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Abstract: The accurate prediction of the viscosity and shear stress for magnetorheological (MR) fluids provides 

the basis for the preparation of MR fluids and the design of MR devices, where a proper model is a key. How to 

quickly choose an appropriate model to describe its rheological properties is important for the application of MR 

fluids. In this work, MR fluids with different mass fractions are prepared and their apparent viscosities and shear 

stresses are measured under different magnetic fields and shear rates. The obtained rheological parameters are 

fitted by the Bingham model, the Herschel-Bulkley model and the Casson model to evaluate their fitting effects. 

It is found that the MR fluid can be regarded as a Newtonian fluid only if its mass fraction is less than 30 wt% 

and there is no magnetic field. The shear thinning effect is the main cause of the constitutive model errors and it 

is more likely to occur for the MR fluids with higher mass fractions but increasing magnetic field strength will 

inhibit it. However, the shear thinning effect caused by the high-rate shear is even stronger than the inhibition 

through increasing magnetic field strength. The highest shear yield stress is obtained with the Bingham model, 

followed by the Carson model and finally the Herschel-Bulkley model. This work provides a guidance to 

accurately predict the shear stress of MR fluids through a suitable constitutive model. 
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1. Introduction 

Magnetorheological (MR) fluid is a smart material that has been widely applied to vibration isolation [1], 

power transmission[2], polishing[3] and other applications [4, 5]. It can change from a fluid to a semi-solid under an 

applied magnetic field, which is called the MR effect. Shear stress is the most important mechanical parameter 

for MR fluids, which indicates how much force MR fluids can transfer. The shear stress is closely related to the 

factors such as particle material[6], particle concentration[7] and magnetic field strength[8], among others. A model 

that can describe the shear stress of MR fluids accurately is important for the preparation of MR fluids, as well 

as the selection of MR devices. In this regard, scholars are committed to finding a suitable model to describe the 

properties of MR fluids. Several models, such as the Biviscous model[9], the Eyring model[10], the Papanastasiou 

model[11], the Mizrahi–Berk model[12, 13], the Robertson-Stiff model[14] and the Rosensweig model[15], have been 

proposed, but the Bingham model[16], the Herschel-Bulkley model[17] and the Casson model[18] are the most 
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commonly used, which is originally employed to describe the properties of non-Newtonian fluids. The Bingham 

model evolves from the Newtonian fluid model and its constitutive equation is  

0 0
     

0
 （ )= +    (1) 

where
0
 is the shear yield stress of the MR fluid under the applied magnetic field,

0
 is the dynamic viscosity, 

and  is the shear rate. The Bingham model assumes that the shear stress of MR fluids increases linearly with the 

shear rate after yielding, where the viscosity remains constant like Newtonian fluids. Different from the Bingham 

model, the Herschel-Bulkley model is derived from the power-law fluid model [19]. Its constitutive equation is   

0 0
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where k is the flow consistency coefficient and n is the flow behavior index. The fluid is Newtonian if n=1, shear 

thinning if n<1 and shear thickening if n>1. The Herschel-Bulkley model will become the Bingham model when 

the viscosity of a fluid is constant, but for MR fluids, n is typically less than 1, meaning that MR fluids will 

become thinner as shear rates increase. The constitutive equation of the Casson model is  
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where
is the Casson viscosity that is usually obtained at high shear rates. The Casson model highlights 

shear thinning by adding the small behavior index ½. The shear yield stresses in the above three constitutive 

models are all dynamic yield stress, only related to the magnetic field strength for the MR fluid with a constant 

mass fraction. As can be seen from these three constitutive equations, the shear stress is related to the shear yield 

stress, viscosity and shear rate, while the shear yield stress and viscosity are also dependent on magnetic field 

strength and particle concentration. 

 Although these three models have been used extensively, there is no research on the application scopes of 

the models until 2018. Lv et al.[20] have a comparative experimental study on the above three models based on a 

typical commercial MR fluid, and their research well summarizes the application scopes of these models. 

