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! Artificial Neural Network (ANN)

2 Convolutional Neural Networks (CNNs)

3 Long Short Term Memory Networks (LSTMs)
4 Recurrent Neural Networks (RNNSs)

5 Radial Basis Function Networks (RBFNs)
© Multilayer Perceptrons (MLPSs)

7 Self Organizing Maps (SOMs)

8 Recurrent Neural Networks (RNNs)

? Generative Adversarial Networks (GANSs)
10 Radial Basis Function Networks (RBFNSs)
! Multilayer Perceptrons (MLPs)

12 Deep Belief Networks (DBNs)

13 Restricted Boltzmann Machines (RBMs)
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! Levenberg -Marquardt

2 Correlation

3 Root Mean Squard Error (RMSE)
4 Regression
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%%

cle

close all

%Standardize Data

%For a better fit and to prevent the training from diverging,
Y%standardize the training data to have zero mean and unit variance.
%Standardize the test data using the same parameters as the training data.

%
Data=Input(:,1);
mu = mean(Data);
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sig = std(Data);
data = (Data - mu) / sig;

In=Input;
data=data’;
clear IN Data

%Data Prepration

numTimeStepsTrain = floor(0.9*numel(data));

XTrain = In(1:numTimeStepsTrain);

YTrain = data(2:numTimeStepsTrain+1);

XTest = In(numTimeStepsTrain+1:end-1);

YTest = data(numTimeStepsTrain+2:end);

%%

%Define LSTM Network Architecture

%Create an LSTM regression network.

%Specify the LSTM layer to have 200 hidden units.

inputSize = 1;

numResponses = 1,

numHiddenUnits = 50;

%%

layers =1 ...
sequencelnputLayer(inputSize)
IstmLayer(numHiddenUnits)
fullyConnectedLayer(numResponses)
regressionLayer];

%bidirectional

layers=1 ...
sequencelnputLayer(inputSize)
bilstmLayer(numHiddenUnits)
fullyConnectedLayer(numResponses)
regressionLayer]

%%

%Specify the training options.

%Set the solver to 'adam' and train for 100 epochs.

%To prevent the gradients from exploding, set the gradient threshold to 1.

%Specify the initial learn rate 0.005, and drop the learn rate after 125 epochs by multiplying by a factor of 0.2.

opts = trainingOptions(‘adam’, ...
'MaxEpochs',1000, ...
'GradientThreshold',1, ...
‘InitialLearnRate’,0.005, ...
‘LearnRateSchedule’,'piecewise’, ...
‘LearnRateDropPeriod’,125, ...
‘LearnRateDropFactor',0.2, ...
‘Verbose',0, ...
'Plots','training-progress');

%Train LSTM Network

%Train the LSTM network with the specified training options by using trainNetwork.

net = trainNetwork(XTrain,Y Train,layers,opts);

%%

%Forecast Future Time Steps

net = predictAndUpdateState(net, X Train);

[net,YPred] = predictAndUpdateState(net,Y Train(end));

numTimeStepsTest = numel(XTest);
for i = 2:numTimeStepsTest
[net,YPred(1,i)] = predictAndUpdateState(net,YPred(i-1));
end
%Unstandardize the predictions using mu and sig calculated earlier.

YPred = sig*YPred + mu;
%The training progress plot reports the root-mean-square error (RMSE) calculated from the standardized data. Calculate
the RMSE from the unstandardized predictions.
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rmse = sqrt(mean((YPred-YTest)."2))
%Plot the training time series with the forecasted values.

figure

plot(data(1:numTimeStepsTrain))

hold on

idx = numTimeStepsTrain:(numTimeStepsTrain+numTimeStepsTest);
plot(idx,[data(numTimeStepsTrain) YPred],".-"
hold off

xlabel(*Month")

ylabel("Cases")

title("Forecast")

legend(["Observed" "Forecast"])

%Compare the forecasted values with the test data.
figure

subplot(2,1,1)

plot(YTest)

hold on

plot(YPred,.-"

hold off

legend(["Observed" "Forecast"])
ylabel("Cases")

title("Forecast™)

subplot(2,1,2)

stem(YPred - YTest)

xlabel("Month™)

ylabel("Error")

title("RMSE =" + rmse)

%% ANN

cle

close all

clear

load('Data.mat’)

X = Input';

t = Output';

%%trainscg

Y%trainbr

trainFcn = 'trainbr’;

hiddenLayerSize = 50;

net = fitnet(hiddenLayerSize,trainFcn);
% