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The temperature- and concentration-dependent heat and mass diffusivities 
of a solute-solvent system were computed using an optimization-based 
computational technique. The input data of this method was the measured 
transient temperature and concentration at some selected locations of the 
system. The element-wise differential quadrature method as an accurate 
and simple numerical technique in conjunction with the Newton-Raphson 
method were utilized to solve the corresponding nonlinear coupled 
differential equations. The objective function of the algorithm was the 
difference between the measured data and the numerical solutions of the 
heat and mass transfer governing equations. The optimization algorithm 
was developed using the conjugate gradient method (CGM). Also, the 
corresponding nonlinear coupled partial differential equations were 
solved by employing the element-wise differential quadrature method 
as a powerful numerical technique. The applicability and reliability of 
the approach were illustrated by solving the problem under different 
conditions. The results showed that the heat and mass diffusivities of the 
system could be satisfactorily estimated, which would enable us to suggest 
the application of this algorithm for the other transport phenomena.

1. INTRODUCTION

Diffusion is one of the basic concepts in heat 

and mass transfer phenomena. The heat and mass 

transfer characteristics of a multi-component 

system are significantly affected by its heat and 

mass diffusion coefficients. In chemical industries, 

simultaneous diffusion of heat and mass with 

chemical reaction take place and knowledge of the 

transport properties are essential to simulate and 

optimize these processes. For example, diffusivities 

play key roles in the separation, purification and 

storage of gases by adsorption [1], absorption 

refrigeration systems [2], desorption process in 

mobile phase [3], heat and mass transfer by the 

evaporation in a vertical channel under mixed 

convection [4], removal of dissolved substances 

http://creativecommons.org/licenses/by/4.0/.
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from water by water treatment [5] and diffusion 

of gas in heavy oil [6].  

Due to their many applications in different 

branches of industry, a lot of efforts have been 

made to determine the thermal and mass diffusion 

coefficients of different physical systems in the 

past years [7-12]. On the other hand, accurate 

estimation of these properties can reduce the 

final costs of the industrial chemical processes 

and accurate design of the required equipment 

for a chemical process. It should be noted that 

for the processes in which the temperatures and 

concentration have a large spatial or temporal 

variation, it is better to consider the temperature 

and concentration dependence of these 

properties for the accurate estimation of them. In 

the following, some recent research works related 

to the subject under consideration in the present 

study are briefly reviewed. 

In an experiment, Blesinger et al. [13] 

measured the temperature-dependent diffusion 

coefficients. They measured the diffusion 

coefficients of mono ethanol amine-water, 

methanol-toluene, and cyclohexane-toluene. 

Nayar et al. [14] proposed some correlations 

for the seawater thermophysical properties 

of reverse osmosis systems as functions of 

temperature and salinity. Huntul and Lesnic [15] 

estimated the variable thermal conductivity 

and the time varying temperature under over 

determined boundary conditions using an inverse 

approach. Varma et al. [16] used a single-shot 

dual-color interferometric image to determine 

both the heat and mass diffusivities of salt-

water solutions. Chanda et al. [17] employed the 

artificial neural network and genetic algorithm 

to estimate the heat and mass diffusivities of a 

solute-solvent system. 

In spite of its importance in many engineering 

applications, the simultaneous determination of 

temperature- and concentration-dependent heat 

and mass diffusivities have received very little 

attention so far. This issue motivated us to propose 

a computational procedure for the simultaneous 

estimation of the temperature- and concentration-

dependent heat and mass diffusivities of a solute-

solvent system with the couple heat and mass 

transfer phenomena. The technique is based on 

minimizing the difference between the measured 

transient temperature and concentration at 

some specific positions of the system and their 

corresponding exact values. The conjugate 

gradient method (CGM), introduced by Alifanov 

[18], was adopted for the optimization tool. Also, 

the element-wise differential quadrature method 

(DQM) together with Newton-Raphson were 

employed to transform the nonlinear transient 

coupled governing partial differential equations 

into a system of algebraic equations [6, 19, 20]. 

