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ABSTRACT 

An experimental and numerical study of Magnetorheological (MR) fluids flow in circular pipes under the 
influence of uniform magnetic field is considered. In the experiments, an electromagnetic device was 
manufactured to generate the magnetic field. The experiments were performed using magnetic fields B= 0, 
0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.12 and 0.15 T. Numerical study was performed to 
show the accuracy of the results obtained from experimental study. In numerical study, Computational Fluid 
Dynamics (CFD) analysis was used. The ANSYS Fluent 14.0 code based on the finite volume method was used 
for the CFD analysis. In the experiments, the applied magnetic field decreased the flow rate of the fluids by 
increasing viscosity. In case of 10 mm pipe diameter, the flow velocity of the A, B and C fluids were obtained 
as 0.593, 0.749 and 0.938 m/s respectively in situation B=0 T. When magnetic field was applied as B=0.15 T, 
decreases have occurred in the velocity of A, B and C fluids as 95.27%, 90.24% and 85.6% respectively. 
Similarly, in case of 15 mm pipe diameter, 96.87%, 95.06% and 90.76% decreases have occurred in the flow 
velocity of A, B and C fluids having 0.301, 0.363 and 0.445 m/s flow velocity respectively. The results were 
compared for the magnetic field values B=0, 0.05, 0.10 and 0.15 T. It was found that the differences between 
experimental and numerical study were found as 6.10% and 1.71% for the B=0 T and B≠0 T situations 
respectively when the pipe has 10 mm pipe diameter. In case of 15 mm pipe diameter, the differences were 
found as 2.31% and 0.89%. As a result, it was found that the results obtained from experimental and numerical 
study were qualitatively and quantitatively in good agreement.  
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NOMENCLATURE 

B magnetic field intensity  
d pipe diameter  
dP pressure drop  
L pipe length  
MR magnetorheological 
Q volumetric flow rate  
R pipe radius  
Re Reynolds number 

r radial coordinate     
γ shear rate  
z axial coordinate 
 
ΔP pressure difference  
θ tangential coordinate 
u velocity 
µ viscosity  
τ yield stress 

 
1. INTRODUCTION 

Flow rate and velocities of some fluids are changed 
with the effect of magnetic field that depends on 
magnetization features of materials.  Magneto-
Rheological (MR) fluids are those which show these 
features. MR fluids are suspensions of granular 
particles in a carrier liquid such as water, mineral oil 

