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 Polymeric drag-reducing agents (DRAs) have shown significant advantages for 
industrial applications following over seven decades of study. An experiment 
and statistical study were carried out to develop an equation for the viscosity of 
XG solution in water as a DRA using response surface methodology (RSM). The 
research was conducted under experimental settings with a concentration range 
of C=50-1000 ppm and temperature between T=30-50°C. Different models were 
evaluated based on a series of quality metrics and plots. After examining the 
quality metrics and plots of different models, it was concluded that the quadratic 
model was the most appropriate choice. The values of standard deviation 
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outcomes of the RSM model were compared with 6 equations found in the 
literature. The results indicated that the RSM model had the smallest average 
absolute relative deviation (AARD=5.39%) when estimating the dynamic 
viscosity of aqueous XG solution. Finally, the prediction quality of the RSM 
model was examined with experimental data from literature. The results showed 
that the proposed equation can predict the viscosity of water-soluble DRAs with 
acceptable accuracy with a relative deviation of less than 19%. The application 
of RSM cuts down on experimental costs and time, in addition to helping identify 
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1. Introduction  

Adding a small amount of high molecular weight polymer (also known as a drag-reducing agent, or DRA) to turbulent 

water flow can significantly lower skin frictional drag. This was first noted by Toms in 1948 [1]. In the last seventy 

years, thorough investigations have resulted in the common use of polymer additives across various sectors, including 
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pipeline transportation, fire control, biomedical uses, and irrigation [2]. The additive drag reduction method may 

reduce safety risks, lower construction costs for pipelines and pump stations, reduce operating and maintenance costs, 

and transform inflexible pipeline capacity into flexible pipeline capacity. Consequently, it can be determined that 

wisely using a drag reducer is more economical. The primary mechanisms underlying DRA are altering the mean 

velocity profile, altering the turbulent vorticity, and redistributing the stresses through the extension and relaxation 

of long-chain molecules in the near-wall region. As a result, this change lessens momentum transfer from the free-

stream to the wall, which eventually lowers skin friction [3, 4]. 

Flexible polymers, typically synthetic like polyethylene oxide (PEO) and polyacrylamide (PAM) [5, 6], or rigid 

molecules, like the biopolymers xanthan gum (XG) and diutan gum (DG), can be used to formulate polymer solutions 

for drag reduction [7]. Although turbulent drag can be significantly lowered by both of these additives, the suggested 

mechanisms for drag reduction seem to be different. 

Flexible polymers are generally preferred for DR usages because they significantly reduce drag at a low concentration 

without significantly raising the fluid's viscosity. Conversely, there has been less focus on rigid polymer solutions. 

Rigid polymer solutions need significantly higher concentrations than flexible polymers to achieve high ranks of DR, 

which is one of the main distinctions seen in experiments [8, 9]. Furthermore, the resistance of rigid polymeric fluids 

to mechanical scission (or degradation) in turbulent flow is different from that of flexible ones [2, 10, 11]. Actually, 

rather than molecular scission, degradation in rigid polymers seems to be caused by aggregate destruction [11]. 

Numerous studies show that various factors, such as the molecular weight (Mw), the type and concentration of the 

polymer, the polymer degradation, the type of solution preparation, the solvent properties, the temperature of the 

solution, and more, have a significant impact on the ability of polymers to reduce friction in turbulent flow. [12]. 

Since the first findings about friction reducing polymers, many investigations have been carried out in this area. 

Mohammadtabar et al. [6] accomplished 40%–50% drag reduction in pipeline devices by effectively employing 

various water-soluble polymers, including PAM, PEO, XG, and carboxymethyl cellulose (CMC). The results of the 

research demonstrated that rigid polymers have better shear resistance than flexible polymers but a lower rate of drag 

reduction. Lim [13] examined the decrease in turbulence drag by using XG, a polymer that possesses diverse 

structures, in a water-based solution. The results of the experiment showed that the DR% for XG rose with higher 

polymer concentrations but decreased in high shear conditions. Sandoval et al. [14] used a pipeline apparatus to 

examine the DR efficiency of PEO, PAM, and XG. They discovered considerable synergistic interactions among the 

polymers. In order to study DR and degradation, Rajappan & McKinley [15] examined the polysaccharide that was 

extracted from the mucilage. This polysaccharide was found to decrease friction in turbulent flow by as much as 15%. 

According to the latest research, references [16-27] can be cited. 

