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This study presents a numerical analysis of mechanical pumps' function when 

working with Fluids that are not Newtonian. The complex rheological properties 

not Newtonian fluids, which are different from Newtonian fluids, have a 

significant influence on pump performance. Shear-thinning and shear-thickening 

properties are among these attributes. Using computational fluid dynamics (CFD) 

simulations, key performance parameters like head, efficiency, and power 

consumption were investigated under different flow conditions. The results 

demonstrate how fluid rheology affects internal flow patterns, pressure 

distribution, and overall pump efficiency. This study provides useful information 

about how to optimize centrifugal pump designs for industries that deal with non-

Newtonian fluids, such as chemical manufacturing, food processing, and 

pharmaceuticals. The non-Newtonian fluids harm on the properties of an 

engineered centrifugal pump to pump water 40 l/min and 3300 rpm. in terms of 

numbers. A number The investigation was conducted using the Computational 

Fluid Dynamics technique. The analyses were conducted using water and three 

distinct non-Newtonian fluids generated from Carboxy Methyl Cellulose (CMC) 

solution: CMCs of 0.4%, 0.3%, and 0.2%. The assessments seemed conducted 

using rotor speeds of 3300 rpm and 1400 rpm with flow rates between 10 and 80 

liters per minute. According to the findings, the pump performed better 3300 rpm 

with non-Newtonian fluids as opposed to water as contrasted as high as 1400 

rpm.   

 

Keywords: 

 

Shear-thickening Non-Newtonian 

fluids, 

Centrifugal pump, 

Viscosity, 

Computational fluid dynamics (CFD), 

Flow analysis. 

 

 

 

 

 

1. Introduction  

Centrifugal pumps are crucial to numerous 

sectors, such as wastewater treatment, 

chemical processing, and the 

manufacturing of food and 

pharmaceuticals. These pumps are 

renowned for their efficiency, robust 
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design, and versatility in handling a range 

of fluids[1]. Despite their proven efficacy 

with Newtonian fluids—which are 

characterized by a constant viscosity 

irrespective of shear rate—pushing 

nonNewtonian fluids poses significant 

challenges. Non-Newtonian fluids, such as 

slurries, polymer solutions, and biological 

materials, display complex rheological 

phenomena, such as shearthinning, shear-

thickening, and viscoelasticity[2]. Pump 

performance may be significantly impacted 

by these actions. Non-Newtonian fluids 

differ significantly from Newtonian fluids 

in that their behavior is determined by their 

varied viscosity under various flow 

conditions[3]. Unusual pressure 

distributions, flow patterns, and energy 

losses are caused by this variance in the 

pump.  For instance, as the shear rate rises, 

shear-thinning fluids become less viscous, 

reducing hydraulic losses; conversely, 

shear-thickening fluids have the opposite 

effect, potentially requiring more 

energy[4]. Additionally, the viscoelastic 

characteristics of some non-Newtonian 

fluids can result in secondary flows and 

oscillations, which further complicates 

pump functioning.  Due to these 

complexities, understanding the interplay 

between centrifugal pump dynamics and 

nonNewtonian fluid properties is essential 

for optimizing pump design and ensuring 

efficient operation[5]. In particular, fluid 

dynamics computation (CFD) has 

developed into a powerful tool for 

comprehending these interactions. Through 

the use of CFD models, researchers may 

investigate intricate flow phenomena such 

as velocity profiles, pressure gradients, and 

turbulence features without fully relying 

on costly and time-consuming 

experimental testing[6].   

The effectiveness of these pumps when 

dealing with non-Newtonian fluids is 

examined statistically in this paper. Key 

performance indicators such as head, 

efficiency, flow rate, and power 

consumption will be investigated in order 

to quantify the specific effects of fluid 

rheology[7]. The findings are meant to 

advance our understanding of non-

Newtonian fluid behavior in centrifugal 

pumps and provide recommendations for 

improving pump performance and design 

in industries where these fluids are often 

used. Numerical evaluations of water and 

non-Newtonian fluids, including CMCs of 

0.2%, 0.3%, and 0.4%, were conducted at 

rotor speeds of 3300 rpm and 1400 rpm 

and flow rates between 10 and 80 l/min.   

 

2. Method and approach  

The M 10 x 12 HD Gardner Denver (GD) 

pump simulation was used for this 

investigation (Fig.1). The fluid exit is at a 

right angle to the working fluid inlet, 

which is located in the middle of the 

impeller (the rotating component). the 

stationary portion of the pump shaft at the 

volume, this model depicts a radial flow 

pump. Nonetheless, the ESP systems are 

said to be coupled with these centrifugal 

pumps [37]. 

On this particular instance investigation, a 

radial centrifugal water pump of the closed 

type that was intended to run at 3300 rpm 

and 40 l/min was employed. It was found 

that the pump impeller's diameter was 50 

mm. The impeller with six blades and an 

outlet blade angle of was depicted in three 

dimensions in Figure 2.[8] 
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Figure 1 Reference names for pump components include: a) Pump 1 volume names, b) Pump 2 volume 

names, c) Pump 1 surface names, and d) Pump 2 surface names. 

 

Table 1 provides a summary of the researched pump's design parameters. [1]. 

Impeller characteristics 

Flow rate 0.67 kg/sec 

Head 40m 

speed of rotation 1400 RPM 

Efficiency 0.67 

Inlet diameter 400mm 

Outlet diameter 80 

Hub diameter 21 

Inlet angle 15 

Outlet angle 14 

Blade thickness 13mm 

Blade number 4,5,6,7,8 

Outlet width 62mm 

Volute specifications 

Inlet width 115mm 

Cutwater clearance 24mm 

Cutwater thickness 9mm 

Exit hydrodynamic diameter 216mm 
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Figure 2: Three-dimensional impeller visualization  

  

The machine that pumps was designed 

using CFX and CFD software. The 

centrifugal pump impeller employed 

turbo grid mesh, which may resolve 

complex impeller blade issues. Figure 3 

(a) and (b) depict the centrifugal pump's 

turbo grid mesh impeller and the 

unstructured mesh of the pump's volute, 

respectively. A fine mesh with 1401968 

total elements and 1358265 total nodes 

was supplied.[9]   

 

  

Figure 3 shows the (a) grid-structured turbo impeller mesh and the (b) unstructured volute mesh. 

  

Numerous researchers employed a variety 

of turbulence models in their numerical 

assessments of the centrifugal pump. In 

their numerical analysis RNG k-ε 

turbulence, k-ε, and k-ω were employed 

by Kaewnai et al[9]. models. discovered 

that the differences amongst turbulence 

models were only 0.3%. They selected 

turbulence densities of 1%, 5%, and 10%, 

and for each turbulence intensity, the 

same head effect was seen. The analyses 

in this work were conducted using a 5% 

turbulence intensity Considering the 

model of k-ε turbulence.     

The momentum equations can be 

expressed as follows, and The 
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incompressible and unstable continuity served as the governing equations[8]:    
  

  
  ̅   ̅                                                                                                                    

  
  ̅

  
  ̅    ̅        ̅     ̅   ̅    ̅    ̅   ̅                                      

Transport equations for k and ε in the standart k- ε model are defined as: 
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The total of the turbulent vortex viscosity 

and the molecular viscosity is known as the 

effective viscosity. Where is         √  

k  . In the viscosity of the unstable vortex, 

   which is a scale of length,     is a m 

which is a scale of length An equation 

mathematical connection exists that is  

  √       between    and the rate of 

turbulence. In the equations of transport for 

k and   ,     ,    ,    𝐶2  and    A scale of 

length is a swirling vortex, which is a 

constant. A which is a scale of length are 

constants. These Variables within the 

conventional k-ε Designs are     = 0.09 ,    

= 1.00,     = 1.44 ,      = 1.92 and     = 

1.30.     displays the average rate of 

deformation over time.  

Its tensor. As seen in Fig. 4, numerical 

analyses were conducted using four to eight 

blades. The centrifugal pump contains four 

(a), six (b), and eight (c) blades, and 50 mm 

is the impeller's exit diameter. The angle of 

the exit blade is       .   

  

Figure 4: Shows impellers with varying numbers of blades: (a) blade number four, (b) blade number six, 

and (c) blade number eight. 

   

The numerical analysis's efficiency values 

in the water-based analysis with different 

numbers of blades are displayed in Table 

1. The number 4 blades had an extreme 

loss of circulation, while the number 8 

blades' high surface friction resistance and 

significant flow obstruction resulted in 

larger impeller losses. The ideal number 

of blades was discovered to be six since 

the 6-blade impeller had the maximum 

efficiency. The goal of the analysis was to 

find the centrifugal pump impeller's ideal 
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outlet blade angle with six blades. The 

maximum efficiency point was 

determined to be. The outlet blade angle 

was selected between. Thus, by improving 

the pump head, it increased by around 2 

percent. the angle of the output blade.  

Table 1: The efficiency according to the various blade counts. 

Parameters   Efficiency (%)   

Blade no:4   67.2   

 Blade no:5  67.80   

 Blade no:6  68.70   

 Blade no:7  68.29   

 Blade no:8  67.72   

The centrifugal pump's closed-type 

impeller was designed using a rotating 

frame of reference technique. The 

impeller's rotational speed was operated 

between 1400 and 3300 rpm. A total 

pressure of 1 atm and a five percent 

turbulence intensity were used as the 

boundary condition at the inlet. For every 

solid surface, A condition of mass flow 

rate was selected at the outflow and the 

no-slip wall boundary requirement was 

implemented. Behavior of the non-

Newtonian fluid was described using 

power law, and the k-ε turbulence model 

was selected One definition of shear stress 

is  =  𝛾𝑛  

Fluids that are not Newtonian and water 

with The CMC values of 0.4%, 0.3%, and 

0.2% that behave rheologically similarly 

to oil were the subjects of numerical 

analyses. Table 2 lists The strength law's 

parameters K and n for CMCS 0.4%,  

0.3%, and  0.2% [10].  

 

Table 2 Pinho and Whitelaw's analysis of non-Newtonian fluid flow within a conduit yielded the K and n 

are power law parameters. 

Solution K(pa.s) N 

CMC, which is 0.4%   0.447 0.56   

CMC, which is 0.3%   0.184 0.64   

CMC, which is 0.2%   0.044 0.75   

  

5. Results and Discussions  

The impacts of flow rates and rotor speed 

were examined numerically in order to 

examine non-Newtonian fluids of CMC 

0.3%, 0.4%, 0.5%, and CMC 0.2% and 

their centrifugal pump characteristics and 

CMC 0.1%. The water values were 

compared to all of the results. Fig. 5(a) and 

(b) show the pump's Distributions of 
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pressure and velocity for CMC %0.2 at Q=40 l/min, respectively.  

 

 

 
  

Figure 5 Shows the CMC percentage at Q=40 l/min, 0.2,  

along with the distributions of speed and pressure. 

Pressure mounted from the front-runner 

edge of the impeller to the trailing edge 

because of the dynamic head that the 

pump's rotating impeller produces.as it 

descends toward the volute's outlet. The 

impeller's discharge achieved the 

centrifugal pump's maximum pressure of 

1.51 atm. The pump impeller's velocity 

rose as it neared the impeller, reaching its 

maximum of 9.62 m/s. Figure 6 displayed 

the head variation with all fluid flow rates 

at 3300 rpm. For all fluids, the head 

dropped as the flow rate increased. The 

CMC concentrations' pump head rise was 

marginally greater than the water's value 

(b) As volumetric pressure increased, 

compared to CMC 0.3% and CMC 0.2%, 

the pump head for CMC 0.4% 

deterioration was greater.   
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Figure 6 Head changes at 3300 rpm with flow rates. 

  

Figure 7 shows the changes in head with 

flow rates at 1400 rpm. Similar to 3300 

rpm, When the rate of flow increased, the 

pump head decreased. The pump's 

centrifugal maximum head increase was 

recorded at 1400 0.8 H(m) 0.6 0.4 0.2 0 

40 60 Q(l/min) 80 rpm for water and 3300 

rpm for CMC 0.2%. CMC 0.4% had the 

lowest value at 1400 rpm. At rotor speeds 

of 3300 rpm and flow rates of 20 l/min, 

the pump head was 3.7880 m for CMC 

0.2% and 3.7028 m for water. The head at 

20 l/min and 1400 rpm for water and 

CMC 0.2% was also found to be 0.6204 m 

and 0.6195 m, respectively. 

  

   

Figure 7 Head fluctuation at 1400 rpm with flow rates  

The fluids' Q-η curve at 3300 rpm was 

shown in Fig. 8. Approximately 40 l/min 

flow rates, or the pump's BEP 3300 

revolutions per minute, yielded highest 

effectiveness Most of all fluids. At BEP, 

efficiency values for 40 CMC 0.2% and 

water were found to be 68.851% and  

68.7134%, respectively. At BEP, there was 

a difference of roughly 0.2% between 

CMC  0.2% and water, and a difference of 

roughly 2% between CMC 0.4% and 

water.  
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Figure 8: Efficiency changes with flow rate at 3300 rpm. 

Fig. 9 displayed the efficiency fluctuation 

at 1400 rpm changing a high flow rate. All 

fluids reached their optimum efficiency at 

around 20 l/min, or At 3300 rpm, 40 

l/min. The water efficiency metrics 

exceeded the concentrations of 

carboxymethyl cellulose at 1400 rpm. The 

CMC 0.2% efficiency for 20 l/min was 80 

η(%) 60 40 20 0 67.0506% and 51.827%, 

respectively, at 1400 and 3300 rpm, while 

the water value was 67.8863% and 

52.1662% at those speeds. Furthermore, 

the CMC 0.4% efficiency value was 

determined to be 65.7778% between 1400 

and 3300 rpm.  53.7213%, in that order  

  

 
Figure 9 The variation of the head with flow rates at 3300 rpm  

The CMC %0.2 viscosity values the 

between 1400 and 3300 rpm 53.7213%, in 

that order efficiency points are displayed 

with Figure 10 , in that order. The values 

of viscosity at the following edge of 

blades were higher than those near 

superiority in both rotor speeds. 

Additionally, the viscosity of 40 Q(l/min) 

peaked close to the volute tongue and then 

rose toward the volute's outflow. The 
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maximum and average viscosity values 

were higher at 1400 rpm than 3300 

rotations per minute.    

   

   
 

Figure 10 The amounts of  CMC %0.2 viscosity at 1400 rpm and 40 l/min.  

  

6. Conclusions  

This study included a numerical analysis of 

the centrifugal pump's performance 

parameters with fluids from water, Rotor 

CMCs of 0.4%, 0.3%, and 0.2% speed 

values between 3300 and 1400 rpm, with 

flow rates between 10 and 80 l/min. The 

water centrifugal pump's head and 

efficiency were increased by optimizing 

The amount of blades and output angle of 

the blade. The BEP was measured at 

approximately 40 l/min, 20 l/min flow 

rates between 3300 and 1400 rpm, 

respectively, for every fluid. The head rise 

of the pump utilizing carboxymethyl 

cellulose solutions was found to be 

somewhat 1400 rpm, below the sea., in in 

contrast to the data With the same flow 

rate at 3300 rpm with a fast The rotating 

part. At design specifications, centrifugal 

pump's performance characteristics 

showed their peak at CMC 0.2%.   
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