and hydrocarbon based oils (Çeşmeci and Engin 
2010; Resiga et al. 2010). Particle diameter of these 
suspensions changes between 1-5 μm. These fluids 
which have constant viscosity like an ordinary 
Newtonian fluid show Non-Newtonian flow 
behaviors when magnetic field is applied to the fluid 
that causing viscosity to increase. So the viscosity of 
the MR fluid can be controlled depending on the 
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applied magnetic field intensity. When the fluid is 
exposed to the magnetic field the particles are guided 
by the magnetic field to form a chainlike structure 
and it becomes semi-solid state. The field-induced 
transition of these smart fluids from the liquid to a 
semi-solid state is fast and reversible (Engin et al. 
2005). This chain-like structure restricts the motion 
of the fluid and therefore changes the rheological 
behavior of the fluid (Carlson et al. 1995; He and 
Huang 2005; Olabi and Grunwald 2007; Grunwald 
and Olabi 2008). The field-dependent rheological 
changes in MR fluids are primarily observed as a 
significant increase in the yield shear stress of the 
fluids, which can be continuously controlled by the 
intensity of applied magnetic field (Gedik et al. 
2012). MR fluid technology has been used in various 
engineering applications. MR dampers used in 
vibration damping control applications (Weiss et al. 
1998; Ginder et al. 1996; Spencer et al. 1997; Dyke 
et al. 1998; Guo and Hu 2005; Boada et al. 2011) are 
devices that work with MR Fluids and recently they 
are widely used in variety of fields such as 
automotive industry, military and agricultural trucks 
(Olabi and Grunwald 2007; Lindler et al 2000; Chooi 
and Oyadiji 2008; Ha et al 2009; Hiemenz et al. 
2009).  It has also been widely used for the clutch, 
brake and locking systems in the automotive sector 
(Li and Du 2005; Park et al 2006; Senkal and 
Gürocak 2010; 19-21). Similarly, the MR fluids have 
been used in different areas of industry, structural 
control applications; for the protection of buildings 
against earthquake while absorbing vibrations of 
bridges and buildings during the earthquakes and 
also absorbing vibrations of washing machines 
(Carlson and Spencer 1996; Dyke et al 1996; Dyke 
et al 1997; Gordaninejad et al. 1999; Fujitani et al. 
2002; Yang et al. 2011), to medical area; for the use 
of prosthetic legs to facilitate the movement (Hsu et 
al. 2006; Jonsdottir et al. 2009; Hreinsson 2011) and 
surface polishing technology (Yan et al. 2007; Jha 
and Jain 2009; Jang et al. 2010). Also it will be 
possible to make robots that can be able to use hands 
and arms as naturally as people by using MR fluids 
planned to be used in spacecrafts (Pettersson et al. 
2010). There are many papers published which deal 
with the applications of MR fluids and their using 
specification in the literature. Applied modes of 
these fluids and rheological properties were detailed 
by (Costa and Branco 2009; Gedik et al. 2012). 
Channel and micro-channel flows of MR fluids have 
been studied by several authors (Bruno et al. 2009; 
Nishiyama et al. 2011). Flows of MR fluids through 
different types of porous media have been 
considered, both theoretically and experimentally by 
Kuzhir et al. 2003. Engin et al. 2005 have 
investigated fully developed laminar flows of water-
based MR fluids in micro tubes at various Reynolds 
and Hedsrom numbers numerically. Bingham plastic 
model has been used for the MR fluid flow behavior 
in the study. Kuzhir et al. 2009 have investigated 
axisymmetric flow of a MR fluid through an orifice 
experimentally and the effect of an external magnetic 
field, transverse to the flow, was also examined in 
their paper. Jang et al. 2009 have proposed in their 
study a new model to predict the behavior of MR 
fluid under arbitrary 3D magnetic and shear strain 
fields using Lekner summation method. Viscosity 

testing of MR fluid for different magnetic fields was 
studied by Roszkowski et al 2008. Bica et al. 2013 
have reviewed the potential applications of 
magnetorheological suspensions with their 
rheological and electro-conductive properties under 
an applied magnetic field. Pressure driven laminar 
pipe flows of a magnetic fluid in pipes have been 
studied by Cunha and Sobral 2005. The problem was 
reduced to a weakly nonlinear ordinary differential 
equation for the velocity. Friction factor and the 
velocity profile were presented as a function of 
magnetic and hydrodynamic physical parameters in 
the study. Pressure-driven flow under magnetic field 
has also been investigated by Ramos et al. 2005. In 
the study, a computer simulation based on finite 
volume method was used to simulate coupled 
momentum and magnetic equations of a laminar 
magnetic fluid flow. 

In this paper, laminar flow of incompressible MR 
fluids through cylindrical pipes that have 10 and 15 
mm pipe diameter in the presence of a uniform 
magnetic field applied perpendicularly to the flow 
direction is carried out.  The flow behaviors of three 
kinds of MR fluids under magnetic field are 
investigated both experimentally and numerically. 
An experimental apparatus has been designed and 
setup to produce electromagnetic field. Experiments 
are carried out for three MR fluids flow through two 
cylindrical pipe. Numerical study was performed to 
show the accuracy of the results obtained from 
experimental study. In numerical study, 
Computational Fluid Dynamics (CFD) analysis was 
used. At the end of the study, experimental and 
numerical studies were compared with each other 
and a good agreement has been seen.    