Due to the lack of experimental data, these data 

were generated by the addition of noise sample 

to the results obtained through the solution of 

the governing equations by assuming specific 

values for the temperature- and concentration-

dependent diffusivities. The reliability and 

robustness of the approach were demonstrated by 

studying its accuracy in simultaneously estimating 

six unknown parameters of the solute-solvent 

system under investigation. 

2. Mathematical modeling

In Figure 1 the system under consideration is 

illustrated. This system is a test column of height 

H which contains a two-layered salt stratified 

medium. By enforcing the stabilizing temperature 

at the two horizontal surfaces and thermally 

insulated conditions at the vertical walls, the 

diffusing thermal conditions are formed. 
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Also, it is assumed that the column walls are 

protected to avoid the mass transfer. In order to 

initiate the heat and mass diffusion processes 

and to avoid the free convections of the both 

phenomena, it is assumed that the lower and 

upper half of the column, respectively, contain 

solute with concentration 1C and a solvent of 

concentration 2C ( )12 CC < . In addition, the 

system is at an initial temperature 1T  when the 

upper wall temperature is suddenly increased to 

2T . Consequently, under the applied boundary 

and initial conditions, a counter-current diffusion 

of heat and mass occur in the column. In the 

following subsections, the corresponding 

governing equations and the computational 

technique will be presented. 

2.1 The heat and mass diffusion governing 

equations

 	 Under the above mentioned thermal and 

mass transfer conditions, the diffusion processes 

were simulated as one-dimensional ones. Hence, 

these processes are described by the following 

set of non-linear coupled partial differential 

equations: 

                                                                                     (1)

                                                                                     (2)

In this study, it was assumed that both the heat 

and mass diffusivities have linear variation with 

respect to the temperature and concentration [17] 

                                                                                     (3)

                                                                                     (4)

Also, the corresponding boundary and initial 

conditions are assumed to be:

                                                                                     (5)

                                                                                     (6)

                                                                                        (7)
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Figure 1. The schematic of test column under consideration (counter-current heat and mass diffusion)
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                                                                                     (8)

                                                                                         (9)

                                                                                  (10a)

                                                                                   (10b)

To easily conduct the parametric studies 

and also, simplify the governing equations, the 

following non-dimensional parameters were 

defined:

                                                                               (11a-j)

Accordingly, the normalized forms of Eqs. (1), 

(2) and (5)-(10) become, respectively:

                                                                                   (12)

                                                                                   (13)

                                                                                    (14)

                                                                                   (15)

                                                                                    (16)

                                                                                    (17)

                                                                                      (18)

                                                                                     (19a)

                                                                                     (19b)

As one can see, Eqs. (12)-(19) are a set of 

nonlinear coupled partial differential equations. 

Hence, it can be solved using an approximate 

method. On the other hand, the computational 

efficiency of the differential quadrature method 

for solving the different complicated engineering 

problems has been demonstrated in the recent 

years [21-27]. To increase the accuracy and 

simultaneously decrease the computational costs 

of the conventional DQM, the element-wise 

version of this method is applied to spatially and 

temporally discretize the governing equations 

[6]. According to this approach, the spatial and 

temporal domains are decomposed into sN  

elements and TN increments, respectively. Then, 

the e-th elements and the I-th temporal increment 

are discretized into a set of e
yN  and I

tN grid points, 

respectively. After that, the first- and second-order 

derivatives of an arbitrary function ( )tyg ,  at a 

sample grid point ( )ji ty ,  are explained as:

                                                                                   (20)
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In addition, )( ye
ijA and )( ye

ijB are the first- and 

second-order weighting coefficients of the e-th 

spatial element; )(tI
ijA  is the first-order weighting 

coefficient of the I-th temporal increment. 

The result of the discretized governing 

differential equations and the corresponding 

boundary and initial conditions is a system of 

nonlinear algebraic equations, which is solved by 

using the Newton-Raphson method. 