However, the research is still limited to a typical MR fluid with high particle concentration. With the extensive 

use of MR fluids, various MR fluids with different particle concentrations have been developed for different 

working conditions[21-24]. There is also a quest for a better sedimentation rate to prepare MR fluids with lower 

mass fractions because the optimization process of MR fluids is a game of sedimentation rate and shear stress. 

Regardless of the variation of MR fluids, the magnetic field strength and mass fraction are always the main 

determinants of shear stress[25]. Besides, Segovia-Gutierrez et al[26] found that the MR effects become completely 

inconsistent at a specific particle concentration, leading to a fact that some of the above conclusions are no longer 

applicable. To widely investigate the applicability of the above three constitutive models, this work prepares MR 

fluids with different particle concentrations. Then, their apparent viscosity and shear stress are measured at 

different magnetic fields and shear rates. On this basis, the rheological parameters are fitted by the Bingham 

model, the Herschel-Bulkley model and the Casson model to evaluate their application scopes. 

2. Preparation and measurements  

2.1 MR fluid preparation 

The MR fluid samples tested in the experiments were prepared by mixing the ferromagnetic particles with 

base carrier fluid. The ferromagnetic particles in MR fluids should have high permeability, magnetization 

saturation and soft magnetic properties such as quite low hysteresis. Carbonyl iron powder (CIP) produced by 

BASF was adopted in this work. Table 1 shows its performance parameters.  

Table 1 Performance parameters of CIPs by BASF[27] 

Fe C N O Mean particle size D50 

97.8% 0.6-0.9% 0.6-0.95 0.3-0.5% 2.0 μm 



Both oil-based and water-based MR fluids are reported in previous literature. Compared with the water-

based MR fluids, the oil-based MR fluids have a higher viscosity, which effectively prevents MR fluids from 

sedimentation and the uneven particle distribution caused by centrifugal force in experiments. Besides, the oil 

will not evaporate under heating, ensuring compositional stability for MR fluids, and it can prevent CIPs from 

being corroded in water, especially stored for a long time. Silicone oil 47V50 from RHODOSIL with appropriate 

viscosity (50 mm2/s at 25 °C) and thermal stability (flashpoint at 280 °C) was adopted in the present work. It 

should be pointed out that the additives to prevent sedimentation and oxidation are omitted in this work because 

the MR fluid was tested as soon as it was prepared. Besides, the silicone oil with higher viscosity can help to 

maintain the stability of the MR fluid without sedimentation. MR fluids with different mass fractions from 10 

wt% to 80 wt% were prepared to investigate the influence of particle concentration on shear yield stress. The 

MR fluid with mass fraction of 90 wt% was no longer flowable and could not be considered as a fluid. Besides, 

there are no commercially available applications for MR fluids with mass fraction of 90 wt%, so it was not 

researched in this paper.  

2.2 Measurement of MR properties 

Anton Paar MCR 301 rotational rheometer was used to measure the properties of the MR fluids. The 

measurements were carried out in the absence of magnetic field and under an applied magnetic field. In the 

absence of magnetic field, a concentric cylinder module was applied because this module with a large shear 

surface shows excellent sensitivity especially when the MR fluids are low viscosity suspensions. Besides, the 

module can effectively reduce the error caused by the centrifugal force during rotation. The concentric cylinder 

module is composed of a rotating inner cylinder and a stationary outer cylinder where there is an annular gap of 

0.71 mm to hold MR fluids, as shown in Figure 1. The rotating cylinder is made of stainless steel with a rough 

surface to avoid slip, while the stationary cylinder is made of aluminum. The apparent viscosity and shear stress 

of MR fluids were measured in the shear range from 0.01 s-1 to 1000 s-1. 