2. METHODOLOGY 

In this study, pressure-driven laminar flow of viscous 
incompressible MR fluids that have different 
physical properties were investigated experimentally 
and numerically. In the experimental   study, to 
produce magnetic field induction an electromagnetic 
device has been designed and manufactured. Effect 
of magnetic field to the laminar flow of fluids in 
pipes that have 10 and 15 mm inner pipe diameter 
and 300 mm length is observed. Experiments were 
performed for the magnetic field induction values of 
B= 0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 
0.09, 0.10, 0.12 and 0.15 T. To show the accuracy of 
the results obtained from experimental study a 
Computational Fluid Dynamics analysis was 
performed. The equations governing the steady flow 
of an incompressible MR fluid are implemented in 
the commercial code ANSYS 14.0 Fluent which is a 
flexible CFD code based on finite volume approach. 
Under the normal state MR fluids behave like an 
ordinary Newtonian fluid unless they are exposed to 
any magnetic field effect. When they are positioned 
under any magnetic field induction their viscosity 
increases as can be seen in Fig.1. For a simple 
Poiseuille flow in a pipe, the viscosity is expressed 
as: ߤ = గ∆௉ோర଼௅ொ                                                       (2.1) 
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where μ (Pas) is the dynamic viscosity of fluids, ΔP 
(Pa), R (m), L (m) and Q (m3/s) are the pressure drop, 
pipe radius, pipe length and the volumetric flow rate 
respectively. Depending on increasing magnetic 
field values applied externally perpendicular to the 
flow direction, viscosity values have been increased. 
In the numerical simulations these increased 
viscosity values were used for each magnetic field 
values.   

 

 
Fig. 1. Behavior of an idealized, Bingham model, 
MR fluid in the presence of an applied magnetic 

field (B) as a function of shear rate. 

 
2.1 Experimental Procedure 

In this study, the MR fluids of BASONETIC 5030-
4035-2040 were used developed by BASF CO.LTD. 
GERMANY. The densities are 4.12, 2.68, 2.47 
g/cm3 respectively at room temperature. 
BASONETIC 5030, 4035 and 2040 have 47%, 
26.6% and 24% volumetric concentration of 
carbonyl iron powder respectively. We prepared 
20%, 15% and 10% of these MR fluid samples by 
diluting base fluid, poly-α-olefin and called them A, 
B and C fluids respectively. These prepared fluids 
were used in all the experiments and numerical 
studies whose physical properties are given in Table 
1. To determine the viscosity of the MR fluids 
MALVERN/BOHLIN GEMINI 2 MODEL 
rheometer was used. As a result of the viscosity 
measurements 0.909, 0.710 and 0.454 Pas values 
were measured for fluids A, B and C at 40 °C and 
γ=99.55 1/s shear rate without applied magnetic field 
intensity.  

 
Table 1 Physical properties of the fluids 

 A B C 

Density (g/cm3) 1.8 1.5 1.3 

Viscosity (Pas, 
measured at 40 °C, 

γ=99.55 1/s) 
0.909 0.710 0.454 

Concentration (%) 20 15 10 

Base Fluid Poly-α-olefin 

Magnetizable particle Carbonyl Iron Powder 

Temperature range (°C) -40 °C to + 120 °C 

An experimental rig was established to study the 
laminar flow of MR fluids past circular pipes in the 
presence of an external magnetic field as shown 
schematically in Fig. 2. The experimental system 
mainly includes a pump, a flow test section, 
electromagnet, computer, and a reservoir and fluid 
collection tank.  In the test section, pressure 
transmitters in which pressure measurement ranges 
between ±100 and ±500 mbar with ± 0.01 accuracy 
were used to measure the pressure difference 
between inlet and outlet of the pipes positioned 
inside the magnetic field. 

 

 
Fig. 2. Schematic illustration of the experimental 

apparatus (Gedik, 2012). 

 
Applied magnetic field values were also measured in 
this section via F.W.BELL 5180 Gauss/Tesla Meter 
that can be able to do 0-3 T measurement with ±0.01 
accuracy and is connectable to computer by USB 
connection. Mass flow rate measurements were 
made by using KERN PLE 3100-2N model digital 
scale that has maximum 3100 g and minimum 50 mg 
measurement capacity with ± 0.02 g measurement 
accuracy. To generate the magnetic field across the 
gap in the electromagnetic device, a current supply 
powered by a 220 V AC power supply was used. An 
experimental apparatus has been shown in Fig.3.  

 

 
Fig. 3. Experimental apparatus. 

 
In this figure, fluid that filled reservoir tank (12) is 
circulated by the pump (1) to the pipe (2) that is 
positioned between the electromagnetic poles (4) and 
then it is collected in the collection tank standing on 
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precision scale (10). Connecting the pressure 
transmitters (6) to the inlet and outlet sections of the 
pipe positioned inside the magnetic field, pressure 
values are recorded to the computer (9) via analog-
digital converter (8). Similarly, measuring magnetic 
fields’ values via Gaussmeter (7) probe (3) 
positioned between N-S poles of the electromagnetic 
device, they are recorded to the computer. In 
addition, the mass flow rate of fluids collected in the 
collection tank standing on precision scale is 
recorded to computer. All measuring data is carried 
out by a software program during the experiments. 
Current, which must be given to the electromagnetic 
coils to create the desired magnetic field values in the 
electromagnetic device, is supplied by a power 
supply (11) that is connected to the system. 