2.2 Heat and mass diffusivity estimation

The computational procedure for the estimation 

of the heat and mass diffusivity parameters 

( )2,1,0; and =iDiiα  or their corresponding 

non-dimensional forms ( )6,...,2,1 ; =iui  

begins by assuming initial values for the 

unknown heat and mass diffusivity parameters

( )2,1,0; and =iDiiα . Then, the heat and mass 

diffusion governing equations under the prescribed 

initial and boundary conditions are solved to 

determine the time history of the temperature and 

concentration at the DQM grid points. The new 

values of the unknown parameters are evaluated 

by minimizing an appropriate functional of the 

determined and measured field variables (i.e., in 

this problem, the temperature and concentration) 

at some selected sections of the column. Again, the 

adjusted values of the heat and mass diffusivities 

are used in the heat and mass diffusion governing 

equations to determine the new time history of 

the temperature and concentration distribution. 

These processes continue until the convergence 

criterion is satisfied. In this study, the following 

functional was defined: 

                                                                                   (21)

where tmT , , exp
,tmT , m,tC  and exp

,tmC are the 

determined and measured temperature and 

concentration at the m-th location of sensor at 

time t, respectively; also, the number of sensors 

for each of the measured field variables is M.:

In order to minimize the functional (21), the 

conjugate gradient method (CGM) as a powerful 

optimization technique [21-26] was utilized. In 

this algorithm, the new values of the unknown 

parameters are determined from the last iteration 

as :

                                                                                    (22)

where the superscripts “n” and “n+1” represent 

the iteration numbers; also, n
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â  is the search step 

size and n
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d is the descent direction, which are 

obtained from the corresponding sensitivity and 

adjoint problems, respectively. The details of these 

two problems are given in Appendices A and B, 

respectively. In Eq. (23), the search directions are :

                                                                                   (23)
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(24), at first the temperature and concentration are 

expanded in Taylor series about n
iu ( )6,...,2,1=i  

using Eq. (22). Then, by neglecting the higher-

order terms and assuming that n
u

n
i i

du =δ
( )6,...,2,1=i , the result becomes

                                                                                    (25)

Also, 
i�u

Tδ and 
iuCδ ( )6,...,2,1=i  are obtained 

from the sensitivity problems (see App. A). 

Now, the values of n
ui

â ( )6,...,2,1=i  are 

determined from the following system of linear 

algebraic equations attained by minimizing the 

functional (25) 

                                                                                   (26)

where the elements of the coefficient matrix 

and load vector are, respectively 

                                                                                   (27)

                                                                                       (28)

The optimization iteration processes continue 

until the following stopping criterion is satisfied

                                                                                   (29)

where ε̂  is a small real number and depends 

on the required accuracy. 

To reduce the effects of measurement 

errors in the measured temperatures and 

concentrations, and also to increase the accuracy 

of the computational procedure, the discrepancy 

principle is used as the stopping criterion. 

Accordingly, the temperature and concentration 

residuals are approximated as, respectively

                                                                              (30a,b)

where Tó  and Có  are the standard deviation 

of the measured temperature and concentration 

errors. By considering constant values for these 

parameters and inserting from Eq. (30) into Eq. 

(21), one obtains.

                                                                                       (31)

3. Numerical results

In this section, the applicability and versatility 

of the presented approach for estimating the 

heat and mass diffusivities of the system under 

consideration are demonstrated. Usually, to 

validate such an algorithm, the measured data are 

generated by adding artificial errors to the solution 

of the related problem [28-30]. In this work, two 

normally distributed uncorrelated errors with zero 

mean and constant standard deviations Cσ and

,Tσ  are added to the calculated temperature and 

concentration using the heat and mass diffusion 

governing equations, respectively. In this regard, 

the simulated measurement data of iT and iC are 

defined to be, respectively:
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                                                                            (32b)

where D
iT and D

iC are the solutions of the heat 

and mass diffusion governing equations, and βω  

( )ii CT ,=β   is the random error corresponding 

to the parameter β  ( )ii CT ,=β  with zero mean 

and specified standard deviation. In this study, 

βω  ( )ii CT ,=β  was created using the function 

“normrnd” in the MATLAB software. 