Xanthan gum (XG) is a biopolymer generated by the aerobic fermentation of glucose or sucrose utilizing the 

bacterium Xanthomonas campestris [28]. Because of its viscosifying characteristics, this biopolymer is highly 

adaptable and utilized in numerous industrial applications [29]. Additionally, it serves as a thickening agent, emulsion 

stabilizer, or suspending agent across various sections including food, pharmaceuticals, cosmetics, textiles, 

agriculture, and petroleum, especially in the formulation of drilling fluids and as a DRA [30, 31]. An overview of 

earlier research on the application of XG as a DRA in aqueous solution is provided in Table 1. 
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Table 1. Review of using XG as a DRA in previous studies 
Investigator Year Base fluid Operating conditions Experimental system Mw (g/mol) 
Raei & 
Peyghambarzadeh [32] 2021 Deionized water C :100-1000 ppm 

T :30-50 °C Pipelines 4.5×106 

Li et al. [33] 2024 Water C:500-5000 ppm 
T :10-60 °C Ring vacuum pump 106 

Abdulbari et al. [34] 2018 Deionized water C :20-500 ppm 
 Microchannel 4.5×106 

Abdulbari & Amir [35] 2021 Distilled water C :50-250 ppm 
 Rotating disk apparatus NA 

Li et al. [36] 2022 Water C :100-500 ppm 
T :25 °C Pipe flow 2×106-7×106 

Karami et al. [37] 2018 Deionized water, 
Tab water 

C :50-300 ppm 
 Pipe flow 2 ×106 

Choi et al. [38] 2000 Deionized water C :10-200 ppm 
T :25 °C Rotating disk apparatus NA 

Habibpour & Clark [39] 2017 Deionized water C :600 ppm 
T :25 C Pipe flow 4-5×106 

Mohammadtabar et al. 
[6] 2020 Distilled water C :50 ppm 

T :25 °C Pipe flow 2-5 ×106 

Gustavo et al. [14] 2016 Filtered water C :50-200 ppm 
T :25 °C Pipe flow 2 ×106 

Mitishita et al. [40] 2023 Tap water C :150-1500 ppm 
T :23 C Rectangular duct NA 

Novelli et al. [41] 2019 Water C :100 ppm 
T :20 °C 

Rotational 
rheometer 1.96 ×106 

Habibpour et al. [42] 2017 Deionized water C :300-1000 ppm 
T :25 C Pipe flow 4-5×106 

Akindoyo & Abdulbari 
[43] 2016 Deionized water C :65-105 ppm 

T :25-40 °C Rotating disk apparatus 2 ×106 

Pereira et al. [11] 2013 Deionized water C :100-1000 ppm 
T :20-50 °C 

Rotating cylindrical 
double gap device 2 ×106 

 

It has been determined that viscosity is the most critical characteristics property of working fluids with DRA, as its 

variation is not negligible [44, 45]. As far as was investigated, no independent and comprehensive study has been 

conducted on the viscosity of DRA. Also, there is no specific equation available to calculate the viscosity of DRA. 

On the other hand, although many experimental, theoretical, and numerical studies have been conducted on DRA, 

very limited studies have been conducted on the statistical analysis of DR, including the following references [46-

48]. The innovation of the present research is the empirical investigation and statistical analysis of the viscosity of 

the aqueous XG solution as DRA using RSM and the presentation of an equation for predicting the viscosity of DRA. 

Another objective of this study is to compare the proposed equation with other equations in the literature. 

 

2. Materials and Methods 

2.1. Materials 

Without undergoing further purification, XG powder from Sigma-Aldrich was used. Because of its good shear ability, 

it is widely used in the petroleum industry for enhanced oil recovery and as a DRA. The biopolymer's specifications 

are displayed in Table 2. 

 
2.2. Preparation of XG solution 

The preparation steps are as follows: First, gradually add the measured XG powder into a container with water while 

stirring rapidly and consistently. After that, it stood for 36h until it was entirely dissolved. Next, the mother liquid 

should be transferred into the liquid reservoir, and the solution must be agitated rapidly and uniformly. It should be 

permitted to remain undisturbed for a period of 24h before its utilization in the experimental procedure. 
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Table 2. Specifications of XG used in this study 

Name (Formula) Chemical Structure Mw 
(g/mol) 

Appearance 
(Color) Form 

Brookfield 
Viscosity 

(1% Solution) 
cps 

Xanthan Gum, 
C35H49O29 (monomer) 

 