                       
Figure 1. Scheme of concentric cylinder module 

The rheometer was equipped with an MRD180/1T MR module to measure the properties of MR fluids under 

magnetic fields, as illustrated in Figure 2. The MR module is composed of a rotational top plate and a fixed 

bottom plate where there is a 1 mm gap between the top and bottom plates to hold MR fluids. The MR module 

also contains an exciting coil that generates a vertical magnetic field through the current control module. The 

magnetic field passes vertically through the testing gap by upper and lower yokes, as shown by the red arrows in 

Figure 2. The contact surfaces of both top and bottom plates are made from aluminum with grooves to reduce 

the errors from wall slip, which is detailed in previous work[28]. The exciting currents were set as 1A, 2A, 3A, 4A 

and 5A, and the corresponding magnetic field strengths can be obtained from Figure 3. The testing experiments 

were conducted at 30 ℃ by the circulating water. The apparent viscosity and shear stress of MR fluids were 

calculated from the flow curve by increasing the shear rate logarithmically from 0.01 to 100 s-1 and recording the 



resulting shear stress. The MR properties were also measured under shear rates from 0.01 s-1 to 3000 s-1, which 

was used to value the constitutive models under a wider range of shear rates. 

 

Figure 2. Scheme of MRD180/1T MR module 

 

Figure 3. Magnetic field strength curve with exciting current 

3. Results and discussion 

The three constitutive models are used to fit the experimental data under different magnetic field strengths, 

mass fractions and shear rate ranges. The coefficient of determination R2 is applied to indicate the fitting effect, 

which shows better constitutive model accuracy if R2 is closer to 1. In this work, four accuracy levels were defined 

to evaluate the fitting effects: poor level with R2 more than 0.900 (purple), rough level with R2 more than 0.900 

(red), adequate level with R2 more than 0.990 (orange), and accurate level with R2 more than 0.995 (green). 

3.1 Different magnetic field strengths 

(a) Absence of magnetic field 

Figure 4 shows the shear stress of 10 wt% and 80 wt% MR fluids in the absence of magnetic field, as well 

as the fitting results by Bingham model, Herschel-Bulkley model and Casson model. The 10 wt% MR fluid can 

be regarded as a Newtonian fluid and its flow curve can be approximated as a straight line passing the origin. At 

low concentrations, the shear yield stress, no matter which constitutive model is applied, is extremely low (0.003 

Pa at 10wt%). The experimental results overlap with the three constitutive models and the coefficient of 

determination R2 for all models is 0.999, which is at accurate level. This indicates that the three models describe 

equally the properties of MR fluids with mass fractions less than 40 wt% where the Bingham model is more 

practical since it is the simplest model. 

 



 

(a) 

 

(b) 

Figure 4. Constitutive models accuracy of MR fluids with different mass fractions in the absence of magnetic field: (a) 10 

wt%, (b) 80 wt%  

Table 2 R2 of three constitutive models in absence of magnetic field 

Mass fraction 10 wt% 20 wt% 30 wt% 40 wt% 50 wt% 60 wt% 70 wt% 80 wt% 

Bingham model 0.999 0.999 0.999 0.996 0.987 0.947 0.882 0.755 

Casson model 0.999 0.999 0.999 0.999 0.999 0.987 0.956 0.878 

Herschel-Bulkley model 0.999 0.999 0.999 0.999 0.999 0.988 0.979 0.966 

As the mass fraction of MR fluid increases, the correspondence between the models and experimental data 

weakens. Among the different models, the Bingham model is the worst and it can provide only a rough estimation 

for the MR fluid properties in the mass fraction range of 40-60 wt%. The coefficient of determination of the 

Bingham model decreased to 0.882 when the mass fraction was 70 wt% and less than 0.760 with the mass fraction 

of 80 wt%. The relative error er is applied to analyze the Bingham model error: 
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where 
f  is the fitting value of shear stress and 

e  is the experimental value of shear stress. Figure 5 shows 

the relative error at different shear rates. At extremely low shear rates (black line), the Bingham model is much 

erroneous and its relative error even exceeds 140%, because the linear Bingham model predicts a higher shear 

yield stress but the MR fluid at low shear rates is non-Newtonian and the experimental values are much lower. 