	The values of heat and mass diffusivity 

parameters, geometry and reference conditions 

of the solved example were chosen from the work 

of Chanda et al. [17], which are given in Table 1 

below.

Before generating the numerical results using 

the present approach, its convergence behavior 

was studied and it was found that 11=sN ,

7=e
yN , 250=TN  and 5=I

tN were sufficient 

to obtain the results with acceptable convergence. 
The temperature and concentration distributions 

along the vertical axis (i.e., y-axis) obtained at different 
time levels are illustrated in Figures. 2 and 3(a). In 
addition, the propagation of the concentration in 
the upper and lower regions of the interface is 
highlighted in Figure 3 (b). As one can observe, the 
temperature reaches its steady state distribution 
faster than the concentration. This is due to the 
fact that the diffusion coefficient of concentration is 
lower than that of the thermal diffusion. 

iC
D
ii CC +=  

Table 1. The values of thermal and mass diffusivity parameters, geometry and reference conditions of the solved example
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Figure 2. The distribution of temperature along the vertical axis at different times.
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Also, it is obvious that the evaluated 
concentration at the interface of the solvent 
and solution is constant. These sensible results 

can partially validate the present DQM solution 
procedure. 
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Figures 3 (a) and (b). The distribution of concentration along the vertical axis at different times
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Figure 4. Time history of temperature at the sensor locations.
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The time histories of temperature and 

concentration at sensor locations are illustrated 

in Figures 4 and 5, respectively. These results 

are obtained by solving the direct problem. By 

adding some artificial errors to these results, they 

are used as the fictitious experimental results for 

the computational algorithm to determine the 

unknown heat and mass diffusivity parameters.

The variations of the estimated heat and mass 

diffusivity parameters along the column axis are 

shown in Figures 6 and 7, respectively. As it is 

obvious from these figures and as one can expect, 

due to the fact that the temperature increases 

with time at all points, both diffusivity parameters 

also increase with time in the whole domain. 
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Figure 5. Time history of concentration at the sensor locations
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Figure 6. The variation of the estimated thermal diffusivity along the vertical axis.
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However, the rates of change of these parameters 

in the upper half domain are greater than the 

lower one. This is because, in contrast to the upper 

half domain, the concentration reduces with time 

in the lower half domain and consequently causes 

the reduction of these parameters. However, the 

increase of temperature leads to the increase of 

these parameters in the all domain. 

Figure 7. The variation of the estimated mass diffusivity along the vertical axis

Figure 8(a),(b). The variation of the estimated thermal diffusivity along the vertical axis.
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Figure. 9 (a),(b). The variation of the estimated mass diffusivity along the vertical axis

Table 2. Estimated thermal and mass diffusivity parameters

Tσ Cσ 






 −

s
m10 27

0 







 −

K.s
m10 210

1 







 −

kg.s
m10 511

2α
 








 −

s
m10 29

0D 







 −

K.s
m10 212

1D 







 −

kg.s
m10 513

2D 

0 0 1.418 1.617 1.944 1.716 1.831 1.826 

 10-3 1.418 1.617 1.944 1.714 1.865 1.817 

 210-3 1.418 1.617 1.944 1.707 2.241 1.446 

10-3 0 1.418 1.625 1.926 1.716 1.830 1.825 

 10-3 1.418 1.625 1.927 1.718 1.730 1.969 

 210-3 1.420 1.573 1.907 1.715 1.841 1.805 

310-3 0 1.411 1.782 2.138 1.716 1.828 1.823 

 10-3 1.416 1.674 1.810 1.701 2.346 2.012 

 210-3 1.413 1.716 1.581 1.710 1.997 1.865 

510-3 0 1.416 1.658 1.870 1.716 1.828 1.823 

 10-3 1.406 1.892 2.268 1.723 1.614 2.054 

 210-3 1.428 1.358 1.580 1.719 1.822 1.851 
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The effect of temperature gradient and 

concentration gradient on the heat and mass 

diffusivity parameters along the column axis at 

4000 (s) are shown in Figures 8 and 9, respectively. 