4.5× 
106 

Faint Yellow to 
Yellow to Beige Powder 800-

1200 

 
2.3. Measurement of viscosity 

The apparatus shown in Fig. 1 has been set up for the purpose of measuring the viscosity of XG solution. In this kind 

of viscometer, the viscosity is assessed by timing how long it takes for a specific volume of the tested liquid to pass 

through a capillary tube, driven by gravitational force, while maintaining a constant temperature. The device 

incorporates an Ostwald viscometer placed within a temperature-regulated water bath (MATEST model B052-01, 

Italy), which maintains a temperature fluctuation of ±0.5°C. After filling the viscometer with the required amount of 

test fluid (XG solution), it is allowed to flow between two designated marks, A and B (shown in Fig. 1) through the 

capillary tube. To ensure accuracy in quantifying time, a stopwatch with an accuracy of 0.01s was employed to 

meticulously record the elapsed time required to reach each of the markers on the viscometer. After determining the 

viscosity of the base fluid (bf), the viscosity of the XG solution (p) was computed using Eq. (1): 

p p p

bf bf bf

t
t

=
µ ρ

µ ρ
 (1) 

 

 
Fig 1. Schematic of the apparatus for viscosity measurement 
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By measuring the viscosity of distilled water (DW) at the specified test temperatures of 30, 40, and 50°C, the 

viscometer's calibration was confirmed. The reference data from IAPWS1 2008 was compared with the measured 

viscosity values for DW. The calculated maximum percentage error was determined to be 4.1%. To reduce 

experimental error and ensure repeatability, every measurement was conducted three times under the identical 

conditions. The uncertainty associated with measuring the viscosity of the XG solution was determined using the 

mathematical expressions outlined in Eq. (2) [49]: 

2 2 2 2
p

p
p

w T tU
w T tµ

µ

µ

 ∆ ∆ ∆ ∆     = ± + + +               
 (2) 

In this context, U represents the uncertainty associated with the measurements; w indicates the weight of the polymer, 

and T signifies the temperature. Δ represents the variation in the measurements. The maximum uncertainty calculated 

was 2.9%. Research assumptions include the following: XG solution homogeneously distributed in the test section 

and XG concentration is assumed to be uniform and constant. 

 

3. Response Surface Methodology (RSM) modelling 

To determine the model's sensitivity, Box and Wilson [50] developed a statistical and mathematical technique called 

Response Surface Methodology (RSM). It is beneficial for examining issues and fitting models when the dependent 

variable is influenced by a significantly larger number of independent variables [51]. RSM allows researchers to 

improve processes while minimizing the number of empirical tests. The RSM-ANOVA technique is an effective 

means of clarifying the relation between input factors and the output factor. The ability of the RSM-ANOVA 

technique to handle multiple variables makes it applicable in a variety of ideal situations, and its provision of statistical 

validation makes it an essential tool in numerous fields. The linear, squared, and two-factor interaction terms of 

independent parameters (Xi) constitute the response for the second-order mathematical model (Eq. (3)), which is 

indicated by Gaitonde et al. [52]: 

12
0 1

1 1 1 1

k k k k
i i ii ij i j

i i i j i
Re sponse d d X d X d X X

−

= = = = +
= + + +∑ ∑ ∑ ∑  (3) 

where d is the regression coefficient. 

 

4. Results and discussion 

4.1. Statistical analysis 

Viscosity is a crucial factor in determining how DRA affects flow characteristics. In this research, the viscosity of 

solutions with XG polymer was measured experimentally at varying concentrations and at three distinct temperatures: 

30°C, 40°C, and 50°C, with the outcomes illustrated in Fig. 2. As illustrated in Fig. 2, a rise in the concentration of 

XG results in a rise in the viscosity of the polymer solution. This phenomenon is particularly noticeable at lower 

temperatures. It is clear that the viscosity of the XG solution demonstrated a nearly exponential rise as the 

concentration increased. The findings of the viscosity tests conducted in this research align well with the outcomes 

reported by Varnaseri and Peyghambarzadeh [53]. 
 

                                                           
1 International Association for the Properties of Water and Steam (IAPWS) 
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Fig. 2. Viscosity of the aqueous XG solution as a function of concentration and temperature 

 
33 sets of laboratory data were used as historical data to model the viscosity of the aqueous XG solution through the 

RSM in Design Expert software version 13.0.0. In this context, the concentration and temperature of the polymer 

solution are treated as independent variables, while the dynamic viscosity is regarded as the dependent variable. Table 

3 presents the features of the input variables. The goal of the research is to determine a correlation that can forecast 

the viscosity of the aqueous XG solution. 

