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Abstract:  Clean water is continually wanted for human residing. due to pollutants, we frequently want to purify water. 

One manner to do so is the use of the opposite osmosis machine. A mathematical version for the opposite osmosis 

system has been acquired. in this paper, we display the significance of numerical strategies in fixing the opposite 

osmosis version. in particular, we cognizance on the application of numerical integration techniques inside the process 

of solving the model. We recall three kinds of rules in numerical integration, specifically, the Riemann sums, the 

trapezoidal rule and the Simpson's rule. We present our studies results of those 3 rules referring to the fixing procedure 

of our reverse osmosis version. The Simpson's rule is the maximum correct, as it has the best order of accuracy in 

contrast to the Riemann sums and the trapezoidal rule. Our major point in this studies is that the numerical integration 

has an essential role in fixing the opposite osmosis version. 

 

1. INTRODUCTION: 

 

Water is one supply of lifestyles for residing matters in the world. however, some to be had water has now been heavily 

polluted through numerous styles of waste and rubbish from the outcomes of human sports  

[1]. consequently, a technique is needed to filter out present water. one of the water purification strategies is the reverse 

osmosis gadget. The opposite osmosis system is the process of separating and eliminating dissolved, organic, 

pyrogenic, colloidal submicrons, colorations, nitrates, and bacteria from water the usage of a semipermeable membrane  

[2]. In reverse osmosis the high strain is given to the focused side of the membrane. when stress is applied to this side, 

natural water will waft through the semipermeable membrane closer to the opposite aspect of the lower concentration 

[3].The technique of distribution of attention with space and time is defined by way of parabolic type partial differential 

equations called advection-diffusion equations. The advection-diffusion equation is a model that may be used to 

simulate the spread of pollutants  

[4]. This mathematical version for the reverse osmosis gadget has been acquired  

[5].In this paper, we display the importance of numerical integration in solving the opposite osmosis mathematical 

version. Numerical integration has many applications in the discipline of carried out mathematics, specifically in 

mathematical physics and computational chemistry  

[6]. Numerical integration is a way for calculating integrals that are hard to solve analytically. We evaluate 3 styles of 

guidelines in numerical integration, the Riemann sums, the trapezoidal rule, and Simpson's rules. three styles of 

Riemann sums are the left Riemann sum, the right Riemann sum, and the middle Riemann sum.  

some authors (see [7, 8, 9]) have applied some of the three numerical integration policies to find solutions to a 

mathematical model. popular formula for the Riemann sum rule is given in [10]: 

                                                   ∫ f(x)dx =
b

a
∑ f(xi

∗)n
i=1 ∆x 

 

   with  xi = xi

∗ for the right Riemann sum, x∗ = xi–1 for the left Riemann sum, and x∗ = (xi + xi–1)⁄2 for the center 

Riemann sum. the overall components for the trapezoidal rule is given by way of [10]: 

∫ f(x)dx =
h

2
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Where fi  = ƒ( xi), xo = a, andxn  = b. the general formulation for the Simpson's rule is given by way of [10]: 
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h

3

b

a

(fo + 4 ∑ f2i−1

M

i=1

+ 2 ∑ f2i

M−1

i=1

+ f2M 

 

In which n  =  2M and M is a high-quality integer. in this paper, we additionally calculate errors from the five rules of 

numerical integration. 

The relaxation of this paper consists of the mathematical version, application of numerical integration, discussion of 

consequences, and conclusions. 

 

II. MATHEMATICAL VERSIONS 

 

The mathematical version for predicting the attention of salt solutions in semipermeable membranes inside the opposite 

osmosis gadget is as follows [5]: 

Y
∂C

∂x
 =  α

∂2C

∂y2′
 

with α = 
Dh

vo
 and the boundary situations are 

C(0,y) = co, C(x, ∝) =  c0 

 and 

----- (6) 

in which x and y are area variables. C = C(x, y) represents the awareness of salt solution in a semipermeable membrane 

at factor (x, y). Notations q, D, ℎ, c0, and vo are, respectively, water go with the flow prices in semipermeable 

distribution, salt diffusivity in water, distance from the semipermeable boundary to the center of the channel, attention 

faraway from semipermeable membranes, and horizontal pace measured at a distance ℎ from the semipermeable 

boundary. here q, D, ℎ, and vo are constants. 

