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The current communication studies the artificial neural networks with Leven-
berg-Marquardt method (ANN-LMM) based back propagation find the solutions 
of thermal radiation on squeezing Jeffrey fluid-flow with heat flux in a rotating 
frame. Also the heat and mass transfer aspects are examined in the occurrence of 
the Cattaneo-Christov heat flux model (CCHFM). The governing equations of Na-
vier-Stokes equations with the help of similarity transformation a set of boundary 
value problem is achived. The numerical method is along with ANN-LMM. The Jef-
frey fluid is tested for accuracy in the range of E-7 to E-4 by achieving a excellent 
agreement with the obtainable solutions and is further authorized by error histo-
grams and regression steps. The impact of the physical parameters on the velocity 
and temperature profiles are discussed briefly. The velocity profile increases with 
the squeezing parameter and the Deborah number, β. The velocity profile decreases 
for the parameters rotation, ω, and relaxation time parameters, λ1. Temperature 
profile decreases for the large value of the squeezing, themal relaxation parameter, 
and Prandtl number. For the larger value of the Deborah number and rotation 
parameter, the skin friction coefficient enhance, While for the λ1 and squeezing 
parameter decreases.
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Introduction

The most popular model for the classification of heat transfer instruments in various 
applicable circumstances has been the classical Fourier’s heat conduction law. Heat transporta-
tion is used in a variety of industries, including atomic reactors, electronic device refrigeration, 
and energy fabrication. Analysis of the flow has application areas in engineering and industries 
in the presence of magnetic fields i.e, blood flow measurements, MHD generators, accelerators, 
to propose cooling systems with liquid metal, nuclear reactors and pumps are little examples. 
The law of heat conduction is initiated mainly by Fourier [1]. This relationship was updated by 
Cattaneo [2] by taking time for thermal relaxation. The absurdity of heat conduction is incapac-
itated by this phase. In addition, Christov [3] considered Oldroyd’s upper convective time de-
rivative, also known as the CCM, as a modification of the Cattaneo model. Many studies [4-6] 
have been performed on the CCM in recent years. Engineering, physics, biology, and material 
sciences all benefit from the study of squeezing flows. The study of rheometric properties of 
fluids has gotten a lot of attention in recent years because of its significance. There are vari-
ous industrial applications. Modelling of, for example, lubrication mechanisms used in fluid 
squeezing [7-9], squeezing flow may also be used to model the lubrication system. Stefan [10] 
was the one who began the flow squeezing design. Langlois [11] looked at isothermal squeezed 
films and presented his results. The squeezed flow of a 2nd-grade fluid was examined by Raja-
gopal and Gupta [12]. Hayat et al. [13] used thermal energy to examine the unsteady squeezing 
flow of Jeffery fluid. The MHD squeezed nanofuid fow in revolving channel was discussed by 
Shahmohamadi [14]. Ghulam et al. [15] studied the entropy generation and consequences of 
MHD Darcy-Forchmier nanofluid-flow bounded by non-linear stretching surface. Lund et al. 
[16] studied the convective effect on MHD stagnation point flowof Casson fluid over a vertical 
exponentially stretching/shrinking surface and the stability analysis of micropolar fluid [17]. 
The stabaility and solutions analysis are extended to hybrid nanofluid with heat transfer, MHD 
and porous effects in [18-20]. Although the aforementioned literature on the flow model is 
comprehensively studied by incorporating the strengths of different numerical and analytical 
deterministic methods. But there is need to search and utilize the stochastic numerical technique 
based on intelligent computing paradigms to solve and analyze the aforementioned problems. 
Khan et al. [21, 22] and Ullah et al. [23-25] developed the stochastic method for the COVID-19 
and for various flow problems. These intelligent computing techniques for the analysis of previ-
ous different problems established the worth of intelligent computing algorithms based solvers 
are source of inspiration for the writers to develop a reliable soft computing structure for phys-
ical problems. The inventive highlights for the proposed intelligent computing architecture are 
given as:
	– A new artificial intelligence based application is presented using LMM back propagation 

neural networks to interpret the USJFF.
	– The MSE base advantage function is intended for use in the execution of ANN-LMM for 

approximate modelling NODE using a reference dataset that has been prepared, tested, and 
validated.

	– The validation, testing and training procedures of NODE are developed by modelling of 
USJFF and association with suggestion outcome to validate the precision of the planned 
ANN-LMM. 

	– The solution of NODE via planned solver LMM is further validated through histogram 
plots, regression measures and convergence plots of MSE based fitness functions.

According to our literature research, to examine the flow model. The heat transfer 
analysis is studied via CCHFM. Proper transformation is used to obtain a NODE. We apply AI 
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methods through the LMM to implement non-linear back-propagation of neural networks to 
NODE. 