2.2 Numerical Technique 

In this paper, we have also studied numerically, to 
show the accuracy of the results that are obtained 
from experimental studies.  The fundamental 
conversation of the mass and momentum equations 
the steady motion of an incompressible MR fluid 
under magnetic field in a cylindrical pipe are: ׏. ܄ = 0                                                              (2.2) ρ D܄D୲ = െN ൅ µ∆(2.3)                                              ܄ 

where N indicates the pressure gradient (߲ P/߲ z) 
(Pa/m), ρ the fluid density (kg/m3), µ the dynamic 
viscosity of the fluid (kg/ms). To adding 
electromagnetic force term, Equation 2.3 can be 
expressed as: ρ D܄D୲ = െN ൅ µ∆܄ ൅ ۴EM                                   (2.4) 

where FEM is the electromagnetic force which 
expressed as follow: ۴EM = ηሺ۸ ൈ ۶ሻ = ۸ ൈ ۰                                       (2.5) 

In Equation 2.5 J indicates the electric current 
intensity which is expressed as below according to 
the Ohm law: ۸ = σሺ۳ ൅ ܄ ൈ ۰ሻ                                               (2.6) 

Where σ indicates the electrical conductivity of the 
fluid, E magnitude of electrical field, V average flow 
velocity vector and B is the magnetic field induction. 
In order to be able to investigate how fluid will be 
affected from the magnetic field applied 
perpendicular the flow, the mathematical model is 
obtained as follow for the r, θ and z components of 
the equation of motion. 

r – component: ρ ቀv୰ ப୴౨ப୰ ൅ ୴ಐ୰ ப୴౨ப஘ െ ୴ಐమ୰ ൅ v୸ ப୴౨ப୸ ቁ = െ ப୮ப୰  ൅µ ቀபమ୴౨ப୰మ ൅ ଵ୰ ப୴౨ப୰ െ ୴౨୰మ ൅ ଵ୰మ பమ୴౨ப஘మ െ ଶ୰మ ப୴ಐப஘ ൅பమ୴౨ப୸మ ቁ ൅  σሺE଴ െ B଴v୰ሻB଴                                        (2.7)  

θ - component: ρ ቀv୰ ப୴ಐப୰ ൅ ୴ಐ୰ ப୴ಐப஘ െ ୴౨భ୴ಐ୰ ൅ v୸ ப୴ಐப୸ ቁ = െ ଵ୰ ப୮ப஘   

൅µ ቀபమ୴ಐப୰మ ൅ ଵ୰ ப୴ಐப୰ െ ୴ಐ୰మ ൅ ଵ୰మ பమ୴ಐப஘మ ൅ ଶ୰మ ப୴౨ப஘ ൅பమ୴ಐப୸మ ቁ ൅ σሺE଴ െ B଴v஘ሻB଴                                     (2.8) 

z - component: ρ ቀv୰ ப୴౰ப୰ ൅ ୴ಐ୰ ப୴౰ப஘ ൅ v୸ ப୴౰ப୸ ቁ = െ ப୮ப୸ ൅ µ ቀபమ୴౰ப୰మ ൅ଵ୰ ப୴౰ப୰ ൅ ଵ୰మ பమ୴౰ப஘మ ൅ பమ୴౰ப୸మ ቁ ൅ σሺE଴ െ B଴v୸ሻB଴   (2.9) 

Boundary conditions: ݒ௥ሺݎ, 0ሻ = ,ݎఏሺݒ ;0 0ሻ = ,ݎ௭ሺݒ ;0 0ሻ = డ௉డ௥ (2.10)     ݑ = 0; డ௉డఏ = 0; డ௉డ௭ = ଴ܧ (2.11)                                       ܥ = ଴ܤ ;0 =  (2.12)                                                    ܤ

The governing equations (Eqs. (2.7)- (2.9)) with the 
associated boundary conditions (Eqs. 2.10-12) are 
solved with using Academic version licensed 
ANSYS Fluent 14.0 code based on finite volume 
method for the Computational Fluid Dynamics 
(CFD) analysis. Laminar flows of three kinds of MR 
fluids in two different pipes are carried out for the 
CFD analysis. Initially, the flow model geometry 
was designed and created considering the pipe 
geometries that are used in the experiments in 
Gambit 2.3.16 pre-processor and then it was 
imported to ANSYS Fluent code for the solution of 
3D laminar flow as can be seen from the Fig. 4. For 
the discretization of spatial terms, Green-Gauss cell 
a second-order upwind scheme is used for the 
momentum terms of mathematical model, and the 
SIMPLE Algorithm (Patankar 1980; Mistrangelo 
2006) is used to determine the coupled pressure-
velocity gradients. The convergence is declared 
when the maximum relative change between two 
consecutive iteration levels fell below than 10-6. The 
wall boundary conditions were implemented as 
stationary wall and no slip conditions by means of 
user profile functions. 

 

 
Fig. 4. Schematic view of pipe geometry used in 

experiments and CFD simulations. 
 
Mesh convergence study was performed for two pipe 
geometries that have 15 and 10 mm pipe diameters 
and 300 mm pipe length.  Axial velocity distributions 
are given for the four mesh size values without 
magnetic field in the Fig. 5.  

As can be seen clearly from the figure, the smaller 
mesh size (increasing mesh density) increased 
velocities and after a certain mesh size, a significant 
change was not observed on the velocities. Fine 
mesh size were determined as 1 mm for the 15 mm 
pipe while it was 0.5 mm for the pipe that is 10 mm  
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Fig. 5. Mesh convergence study for d=15 and 10 mm. 

 
in diameter. Mesh convergence study information 
for two pipes’ geometries are given in Table.2.  

For the solution of problem, 65178 and 232180 
hexahedra type elements were used for the 15 and 10 
mm pipe diameter respectively.  After finding the 
fine mesh, the creating mesh was imported to 
FLUENT 14.0 software. The discrete system of 
linearized equations was solved by an iterative 
procedure. During CFD simulation procedure, the 
viscosity values obtained from experimental study 
were used for every applied magnetic field values, so 
the same conditions were adjusted both in 
experimental and numerical studies. 

 
Table 2 Mesh information 
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15 

1a 2.0 9792 114 0.282 

2a 1.5 18156 142 0.289 

3a 1.0 65178 313 0.295 

4a 0.5 484380 700 0.295 

10 

1b 1.5 10550 130 0.524 

2b 1.0 27234 200 0.556 

3b 0.5 232180 601 0.565 

4b 0.25 1670962 1273 0.565 
 

3. RESULTS AND DISCUSSION 

In this paper, the flow of MR fluid in circular pipes 
under the influence of magnetic field was examined 
experimentally and numerically. In the experiments, 
to investigate the effect of the magnetic field to the 
flow velocities, flow rates and pressure drop; an 

experimental rig has been designed and established. 
Experiments were performed using the magnetic 
fields B= 0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 
0.08, 0.09, 0.1, 0.12 and 0.15 T, whereas B= 0, 0.05, 
0.10 and 0.15 T were used in the numerical study to 
validation of experimental results. ANSYS Fluent 
CFD package program was used for the numerical 
study. Results obtained from experimental and 
numerical studies were compared with each other 
and various graphs have been plotted depending on 
flow velocities, pressure drop, magnetic field 
intensity, non-dimensional velocity u/umax and Re 
number. Hereafter, these graphs were discussed in 
the paper. According to the results obtained from the 
experimental study, axial velocity profiles of A, B 
and C fluids have been plotted in Fig.6 for two pipes 
that have 15 and 10 mm pipe diameter with and 
without applied magnetic field. As can be seen 
clearly from the figure, the velocity value becomes 
0.301 m/s at B=0 T situation for the fluid A in 15 mm 
pipe, decreasing depending on the increasing 
magnetic field intensity. As a result of these 
decreases, velocity values of the flow were found as 
0.253, 0.228, 0.206, 0.182, 0.157, 0.133, 0.125, 
0.115, 0.094, 0.079, 0.050 and 0.0094 m/s  for the 
magnetic field, B=0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 
0.07, 0.08, 0.09, 0.1, 0.12  and 0.15 T respectively. 
Similarly, these values turned out to be 0.572, 0.553, 
0.524, 0.495, 0.449, 0.399, 0.352, 0.309, 0.247, 
0.190, 0.111 and 0.028 m/s at the same increasing B 
values for the 10 mm pipe diameter while it was 
0.593 m/s at B=0 T situation. Same tendency can be 
seen for the fluids B and C in the graphs. Increasing 
magnetic field intensity has caused the decrease of 
flow velocities for all MR fluids and decreasing pipe 
diameter increases the flow velocity as expected. 
Pressure differences measured in the experimental 
study and velocity variations inside the pipe center 
depend on increasing magnetic field intensity is 
shown in Fig.7 for the pipe that has 15 mm diameter. 
As can be seen  
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a) fluid A, pipe 15 mm.  b) fluid A, pipe 10 mm. 

  
c) fluid B, pipe 15 mm. d) fluid B, pipe 10 mm. 

  
e) fluid C, pipe 15 mm. f) fluid C, pipe 10 mm. 

Fig. 6. Variations of experimental velocity profiles depending on increasing magnetic field for A, B, C 
fluids and d=10 and 15 mm. 

 
 
clearly from the figure, when the magnetic field 
increases, velocity values of each of the three fluids 
decrease whereas pressure values increase. Pressure 
values that are measured as 5.845, 5.504 and 4.313 
kPa in the situation of non-applied magnetic field 
(B=0T) for the fluids A, B and C respectively, have 
increased in the presence of magnetic field and these 
values have become 152.394, 112.610 and 82.147 
kPa respectively for the magnetic field value B=0.15 
T. In addition, those pressure values have decreased 
with decreasing densities. In Fig. 8, numerical 
velocity vectors plotted at r1-2=-0.075-0.075, θ1-2=0-
0, z1-2=0.15-0.15 position of the pipe that has 15 mm 
diameter are shown for the fluid A. It is clearly seen 
from the figure the externally applied magnetic field 
has caused to suppress MR fluid flowing inside the 
pipe resulted velocity to decrease. 

 
Fig. 7. Variations of pressure and velocities 

depending on increasing magnetic field intensity 
for d= 15 mm. 
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Fig. 8. Numerical velocity vectors under different magnetic field intensities, for d=15 mm, fluid A. 

 
 
The fluid flow has eventuated at smaller flow rates 
in B≠0 situations when it is compared to the 
situation in which there is absence of magnetic field 
intensity.  

When B=0 T, velocity value is computed as 0.295 
m/s. The fluid flow has eventuated at smaller flow 
rates in B≠0 situations when it is compared to the 
situation in which there is absence of magnetic field 
intensity. Increasing magnetic field intensity leads 
to decrease flow velocities and they were computed 
as 0.155, 0.078 and 0.0093 m/s for the magnetic 
fields, B=0.05, 0.10 and 0.15 T respectively. At 
none and low magnetic field values, the axial 
velocity profile is parabolic and as B increases, the 
profiles become flattened as can be seen clearly 
from Fig.8. 

Changing of non-dimensional u/umax and Re 
number values of each of the fluids flow in two 
pipes has been shown in the Fig. 9. In addition that 
experimental and numerical results were 
compared in this figure. Difference of the results 
that are obtained from experimental and numerical 
study is found 1.7% in the situation B=0 T, while 
it was found 1.25%, 1.19% and 1.12% at B=0.05, 
0.10 and 0.15 T respectively for the fluid A. It 
occurred for the B and C fluids as 2.43%, 1.95%, 
1.56%, 1.41% and 2.82%, 2.54%, 2.44%, 2.01% 
at the magnetic fields, B=0, 0.05,0.10, 0.15 T 
respectively for the pipe that has 15 mm diameter. 
These differences were computed along pipe 
diameter and averaged. It is clearly seen from the 
figure for all the fluids and pipes, that there are 
very small changes in Re numbers of the fluid 
under the influence of magnetic field intensity 
with respect to the fluid under no magnetic field. 
Maximum Re number has been realized at 0.715 
experimental non dimensional velocity value 
while it was 0.641 numerical non dimensional 
velocity for all the fluids in pipe that has 15 mm 
diameter. Reynolds number decreases as the non-

dimensional velocity ratio becomes away from 
this value. 