 

III. APLLICATION OF  OF NUMERICAL INTEGRATION 

 

The answers of equations (4), (5), and (6) are as follows [5]: 

 

 
with =  ∫ e−v3∞

0
dv . Equation (7) is an equation this is used to are expecting the attention of salt answers in 

semipermeable membranes within the opposite osmosis device. 

 

In equation (7) there's a specific critical I which could be very hard to solve analytically. therefore, we resolve the 

specific crucial I the usage of the left Riemann sum rule, proper Riemann sum rule, and middle Riemann sum rule, 

trapezoidal rule, and Simpson's rule. 

 

In all calculations the same c program language period is used, specifically [0, 10]. This c program language period [0, 

10] is partitioned into n = 200 subintervals namely [vo, v1   ] ,  [v1   , v2 ],  [v2 , v3 ], … , [v199 , v200] with vo=0 and vn 

= 10 where ∆v =  
10−0

200
= 0.05 

 is uniform, as shown in Fig. 1. 
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Right Riemann Sum 

Based totally on the proper Riemann sum formulation, vi = 0.05 is chosen as the right give up factor of the c program 

language period [0,10] with i = 0.05, 0.10, 0.15, … , 200, in order that we gain 

 
For that reason, the approximation of the I cost is received the use of the proper Riemann sum rule, that is 

0.4511643131. 

 

Left Riemann Sum 

Primarily based at the right Riemann sum formula, vi = 0.05 is selected as the right end point of the c program language 

period from each subinterval [0,10] with i = zero.05, 0.10, 0.15, … , 200, in order that we reap 

 

     
 as a result, the approximation of the I price is received the use of the left Riemann sum rule, that's 0.4511643131. 

Middle Riemann Sum 
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Within the middle Riemann sum rule, v̅i is chosen because the midpoint of every subinterval at [0,10] with i = 0, 1, 2, 

… , 200,in order that primarily based at the middle Riemann sum we acquire     

 

 

 
furthermore, the price of v̅i in desk 1 is substituted to the middle Riemann sum formula as follows 

 

 
for this reason, the approximation of the I fee is obtained the usage of the center Riemann sum rule, which is 

0.451476813. 

 

Trapezoidal Rule 

Primarily based on the trapezoidal rule system, at c program languageperiod [0,10] that's divided into two hundred 

durations the section [vO, v2OO] as huge as ∆v = zero.05 through the use of a partition point this is equidistant, that is, 

vi = 0 + i∆v, i = 0, 1, 2, … , 200, we attain 

 
Consequently, the approximation of the I price is received by using the trapezoidal rule of zero.4511643131. 

Simpson's Rule 

Primarily based at the Simpson's rule formula 1⁄3, for the c language [0,10] is divided into 2M = 200 intervals, the 

section [vo,v200] is same to that of ∆v = zero.05 and uses partition factors which can be equidistant, that is, vi =  0 + iℎ, 

i = zero, 1, 2, … , 2M, then 
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 As a result, the approximation of the I value is acquired the use of the Simpson 1/3 rule, which is zero.4513726464. 

 

IV. DISCUSSION 

 

On this section, we talk the accuracy of calculating the 5 rules of numerical integration above. the precise fee of I is 

received the use of the Maple application, as follows: 

I = ∫ e−v3∞

0
v dv = 0.45137264563 

based totally on the outcomes of the calculation of the definite imperative I in phase three, the mistake of the left 

Riemann sum rule, the right Riemann sum rule, the middle Riemann sum rule, the trapezoidal rule, and the Simpson's 

rule are given in Table 2. 

 

 
 

Based totally on the mistake calculation in desk 2, the mistake of the Simpson's rule is smaller than those of the 

alternative four numerical integration rules. that is because the Simpson's rule has a better order of accuracy than the 

opposite four numerical integration guidelines. as a result, we use the value I of the Simpson's rule because the most 

correct I fee. This price of I is substituted to equation (7), so that we obtain 

                                
Equation (8) is a mathematical equation to are expecting the attention of salt solutions in semipermeable membranes 

within the opposite osmosis gadget. 

 

V. CONCLUSION 

 

Numerical integration has an crucial role in solving the reverse osmosis model. The more correct the the critical value 

that we reap, the more correct effects of the mathematical model we are able to get. based totally at the calculation of 

the numerical integration, the Simpson's rule is the maximum accurate rule compared to the left Riemann sum rule, 

proper Riemann sum rule, center Riemann sum rule, and trapezoidal rule. 
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