                                                                       (b) 

Fig. (20): Effect of Impeller Diameter Increasing on the Particles Distribution Visualization Test, (a) 100rpm and 

0.04m Impeller Diameter, (b) 100rpm and 0.06m Impeller Diameter 

 