This is the main source of error in the Bingham model. As the shear rate increases, the relative error gradually 

increases (red line). The MR fluid begins gradually flowing at this point, accompanied by a decrease in viscosity. 

With the continuous increase in shear rate, the relative error changes within a range (blue line) when the MR 

fluid has flowed and the viscosity tends to be stable, as shown in Figure 5.  

 

Figure 5 Relative error of 80 wt% MR fluid at different shear rates for the Bingham model 



According to the trend in Figure 5, the Bingham model will have an increasing error at higher shear rates, 

but this assumption is inaccurate. The fitting curve is based on the shear stress corresponding to the shear rate, 

and there is another Bingham curve in a wider range of shear rates, which will be discussed in section 3.3.  

As can be seen from Table 2, the coefficient of determination R2 of the Casson model and the Herschel-

Bulkley model drops from accurate level to rough level, so the Casson model can be applied to describe the 

properties of MR fluids with the mass fraction of 50-70 wt% because it is also a simpler two-parameter model. 

As the mass fraction continues to increase, the coefficient of determination R2 of the Herschel-Bulkley model 

remains above 0.900, showing an excellent fitting effect, so the Herschel-Bulkley model can be applied to 

describe the properties of MR fluids with mass fractions above 70 wt%. It should be noted that the MR fluid, 

even in the absence of magnetic field, is still a non-Newtonian fluid and the non-Newtonian properties are more 

pronounced with the increase in mass fraction. The shear yield stress of MR fluids with different mass fractions 

is obtained by the Herschel-Bulkley model that has an excellent fitting effect, as shown in Figure 6.  

 

Figure 6 Shear yield stress of MR fluids with different mass fractions at 0 mT 

It can be seen from Figure 6 that the MR fluid has shear yield stress even in the absence of magnetic field 

and the shear yield stress increases gradually with particle concentration so that it cannot be ignored. The shear 

yield stress, which should appear only when a magnetic field is applied for Newtonian fluids, appears in the 

absence of magnetic field, indicating that the MR fluids are non-Newtonian fluids even in the absence of magnetic 

field. 

(b) Applied magnetic field 

Under the magnetic fields with different strengths, the shear stress of the MR fluid with mass fraction of 60 

wt% was fitted to Bingham model, Herschel-Bulkley model and Casson model, as shown in Figure 7.  

   

                           (a)                                             (b) 



   

                           (c)                                              (d) 

 

   (e) 

Figure 7 Comparison of the constitutive model accuracy of MR fluids with mass fraction of 60 wt% at different magnetic 

field strengths: (a) 161 mT, (2) 325 mT, (c) 489 mT, (d) 653 mT, (e) 817 mT 

Table 3 R2 of three constitutive models at different magnetic field strengths 

Magnetic field strength 161 mT 325 mT 489 mT 653 mT 817 mT 

Bingham model 0.767 0.864 0.900 0.917 0.919 

Casson model 0.929 0.975 0.990 0.995 0.996 

Herschel-Bulkley model  0.991 0.996 0.999 0.998 0.998 

It can be seen from Table 3 that the fitting effects gradually improve as the magnetic field strength increases. 

As the magnetic field strength increases, the proportion of internal friction is controlled by the magnetic field 

strengthens as well, which inhibits the non-uniform dispersion of magnetic particles. The shear thinning effect 

weakens, resulting in less nonlinearity. The Bingham model exhibits poor fitting accuracy under the lower 

magnetic field strengths because it regards MR fluids after yielding as linear fluids that have constant viscosity. 

Even though the viscosity of MR fluids changes slowly after yielding, it still decreases at a relatively small rate. 

The Bingham model ignores the viscosity changes, resulting in a poor fit. The Bingham model can be applied to 

describe the MR properties under magnetic fields more than 489mT, but it is only at a rough level. 

As for the Casson model, it showed better fitting effects under different magnetic field strengths, as shown 

in Table 3. Compared with the Bingham model, the Casson model describes the shear thinning effects by the 

rheological index ½, resulting in a better fitting effect. The value of Casson viscosity increases with the magnetic 

field strength, which is 0.99, 2.25, 2.66, 2.69 and 2.71 at 161mT, 325mT, 489mT, 653mT and 817mT, respectively. 

It is due to the increase in internal friction controlled by the applied magnetic field, which is similar to the 

apparent viscosity since the Casson viscosity represents the viscosity of MR fluids at high shear rates. The Casson 

can be used to describe the properties of MR fluids under the magnetic fields more than 653mT because it is at 

the same accurate level as the Herschel-Bulkley model and is simpler than the Herschel-Bulkley model. Also, 



the Casson model can be used to describe the properties of MR fluids under the magnetic fields of 325-653 mT 

at an adequate level, as well as less than 325 mT at a rough level.   

The Herschel-Bulkley model showed excellent fitting effects under different magnetic field strengths, better 

than the Bingham model and the Casson model. In the Herschel-Bulkley model, the viscosity coefficient K 

increases with magnetic field strengths, indicating that the viscosity of MR fluids increases with magnetic field 

strengths. This is also due to the increase in the internal friction caused by magnetic fields, as stated before. The 

rheological index n is always less than 1 under different magnetic fields, showing that MR fluids are non-

Newtonian fluid with shear thinning. Besides, the rheological index n increases with magnetic field strengths, 

indicating that the shear thinning weakens with the increase in magnetic field strength. Not surprisingly, as the 

strength of the magnetic field increases, more particles are arranged in particle chains, which will not distribute 

unevenly and therefore shear thinning is reduced. The Herschel-Bulkley can be applied to describe the properties 

of MR fluids under the magnetic fields of 325-653 mT at an accurate level, as well as less than 325 mT at an 

adequate level. 

3.2 Different mass fractions 

Figure 8 compares the fit of the Bingham model, the Herschel-Bulkley model and the Casson model for 

MR fluids with different mass fractions under the magnetic field of 489 mT. All the three constitutive models 

have good fitting accuracy for MR fluids with lower mass fractions, but it gets worse with the increase in mass 

fractions.  

   

(a)                                         (b) 

   

                          (c)                                               (d) 



 

(e) 

Figure 8 Comparison of constitutive model accuracy of MR fluids at 489 mT with different mass fractions: (a) 10 wt%, (b) 

20 wt%, (c) 40 wt%, (d) 60 wt%, (e) 80 wt%  

Table 4 R2 of three constitutive models for MR fluids with different mass fractions 

Mass fraction 10 wt% 20 wt% 30 wt% 40 wt% 50 wt% 60 wt% 70 wt% 80 wt% 

Bingham model 0.981 0.977 0.966 0.955 0.925 0.900 0.873 0.865 

Casson model 0.995 0.996 0.999 0.999 0.996 0.990 0.975 0.971 

Herschel-Bulkley model  0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 

The Bingham model has good fitting accuracy for MR fluids with lower mass fractions because the shear 

stress originates from the viscous resistance between carrier fluid molecules while the base carrier fluid is a 

Newtonian fluid. As a consequence, shear stress increases linearly with shear rate, which is consistent with the 

Bingham model. For the MR fluid with mass fractions less than 60 wt%, the Bingham model can be used to 

roughly evaluate its shear stress, as it is the simplest model and all the parameters can be obtained directly through 

experiments. 