Problem formulation

Assume the USJFF between two parallel plates. The lower plate is placed at y = 0 and 
stretchd with velocity u(t) = bγ/1 – δt. The upper plate is squeezed at y = h(t) = y(d) = [n (1 – δt)/γ]1/2 
in the direction lower plate. The fluid is rotating about y-axis with angular velocity ω = w0/(1 – δt) 
with the heat flux phenomena as shown in fig. 1. The deminesnion of δ is t–1 and δt ≺ 1. Also  
T0 > Td, where T0 and Td are the lower and upper plates temperatures. The fundamental govern-
ing equations are:
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The energy equations in the form:
( )pc V T qρ ∇ = −∇ (5)

where
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where λ1/λ2 is the arerelaxation/retardation times, ρ and cp are the density and specific heat and 
is the modefied pressure, and α* is the fractional order. Remove q from eqs.(5) and (6), energy 
conservation low consequent to CCHFM gives:
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Remove the pressure gradient as of eqs. (4) and (5), then apply the transformation:
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We obtain the equations:
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is the thermal radiation parameter.

Numerical experimentation with discussion

The outcome of ANN-LMM for Case 3 of Cases 1-7 scenarios in expressions of per-
formance and state are exposed in figs. 1(a) and 1(b), fitting and error histograms of the solution 
for particular Cases 1-6 are illustrated in figs. 1(c) and 1(d). The analysis of the regression is 
shown in fig. 1(e), for relevant six cases of flow model. furthermore, the convergence achieve 
parameter in expressions of MSE, implement epoch, performance, back propagations evaluate 
and time of completing are tabulate in tab. 1, for all three cases of every scenarios of flow mod-
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el. In the subfigures 1(a), convergence of MSE for traing, validation and testing procedure are 
presented for Case 3 of Cases 1-7 scenarios flow model. As has been shown, the best network 
performance was attained at 5.4219⋅10–09 at epoch 292. The, respectively values of gradient and 
step size Mu of back propagation are approximately 9.968⋅10–08 and 10–09 as shown in subfig-
ures 1(b).The performance of ANN-LMM generate results are check with mention numerical 
results for Case 3 of all scenarios and respective outcome are known in subfigures fig. 1(d) 
beside with input error dynamics of between 0,1 with step size of 1/100. The maximum error 
realize by the planned ANN-LMM for testing, traing, and validation data is less than 1⋅10–04 for 
Case 3 of 1-6 scenarios of framework model. Error histograms for every input point are used 
to further test the error dynamics, and the outcomes are shown in subfigure 1(c), for Case 3 of 
Scenario 1-6, respectively, of flow model. There are errors in the error bin with the reference 
zero line around 4.57⋅10–05 for all six scenarios of flow model. Co-relation experiments are used 
in regression studies to analyze the data.The outcome of regression production given in fig. 
1(e) for Scenarios 1-6 of flow model. Correlations R value are always around unity i.e, required 
values for wonderful modelling, for the testing, training and validation, which recognized the 
exact working of ANN-LMM for solving flow model. The results of numerical experimenta-
tion for ANN-LMM for flow model equation. The ANN-LMM architecture is implemented for 
six scenarios. Only one scenario can be changed in each case; all other scenarios are fixed, as 
shown in tab. 2. The performance of ANN-LMM is around 10–09 to 10–11, 10–12 to 10–11, 10–14 to 
10–11, 10–12 to 10–11, 10–12 to 10–11, and 10–12 for respective Scenarios 1-6 cases of flow model. 
These outcome represent the dependable performance of ANN-LMM for solving flow model. 

Figure 1. Outcomes of ANN-LMM; (a) performance outcome of MSE, (b) state transition dynamic,  
(c) error histogram, (d) fit study, (e) regression figure, and (f) schematic diagram of the flow

Velocity and temperature profiles

This subsection aims to examine how various embedding parameters influence the 
velocity components F′(ζ), G(ζ), and the temperature distribution θ(ζ). As shown in the fig. 
2(a), increasing the Deborah number, β, results in increasing fluid velocity F′(ζ) adjacent to 
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the stretching plate, whereas the velocity F′(ζ) decreasing near the squeezing plate. This is 
credited to the raised elastic nature of the fluid at larger β values, which overall causes the 
velocity profile to rise. Figure 2(c) show the effect of the β in G(ζ ). The volues of Deborah 
number increases the velocity profiles also incrases. Figures 2(e) and 2(g) shows the influ-
ence of squeezing parameter, sq, on the velocity profile F′(ζ) and G(ζ). Boths the velocity 
profiles increasing for the increasing the volues of sq. The effect of sq on the temperature 
profile, θ(ζ), is shown in fig. 2(i). The temperature field, θ(ζ), increases for the higher volues 
of the sq. Physically, increasing the sq intensifies the squeezing force exerted on the fluid, 
which in turn leads to a rise in the temperature distribution. Figure 2(k) show the impact of 
the parameter, λ1, which is the ratio of relaxation retardation time, on the velocity profile. Fas-
cinatingly, its influence is the reverse of what is observed for β and ω. In the fig. 2(m) show 
the effect of the λ1 on the G(ζ), Velocity profile G(ζ) increases for the increasing the volues of 
λ1. The effect of the rotation constraint, ω, on the velocity field is depicted in figs. 2(o) and 

Table 1. Results of ANN-LMM for Scenario 1 of foir U2D-SJFF

Case
MSE

Performance Gradient Mu Epoch Time
Training Validation Testing

1 1.05305⋅10–09 5.46518⋅10–08 1.22534⋅10–09 1.05⋅10–09 9.90⋅10–08 1.00⋅10–08 186 0:00:02

2 5.74882⋅10–11 4.15160⋅10–10 2.51850⋅10–09 5.74⋅10–11 9.97⋅10–08 1.00⋅10–09 172 0:00:0

3 3.27483⋅10–11 5.42189⋅10–09 6.63421⋅10–11 3.27⋅10–11 9.97⋅10–08 1.00⋅10–09 192 0:00:40

Table 2. For flow model there is an explanation of the scenario as well as illustrations
Scenario  Case Physical quantities

β sq  λ1  ω Nr  γ Pr
1 0.0 1.0 2.0 0.2 1.0 1.5 2

1 2 0.5 1.0 2.0 0.2 1.0 1.5 2
3 1.2 1.0 2.0 0.2 1.0 1.5 2
1 1.0 0.1 2.0 1 1.5 2 1

2 2 1.0 0.2 2.0 1 1.5 2 1
3 1.0 0.3 2.0 1 1.5 2 1
1 1.5 1.0 1 1.5 1.5 2 2

3 2 1.5 1.0 2 1.5 1.5 2 2
3 1.5 1.0 3 1.5 1.5 2 2
1 1.0 2.0 1.3 0.1 1.5 2.2 1.2

4 2 1.0 2.0 1.3 0.2 1.5 2.2 1.2
3 1.0 2.0 1.3 0.3 1.5 2.2 1.2
1 1.2  1.2 2 1 1 2 2

5 2 1.2 1.2 2 1 2 2 2
3 1.2 1.2 2 1 3 2 2
1 1.3 1 2.2 2 1.5 1 1

6 2 1.3 1 2.2 2 1.5 2 1
3 1.3 1 2.2 2 1.5 3 1
1 0.5 1.0 1.5 0.2 1.5 –6 1

7 2 0.5 1.0 1.5 0.5 1.5 2 2
3 0.5 1.0 1.5 0.5 1.5 2 3
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Figure 2. Show the results of different parameter on the velocity 
and temperature field
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2(q). It is observed that with higher values of ω, the velocity field increases near the stretch-
ing plate but decreases near the squeezing plate. This is because an upsurge in ω introduces 
superior resistance to fluid motion, there by dropping the velocity distribution. Moreover, the 
velocity component G(ζ) exhibits a increasing trend with growing ω. Figure 2(s) illustrates 
the effect of the thermal relaxation constraint, γ, on the θ(ζ) . Clearly the temperature field 
increasing function of the thermal relaxation parameter. Figure 2(u) describes the result of 
the Prandtl number on the temperature profile, revealing a decreasing trend in temperature as 
Prandtl number increases. As shown in tab. 3, when sq and λ1 increase, the skin friction coef-
ficient goes down, while it rises for higher values of ω and β. Consequently, the outcome of 
ANN-LMM are finding for the F(ζ), G(ζ ), and θ(ζ) for all scenarios. Result of these profiles 
are shown in fig. 2 for Scenario 1-6, respectively of U2D-SJFF. The outcome of ANN-LMM 
co-ordinated with standard OHAM solutions in every case of all scenarios, consequently, in 
command to entrée the accuracy estimate, absolute error as of reference solution are find and 
results are exposed in subfigs. 2(b), 2(d), 2(f), 2(h), 2(j), 2(l), 2(n), 2(p), 2(r), 2(t), and 2 (b) 
for case study 1-6, respectively. We notice that absolute error are around 10–03 to 10–06, 10–05 to 
10–07, 10–04 to 10–05, 10–03 to 10–08, 10–04 to 10–06, 10–05 to 10–06, 10–05 to 10–06, 10–04 to 10–05, 10–08 
to 10–05, 10–05 to 10–07, and 10–06 to 10–08, respectively for all scenarios. All these numerical 
and graphical representations demonstrated the accuracy, convergent and strong performance 
of ANN-LMM total approach for solving the variation of flow model. 

Table 3. Skin friction coefficient values of β, λ1, ω, and sq in case γ = 1, Pr = 1 

β λ1 ω sq ReF xC−

0.50 1 0.5 -0.10 2.633
0 2.65

0.10 2.63
0.50 1 0 1 1.312

0.50 1.259
0.90 1.216

0.50 0 0.50 1 2.38
1 1.25

1.5 1.03
0 1 0.5 1 0.619

0.10 0.798
0.20 1 0.5 1 0.877

Conclusiones
The following are the main points of the new initiative.

	y Velacity profile increases for the squeezing parameter and Deborah number, β, and for the 
rotation and relaxation time parameter, ω, λ1 the velocity profile decreases.

	y Temperature profile decreases for the larg value of the squeezing, themal relaxation param-
eter and Prandtl number.

	y For the larger value of the Deborah number and rotation parameter, the skin friction coeffi-
cient enhance, While for the λ1 and squeezing parameter sq, it decreases.see tab. 3.

	y The Nr have the same effect as Prandtl number.
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