 
Table 3. Specifications of used factors in modeling 

Factor Name Units Type Minimum Maximum Coded Low Coded High Mean Std. Dev. 
A C ppm Numeric 50.00 1000.00 -1 ↔ 50.00 +1 ↔ 1000.00 504.55 314.09 
B T C Numeric 30.00 50.00 -1 ↔ 30.00 +1 ↔ 50.00 40.00 8.29 

 
Based on Table 4, the RSM has created four different models: the linear model, the 2FI model, the quadratic model, 

and the cubic model. The cubic model is aliased, while the quadratic model is suggested. This indicates that RSM is 

applicable solely to variables that can be represented by a quadratic equation. The statistical measure known as the 

p-value indicates the likelihood of validating a hypothesis based on the existing data, while also determining the 

probability of observing the outcomes if the null hypothesis holds true. The p-value approaching zero denotes that 

the model is statistically significant. Moreover, the coefficient of determination (R²) indicates how well the actual 

data align with the predicted values. R2 ranges from 0 to 1, and a value approaching 1 indicates that the model has 

high precision. The predicted R2 evaluated the model using values beyond the available observed data range, while 

the adjusted R2 took into account the effects of the model’s coefficients. The information shown in this table reveals 

that the quadratic model has the greatest adjusted R² value of 0.9951 and a predicted R² of 0.9929, indicating that it 

is the most accurate model. 

 
Table 4. Summary of statistics for the various models.  

Source Sequential p-value Adjusted R² Predicted R² 
 

Linear < 0.0001 0.9035 0.8847 
 

2FI 0.0032 0.9264 0.9038 
 

Quadratic < 0.0001 0.9951 0.9929 Suggested 
Cubic 0.0007 0.9972 0.9959 Aliased 
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Table 5 presents the findings from the analysis of variance (ANOVA) for the quadratic model. The F-value of the 

model stands at 1298.74, which is significantly higher than 0.0001. This value shows that the model is significant. 

The importance of each element was assessed by analyzing the F-value and p-value. A p-value lower than 0.05 

suggests that the model is statistically significant. The higher the F-value and the lower the p-value, the more 

significant the corresponding coefficient term is. The terms related to A-concentration and B-temperature were 

statistically significant, exhibiting F-values of 5673.93 and 504.95, respectively. Table 5 demonstrates that the 

viscosity of XG solution is notably impacted by both concentration and temperature. 
 

Table 5. Output ANOVA from model quadratic 
Source Sum of Squares df Mean Square F-value p-value 

 

Model 0.0001 5 0.0000 1298.74 < 0.0001 significant 
A-C 0.0000 1 0.0000 5673.93 < 0.0001 

 

B-T 3.950E-06 1 3.950E-06 504.95 < 0.0001 
 

AB 1.214E-06 1 1.214E-06 155.15 < 0.0001 
 

A² 3.153E-06 1 3.153E-06 402.99 < 0.0001 
 

B² 3.872E-08 1 3.872E-08 4.95 0.0346 
 

Residual 2.112E-07 27 7.823E-09 
   

Cor Total 0.0001 32 
    

 
 
The adjusted R² value of 0.9951 aligns closely with the predicted R² value of 0.9929 (Table 6). The difference is 

under 0.2 in this situation. Given that the value exceeds 4, an adequate precision of 117.8661 is desirable. The 

outcomes of this model demonstrate a strong degree of consistency, guaranteeing that they are accurate and reliable. 
 

Table 6. Coefficient of regression  
Std. Dev. Mean CV % R2 Adjusted R2 Predicted R2 Adeq Precision 

0.0001 0.0020 4.37 0.9959 0.9951 0.9929 117.8661 
 
 
The correlation between the independent variables (C and T) and the dependent variable (viscosity) under controlled 

laboratory conditions has been assessed using Eq. (4): 
6 8 9 2 7 20 002025 2 81162 10 0 000061 7 59430 10 3 79949 10 7 26682 10Vis . . * C . T . * CT . * C . * T− − − −= + − − + +  (4) 

Fig. 3 indicates a perturbation chart that shows how two variables influence the viscosity response. The plot is created 

by perturbing one factor at a time while keeping the other variables unchanged and noting the resulting effects on the 

response. This enables the visualization of the response surface's curvature and the detection of any interactions 

among the variables. The slope of each line represents how responsive the result is to that particular variable, whereas 

the curvature of the line suggests whether there are interactions with other factors. Fig. 3 shows that factor A has the 

greatest impact on viscosity, whereas factor B has the smallest impact. 