Compared to the Bingham model, the Casson model had a better fit with the MR fluids with a medium mass 

fraction because it takes the shear thinning effect into account. However, it became less accurate with the increase 

in the mass fractions, as shown in Table 4. As stated above, the Casson model describes the shear thinning effect 

by the rheological index ½ which, however, can no longer accurately describe the shear thinning of the MR fluids 

with higher mass fractions. Lv et al[20] tried to change the rheological index, finding that the shear stress by the 

Casson model is not sensitive to the changes in the rheological index. The Casson model is originally applied to 

describe the properties of the fluids with a lower shear yield stress, such as milk and blood, while the MR fluid 

has a higher shear yield stress with the increase in mass fraction, which is beyond the scope of the Carson model, 

leading to a higher error. The Casson viscosity increases nonlinearly with mass fractions and its value is 0.57, 

0.86, 1.75, 2.66 and 2.76 for the MR fluids with mass fractions of 20wt%, 40wt%, 60wt% and 80wt%, 

respectively. The Casson model can be applied to describe the properties of MR fluids with mass fractions less 

than 50 wt% since it is at the same accurate level as the Herschel-Bulkley model and it is simpler. Also, the 

Casson can be used to describe the properties of MR fluids with mass fractions of 50-70 wt% at an adequate 

level, as well as more than 70 wt% at a rough level.   

The Herschel-Bulkley model showed excellent accuracy in fitting the flow curve of MR fluids with different 

mass fractions, better than the Bingham model and the Casson model. No matter what the mass fraction of MR 

fluid is, the coefficient of determination R2 of the Herschel-Bulkley model is always at an accurate level, 

especially at the mass fractions than 60 wt%. As stated in section 3.2.1, the Herschel-Bulkley model can well 

describe the properties of MR fluids at low shear rates, thus showing better accuracy. The viscosity coefficient K 

in the Herschel-Bulkley model increases with mass fraction, indicating that the MR fluids become thinker, which 



is also due to the increased internal friction from more particle contacts. The rheological index n is always less 

than 1 for the MR fluids with different mass fractions, which shows that the MR fluids are all shear thinning 

fluids. Besides, the higher mass fraction will lead to a smaller rheological index n that means a more serious 

shear thinning effect.  

3.3 Different shear rate ranges 

Figure 9 compares the fitting accuracy of the Bingham model, the Herschel-Bulkley model and the Casson 

model in a wider range of shear rates. The MR fluid with mass fraction of 60 wt% was tested under the magnetic 

field of 489 mT. 

 

(a)              (b) 

Figure 9 Comparison of constitutive model accuracy of MR fluids in different shear rate ranges: (a) 100 s-1, (b) 3000 s-1 

As the range of shear rate increases, the Bingham model is no longer applicable and its R2 is only 0.748 in 

the range from 0 to 3000s-1. It is intuitively clear from Figure 9(b) that the error in the Bingham model is not 

limited to the low shear rates. At this point, the MR fluid distributes unevenly, resulting in serious shear thinning. 

The Carson model still performs well and its R2 is 0.927 in the range from 0 to 3000 s-1. The Casson viscosity 


 decreased as the shear rate increased, indicating that the MR fluids become thinner with the increase in 

shear rate. Also, higher mass fractions lead to an obvious decrease in Casson viscosity
. The fitting effect 

of the Herschel-Bulkley model stays excellent for wider shear rate range, which is due to the fact that the 

Herschel-Bulkley curve is more realistic at low shear rates. As stated in section 3.1, increasing magnetic field 

strength will inhibit the shear thinning effect, but the shear thinning effect from high-rate shearing is even stronger 

than the inhibition from increasing the magnetic field strength. 

3.4 Shear yield stress 

In the three constitutive models, whether the two-parameter Bingham model and the Casson model or the 

three-parameter Herschel-Bulkley model, another important parameter is the shear yield stress that reflects the 

strength of the MR effect. The shear yield stress is generally considered to be related only to the magnetic field 

strength. However, the shear yield stress value is not the same when the flow curve is fitted by different 

constitutive models. Figure 10 compares the shear yield stresses by the three constitutive models under different 

working conditions. 