These results can be expected by the assumption 

of linear variation with respect to the temperature 

and concentration of the heat and mass 

diffusivities. 

To study the impact of the measurement errors 

on the accuracy of the present approach, as 

mentioned previously, artificial experimental data 

were produced by adding the random noise to the 

solution of the problem. In Table 2, the effects of 

the measurement errors of the input data on the 

accuracy of the estimated heat and mass diffusivity 

parameters are presented. The corresponding 

percentage of errors were evaluated according to 

the following formula [31] and are given in Table 3.

                                                                                    (33)Error% = Expected
i

Estimated
i

Expected
i

u
uu −100  

Table 3. Percentage of errors of estimated thermal and mass diffusivity parameters

Tσ Cσ ( )0Error %  ( )1Error %  ( )2Error %  ( )0Error % D ( )1Error % D ( )2Error % D 

0 0 0.00 0.00 0.00 0.00 0.00 0.00 

 10-3 0.00 0.00 0.00 0.09 -1.9 0.48 

 210-3 0.00 0.00 0.01 0.51 -22 21 

10-3 0 0.02 -0.5 0.89 0.00 0.04 0.04 

 10-3 0.02 -0.5 0.89 -0.14 5.5 -7.8 

 210-3 -0.13 2.7 1.89 0.07 -0.57 1.4 

310-3 0 0.49 -10 -10 0.00 0.16 0.15 

 10-3 0.12 -3.5 6.9 0.90 -28 -10 

 210-3 0.35 -6.1 18 0.35 -9.1 -2.1 

510-3 0 0.12 -2.5 4.5 0.00 0.18 0.19 

 10-3 0.82 -17 -17 -0.42 11 -12 

 210-3 -0.73 16 18 -0.20 0.49 -1.3 

 

Moreover, the effects of the input errors on the 

accuracy of the evaluated heat and mass diffusivity 

parameters at time=2000 s are shown in Figures 

10 and 11. 

Also, robustness and efficiency of the proposed 

solution techniques are shown in Tables 4 and 5 

for different error of initial guess of thermal and 

mass diffusivity parameters and the number and 

location of sensors on estimated thermal and mass 

diffusivity parameters. In the solved examples, the 

number of iterations was between 5 and 7 and the 

CPU time requirement was about 25 min when 

the prepared code was run in a personal computer 

environment with the following characteristics: 

Intel (R), Core (TM)2, Quad CPU Q8400 @ 2.66 

GHz, RAM (4.00 GB). It was observed that in all 

cases, the estimated diffusivity parameters were in 

good agreement with the corresponding expected 

values. The data presented in these tables and 

figures 10 and 11 demonstrate the applicability 

and accuracy of the present approach. 
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(A) (B) 

 Figures 10(a),(b). The influences of the measurement errors of the input data on the accuracy of the estimated values of the thermal 
diffusivities at time=2000 s

 
 

(A) (B) 

 Figures 11 (a),(b). The influence of the measurement errors of the input data on the accuracy of the estimated values of the mass 
diffusivities at time=2000 s

Table 4. Effects of input error of initial guess on estimated thermal and mass diffusivity parameters

 D 







 −

s
m10 27

0 







 −

K.s
m10 210

1 







 −

kg.s
m10 511

2α
 








 −

s
m10 29

0D 







 −

K.s
m10 212

1D 







 −

kg.s
m10 513

2D 

20% 20% 1.418 1.617 1.944 1.716 1.831 1.826 

40% 40% 1.418 1.617 1.944 1.716 1.831 1.826 

50% 20% 1.418 1.617 1.944 1.716 1.831 1.826 

20% 50% 1.418 1.617 1.944 1.716 1.831 1.826 

50% 50% 1.418 1.617 1.944 1.716 1.831 1.826 

70% 70% 1.418 1.617 1.944 1.716 1.831 1.826 
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4. Conclusions