With respect to temperature and concentration variables, Fig. 4 illustrates the ratio of normal probability to 

studentized residuals for the XG solution. The closeness of data to a line can be utilized to assess the appropriateness 

of the design model. The data points meet the criteria established by the red line. The outcomes fall within the 

designated range, suggesting that the model created functioned adequately. 

Fig. 5 illustrates a comparison between the results gained from experimental analysis and the outcomes predicted by 

the correlation recommended by RSM. Fig. 5 shows that the real and forecasted outcomes are quite comparable, with 

only a few very minor discrepancies. The experimental and predicted values are grouped along the normality line in 

Fig. 5, which verifies the reliability of the analytical system. 
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Fig. 3. Perturbation plot of the influence of input factors on the viscosity of the XG solution 

 

 
Fig. 4. Normal distribution curve versus residual values 

 

 
Fig. 5. Comparison of predicted and actual values 
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The distribution of studentised residuals can be found in Fig. 6a, where the majority of the residuals are clustered 

near the '0' reference line. This indicates that the established correlations are accurate and that the models effectively 

represented the behavior of the data. Additionally, in Fig. 6b, a fairly random distribution of residuals throughout the 

run order is evident, indicating that the model sufficiently addresses the temporal dimension of the data. 

 

  
(a) (b) 

Fig. 6. Plot of externally studentised residuals in relation to (a) predicted value, (b) run order 
 

The 2D contour and 3D surface plots presented in Figs. 7 and 8 demonstrate the influence of various input parameters 

on the viscosity of the aqueous XG solution. Fig. 7 presents a two-dimensional contour plot that demonstrates how 

concentration and temperature affect viscosity, aiding in our comprehension of their relationship. Alternatively, Fig. 

8 enhances comprehension by displaying a three-dimensional surface plot, which allows for a more in-depth 

visualization of the intricate relationship among concentration, temperature, and viscosity.  
 

 
Fig. 7. 2D contour plot of the impact of concentration and temperature on 

the viscosity of the aqueous XG solution 
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The contour lines on the plot link locations that share the same viscosity value, helping us to pinpoint areas of higher 

or lower viscosity and to discover any trends or patterns. The provided plots signify that the viscosity of the aqueous 

XG solution increases sharply with rising concentration levels.  Nonetheless, the influence of increasing concentration 

on viscosity is more remarkable at lower temperatures. Furthermore, a rise in temperature causes a reduction in 

viscosity. As the temperature rises, the distance between polymer particles and the molecules of the base fluid 

expands, resulting in weakened intermolecular forces. This allows the layers of the polymer solution to slip more 

freely over one another, leading to a reduction in viscosity. 
 

 
Fig. 8. 3D contour plot of the impact of concentration and temperature on 

the viscosity of the aqueous XG solution 
 
 
4.2. Correlations comparison 

The experimental results were evaluated against the forecasts made by existing models, both theoretical and 

experimental, that had been suggested by researchers earlier; this is illustrated in Table 7. The effectiveness of these 

models is assessed using the Average Absolute Relative Deviation (AARD) by comparing it with experimental data 

according to Eq. (5), and the results are outlined in Table 7: 

1

100
i iN exp pred

i
expi

AARD%
N

µ µ

µ=

 − = ∑  (5) 

The AARD of these models in forecasting the viscosity of the studied polymeric solution varied between 53.923 and 

58.229%, which indicates an unacceptable error. This is while the proposed equation (RSM) shows an AARD of less 

than 5.4%. In other words, the aqueous XG solution viscosity prediction error has been improved by approximately 

11 times compared to the literature equations. 
 

Table 7. Correlation comparison according to AARD 
Correlation AARD (%) 
Einstein [54] 53.924 
Brinkman [55] 53.923 
Lundgren [56] 53.925 
Pak&Cho [57] 53.534 
Maiga et al. [58] 53.872 
Gherasim et al. [59] 58.229 
RSM (present study) 5.39 
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In order to assess the validity of the suggested correlation, experimental data regarding the viscosity of polymer 

solutions at varying volume concentrations and temperatures (in this section, only results at a temperature of 50°C are 

presented) were compared by comparing the margin of deviation (MOD) as computed using Eq. (6),([60-62]): 

Margin of deviation (%) 100exp pred

exp

µ µ

µ

−
= ×  (6) 

Fig. 9 shows the deviation between the values predicted by the RSM equation and those obtained from experimental 

data at different concentrations. The MOD of this model in forecasting the viscosity of the examined polymeric 

solution ranged from -21.9 to 8.1%. The maximum MOD is for the lowest concentration, 50ppm. This demonstrates 

an increased level of accuracy in forecasting the viscosity of the examined polymer solution in comparison to the 

prior models. Hence, the suggested correlation is capable of predicting the viscosity of aqueous XG solution within 

a temperature range of 30 to 50°C and concentrations between 50 and 1000ppm. 