   
(a) 

      

(b)        (c) 

Figure 10 Shear yield stress by three constitutive models: (a) different magnetic field strengths at 60 wt%, (b) different mass 

fractions at 489 mT, (c) different shear rate ranges at 60 wt% and 489 mT 

The shear yield stress from the Herschel-Bulkley model is usually the smallest, followed by the Casson 

model and the Bingham model. Further, the difference of shear yield stresses by the three constitutive models is 

higher at lower magnetic field strengths, higher mass fractions and wider shear rate ranges. The maximum 

difference of shear yield stress between the Bingham model and the Herschel-Bulkley model is up to 205% at 

161 mT, as shown in Figure 10(a). The maximum difference value between the above models is 8500 Pa for 

80wt% MR fluid, as shown in Figure 10(b). Even for the same MR fluid and same model, the obtained shear 

yield stress is different by fitting the flow curve in different shear rate ranges, as shown in Figure 10(c). A higher 

shear yield stress is obtained in a wider shear rate range.  

The order of the estimated valu es from different models can be explained by the characteristics of MR 

fluids and the three flow curves, as shown in Figures 18, 19 and 20. As stated in Section 3.1, the lower-strength 

magnetic fields, higher mass fractions and wider shear rate range will lead to a serious shear thinning where the 

fitting effects differentiate. The linear Bingham flow curve sets a higher shear yield stress to fit the shear stress 

at higher shear rates, and the rheological index ½ in the Casson model keeps it also higher than the experimental 

value. However, the flexible rheological index n in the three-parameter Herschel-Bulkley model extends the 

curve downwards at low shear rates, which is consistent with the properties of real MR fluids. As a consequence, 

the shear yield stress by the Herschel-Bulkley model is relatively low resulting in a better fit than the other two 

models.  

As the shear yield stress is quite different by different models, it is important to choose an accurate model 

to calculate the shear yield stress. Although the shear yield stress is different from the three constitutive models, 

it has the same increasing trend with the increase in magnetic field strength and mass fraction. 



4. Conclusions 

In the absence of a magnetic field, the MR fluids with mass fractions less than 40 wt% can be regarded as 

Newtonian fluids, since they reflect mainly the properties of the Newtonian base carrier fluid. Therefore, the 

Bingham model, the Herschel-Bulkley model and the Casson model can well characterize their properties. With 

the increase in mass fractions, the MR fluids become more nonlinear turning into non-Newtonian fluids and the 

constitutive models start to deviate from the real shear stress. 

The errors of constitutive models originate from the shear thinning of MR fluids, which is more likely to 

occur for the MR fluids with higher mass fractions, while a stronger magnetic field will inhibit it. However, the 

shear thinning effect from high-rate shearing is stronger than the inhibition from increasing the magnetic field 

strength. The error of the Bingham model appears at extremely low shear rates (below 1 s-1) and the model is 

suitable only for MR fluids with low mass fractions (less than 40 wt%) under strong magnetic fields (higher than 

489 mT) and low shear-rate range. At this time, the coefficient of determination R2 of the Bingham model is 

higher than 0.900. The Casson model can be applied to describe the properties of MR fluids with low and 

moderate mass fractions (less than 60 wt%). It is also applicable under low-strength magnetic fields and in a 

wider shear rate range. The R2 value of the Casson model is 0.990 with the accuracy improved by an order of 

magnitude when compared with the Bingham model. The Herschel-Bulkley model can well describe the 

properties of MR fluids at extremely low shear rates, resulting in an excellent fitting accuracy with the 

coefficient of determination R2 higher than 0.995. Therefore, the Herschel-Bulkley is applicable to MR fluids 

with different mass fractions at various magnetic field strengths and shear rate ranges. The shear yield stress is 

maximum when obtained from the Bingham model, followed by the Carson model, while the Herschel-Bulkley 

model predicts the smallest value. The difference of shear yield stress by the three constitutive models is even 

higher at lower-strength magnetic fields, higher mass fractions and wider shear rate range.  

This paper also provides a guidance for selecting a proper model to predict the properties of MR fluids, 

especially when the MR fluids with different mass fractions are prepared and the MR devices are controlled in 

different precisions. 
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