A computationally efficient and accurate 

numerical technique based on using an 

optimization algorithm was introduced to 

simultaneously estimate the temperature- 

and concentration-dependent heat and mass 

diffusivities of a solute-solvent system. The input 

data of this algorithm were the measured transient 

temperature and concentration at some selected 

points of the system. The element-wise differential 

quadrature method as an accurate and simple 

numerical technique in conjunction with the 

Newton-Raphson method were utilized to solve 

the corresponding nonlinear coupled differential 

equations. The conjugate gradient method was 

employed to perform the optimization tasks by 

formulating the corresponding sensitivities and 

adjoint problems. The case study was successfully 

solved. The results showed that the heat and mass 

diffusivities of the system could be satisfactorily 

estimated, which would enable us to advise 

the application of this algorithm for the other 

transport phenomena. 

Appendix A. Sensitivity problems 

There is a different sensitivity problem 

corresponding to each six unknown parameters
( )6,...,2,1 ; =iui , which should be derived 

separately. For briefness, only the sensitivity 

equations of the unknown parameter 1u  will be 

extracted and in a similar manner those of the 

unknown parameters can be derived. 

By perturbing 1u  to 11 uu δ+ , ( )tyT ,  and 

( )y,tC  convert to ( ) ( )tyTtyT u ,,
1

δ+  and 
             

, 

respectively. Inserting these perturbed values of 

the material parameters and field variables into the 

governing equations (12)-(19) and performing some 

mathematical operations, the linearized sensitivity 

equations of 1u  are obtained as

The numerical solution technique described 

previously (i.e., element-wise DQM) was 

employed to obtain 
i�u

Tδ ( )6,...,2,1=i  and 

i�u
Cδ ( )6,...,2,1=i  from Eqs. (A1)-(A8). 

                                                                                     (A1)

Table 5. Effects of number and location of sensors on estimated thermal and mass diffusivity parameters

Active 

T-sensors 

Active 

C-sensors 







 −

s
m10 27

0 







 −

K.s
m10 210

1 







 −

kg.s
m10 511

2α
 








 −

s
m10 29

0D 







 −

K.s
m10 212

1D 







 −

kg.s
m10 513

2D 

1 2 1.416 1.619 1.943 1.718 1.833 1.827 

1 1,2 1.417 1.618 1.942 1.717 1.832 1.825 

1,2 1 1.417 1.617 1.943 1.717 1.832 1.825 

1,2 1,2 1.418 1.617 1.944 1.716 1.831 1.826 

1,2 1,2,3 1.418 1.617 1.944 1.716 1.831 1.826 

1,2,3 1,2 1.418 1.617 1.944 1.716 1.831 1.826 

1,2,3 1,2,3 1.418 1.617 1.944 1.716 1.831 1.826 

 

1uδCC +  

( )

1 1

1

2 3 3

2

1 2 3 2

u u

u

δT δCT C T2u u u
y y y y y

δT
u u T u C

y

      
+ + +          


+ +



 

( )1 1

1

1 2 3

2

2 0

u u

u

δu u δT u δC

δTT
y t

+ + +


− =

 

 

( )

1 1

1

5 6 5

2

4 5 6 2

u u

u

δC δTT C Cu 2u u
y y y y y

δC
u u T u C

y

      
+ + +          


+ +


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                                                                                    (A2)

                                                                                   (A3)

                                                                                  (A4)

                                                                                   (A5)

                                                                                  (A6)

                                                                                    (A7)

                                                                                     (A8)
 

Appendix B. Adjoint problem and gradient 

equation

To simplify the derivation of the adjoint problem 

equations, the Lagrange multiplier method was 

used. Accordingly, the new functional becomes

where ),( tyαλ  and ),( tyDλ  are the 

Lagrange multipliers (or adjoint functions). The 

results of minimizing this functional are the adjoint 

equations 

                                                                                   (B2)

                                                                                    (B3)

                                                                                   (B4)

                                                                                      (B5)

                                                                                      (B6)

                                                                                     (B7)

                                                                                     (B8)

                                                                                   (B9)

It should be interestingly noted that the adjoint 

equations of all unknown parameters were 

similar. By using the DQM, the adjoint governing 

equations (B2)-(B9) were solved and the Lagrange 

multiplayers áë  and Dë  were obtained.  