 
Fig. 9. Margin of deviation for the comparison between experimental values 

and those obtained from the correlation 
 
In order to examine the feasibility of using the proposed equation of the present research to predict the viscosity of 

other water-soluble drag reducing polymers, experimental data from the existing literature was compared with 

predicted results from the RSM model (Table 8). Except for the findings from Raei&Peyghambarzadeh [32] (for XG), 

the MOD of the enhancement of viscosity of water-soluble drag reducing polymers was < ±19%. Therefore, the RSM 

model is a strong predictor of the viscosity of water-soluble drag reducing polymers. 
 

Table 8. Comparison of result from Equation (4) and data obtained from literature. 

Source polymer Temperature 
(°C ) 

Concentration 
(ppm) 

Experimental 
result 
(Pa.s) 

Predicted 
result 
(Pa.s) 

MOD (%) 

Raei&Peyghambarzadeh[32] XG 50 100 0.000542 0.000731147 -34.9 
Raei&Peyghambarzadeh [32] CMC 50 200 0.00066 0.000746579 -13.1 
Raei&Peyghambarzadeh [32] PAM 50 100 0.00063 0.000731147 -16.1 
Raei&Peyghambarzadeh [32] GG 50 500 0.00105 0.001248813 -18.8 
Raei&Peyghambarzadeh [32] PAA 50 100 0.00083 0.000731147 11.9 
Varnaseri et al.[63] PAM 70 150 0.001266 0.001025572 18.9 
Varnaseri&Peyghambarzadeh 
[53] 

PAM 65 100 0.0010419 0.000955759 8.3 

Varnaseri&Peyghambarzadeh 
[53] 

XG 65 100 0.0010748 0.000955759 11 
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5. Conclusion 

In this study, we conducted experimental and statistical analysis on the dynamic viscosity of aqueous XG solution by 

employing RSM. The use of RSM in the research proved to be successful, resulting in an equation that provides 

accurate forecasts for the dynamic viscosity of the aqueous XG solution. RSM offered various equations for 

determining viscosity depending on separate factors like C and T. The quadratic model has proven to be more 

effective than other models by analyzing statistical parameters and plots. The values for R2, adjusted R2, predicted 

R2, and Std. Dev in the quadratic model were 0.9959, 0.9951, 0.9929, and 0.0001 respectively. The difference between 

adjusted R2 and predicted R2 is under 0.003, demonstrating the high accuracy of the suggested model. The residual 

plot, the normal probability plot, and the predicted versus actual plot all indicated that the quadratic model is highly 

accurate and proficient in forecasting the viscosity of an aqueous XG solution. The provided plots signify that the 

viscosity of the aqueous XG solution increases sharply with rising concentration levels.  Nonetheless, the influence 

of increasing concentration on viscosity is more remarkable at lower temperatures. Furthermore, a rise in temperature 

causes a reduction in viscosity. As the temperature rises, the distance between polymer particles and the molecules 

of the base fluid expands, resulting in weakened intermolecular forces. This allows the layers of the polymer solution 

to slip more freely over one another, leading to a reduction in viscosity. Finally, the predictive quality of the proposed 

model was evaluated using experimental data from the literature. The outcomes displayed that the proposed model 

can predict the viscosity of water-soluble DRA with acceptable accuracy, with a relative deviation of less than 19%. 

 

Nomenclature 

Symbols NA Not available 
C  Concentration  ppm Parts per million 
d Regression coefficient PAM Polyacrylamide 
h hour PEO Polyethylene oxide 
T Temperature  RSM Response surface metodology 
Abbreviations Std.Dev Standard deviation 
AARD Average absolute relative deviations XG Xanthan gum 
CMC  Carboxymethyl cellulose Greek symbols 
CV Coefficient of variation ρ  Density  
DG Diutan gum μ  Viscosity  
DR  Drag reduction Subscripts 
DRAs  Drag reducing agents bf base fluid 
DRPs  Drag reducing polymers exp experimental 
DW Deionised water p polymer 
GG  Guar gum pred predicted 
Mw Molecular weight   
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