Similarly, the difference of the results that are 
obtained from experimental and numerical studies 
is found 4.46% in the situation B=0 T, while it was 
found 0.80%, 0.74% and 0.63% at B=0.05, 0.10 
and 0.15 T respectively for the fluid A.  It occurred 
for the B and C fluids as 6.38%, 0.93%, 0.86%, 
0.76% and 7.66%, 1.37%, 1.06%, 0.88% at the 
magnetic fields, B=0, 0.05,0.10, 0.15 T 
respectively for the pipe that has 10 mm diameter. 
Maximum Re number has been realized at 0.640 
experimental non dimensional velocity value 
while it was 0.602 numerical non dimensional 
velocity for all the fluids in pipe that has 10 mm 
diameter. Reynolds number decreases as the non-
dimensional velocity ratio becomes away from 
this value. As can be seen from Fig.9 experimental 
and numerical results are in good agreement with 
all B, magnetic field values.  The maximum 
difference between experimental and numerical 
results has been occurred for the C fluid at B=0 T 
in pipe that has 10 mm diameter. To see these 
differences clearly Figs 10 and 11 were plotted for 
the pipes 15 and 10 mm in diameter respectively. 
Changings of the flow velocities along pipe 
diameter depending on increasing magnetic field 
intensity for all the fluids have been plotted in the 
Figs. 10 and 11. 

4. CONCLUSION 

In this study, laminar flows of viscous, 
incompressible three kinds of MR fluids were 
investigated experimentally and numerically. An 
experimental rig was designed and established for 
the experiments. The experiments were performed 
using the magnetic fields B= 0, 0.01, 0.02, 0.03, 0.04, 
0.05, 0.06, 0.07, 0.08, 0.09, 0.10, 0.12 and 0.15 T. A 
CFD tool was used to study numerically. Results  
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Fig. 9. Experimental and numerical u/umax change versus Re number for d=10 and 15 mm. 
 

 

obtained from experimental and numerical studies 
were compared and a good agreement was seen 
between the two methods. Some following 
numerical results have been obtained from both 
studies; In the experiments, axial velocity values 
have been found as 0.301, 0.363 and  0.445 m/s for 
the fluid A, B and C respectively for the pipe that has 
15 mm diameter, when B=0 T. These values have 
shown the maximum decrease as 96.87%, 95.06% 
and 90.76% for the fluids A, B and C respectively, in 

the situation B=0.15 T where applied magnetic field 
intensity has the maximum value. In the pipe that has 
10 mm diameter, these values have been found as 
0.593, 0.749 and 0.938 for the fluids A, B and C 
respectively when B=0 T. These values have shown 
the maximum decrease as well, as 95.27%, 90.24% 
and 85.6% for the fluids A, B and C respectively, in 
the situation B=0.15 T where applied magnetic field 
intensity has the maximum value. The results 
obtained from CFD analysis using B=0, 0.05, 0.1 and 
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0.15 T were compared with experimental results and 
it was found that the differences between the 
experimental and numerical studies were 2.31% and 
0.89% for the B=0 and B≠0 T situations respectively 
for 15 mm pipe diameter, while it was found as 
6.10% and 1.71% in case of 10 mm pipe diameter. 
Consequently; 

 In both studies those are experimental and 
numerical, the increasing magnetic field that has 
caused the viscosities of the fluids to increase 
caused velocities to decrease.   

 Flow velocities and rates have increased with 
decreased pipe diameter. 

 As the densities of fluids rise, the situation that 
they were influenced by the magnetic field was 
more and has caused the more flow reductions.  

 The results obtained from experimental and 
numerical studies were qualitatively and 
quantitatively in good agreement. 

 This study will be helpful for the future studies 
considering MR or magnetic fluids flow and 
there will be knowledge in the design and 
produce of some useful devices using MR or 
magnetic fluids. 

 Next studies can include, more complex flows in 
pipes or ducts that have different diameters and 
lengths. 

 

 
Fig. 10. Experimental and numerical velocity 
variations depending on increasing magnetic 

field, at the center of the pipe (d=15 mm). 

 

 
Fig. 11. Experimental and numerical velocity 
variations depending on increasing magnetic 

field, at the center of the pipe (d=10 mm). 
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