Appendix C. The functional gradients

By using Eqs. (B2)-(B9), the gradients of the 

functional Ĵ  with respect to iu  (i=1,2…,6) can be 

derived. In the continuation and as a sample, it will 

be done for the variable 1u .

Using the aforementioned equations, the 

variation of Ĵ  due to 1uδ is simplified as

                                                                                     (C1)

( ) 01

11 2

2

65 =



−




++
t

δC
y
CδCuδTu u

uu  

0
01
=

=yuT  

0
0
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



=y

u

y
δC

 

0
11
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=yuT  

0
1

1 =




=y

u

y
δC

 

0
01
=

=tuT  

0
01
=

=tuC  

( )

( ) ( )

1 2 6

2 2

1 0 0

ˆ , ,...,
f ft tM

exp exp
m,t m,t m,t m,t

m

J u u u

T T dt C C dt
=

=

 
− + − 

  
  

 

                         
( )

0 0

2

2 3 1 2 3 2

ft H

αλ

T C T T Tu u u u T u C dydt
y y y y t

+

      
+ + + + −        

 
 

                         
( )

0 0

2

5 6 4 5 6 2

ft H

Dλ

T C C C Cu u u u T u C dydt
y y y y t

+

      
+ + + + −        

 
 

 

( )

3 5

2

1 2 3 2 0

α D

α α

λ λ Cu u
y y y

λ λu u T u C
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 
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3 5

2
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But, from Eq. (C1) it can be deduced that 
1

ˆ
uJδ

should be

                                                                                      (C2)

Comparing Eqs. (C1) and (C2), one can easily get

                                                                               (C3)

Similarly, the other gradients of the functional

Ĵ are obtained.

                                                                                      (C4)

                                                                                     (C5)

                                                                                      (C6)

                                                                                                        (C7)

                                                                                                           (C8)
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 مقاله تحقیقاتی

تخمین ضرایب نفوذ حرارت و جرم وابسطه به دما و غلظت در سیستم های حل شونده و 
حلال

حسین رهیده
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چکیده مشخصات مقاله

نفوذ  ضرایب  سازی  بهینه  روش  یک  از  استفاده  با  مطالعه،  این  در 
و  های حل شونده  در سیستم  غلظت  و  دما  به  وابسطه  و جرم  حرارت 
حلال تخمین زده شده اند. در این روش داده‌‌های ورودی حاصل اندازه 
گیری درجه حرارت و غلظت در چند مکان انتخاب شده هستند. برای 
تقسیمات مربعی بصورت  المانی  از روش  حل دسته معادلات غیرخطی 
یک ابزار دقیق و ساده به همراه روش نیوتن رافسون استفاده شده است. 
اندازه گیری  اساس اختلاف داده‌‌های  بر  الگوریتم محاسباتی  تابع هدف 
حرارت  انتقال  معادلات  دسته  عددی  حل  از  شده  زده  تخمین  و  شده 
و جرم حاکم می‌‌باشد. الگوریتم بهینه سازی بر اساس استفاده از روش 
گرادیان مزدوج توسعه داده شده می‌‌باشد. همچنین دسته معادلات جزیی 
غیرخطی مربوطه با بکارگیری روش المانی تقسیمات مربعی بصورت یک 
در  رویکرد  اطمینان   و  بکارگیری  قابلیت  شده‌‌اند.  حل  قدرتمند  شیوه 
حل مسائل تحت شرایط مختلف قابل نشان داده شده است. نتایج نشان 
نفوذ حرارت و جرم در سیستم های حل شونده و  می‌‌دهد که ضرایب 
قادر  را  ما  اند، که  قابل تخمین زده شده  حلال بصورت  رضایت‌‌بخشی 
کنیم استفاده  انتقال  پدیده‌‌های  سایر  برای  الگوریتم  این  از  تا  می‌‌سازد 
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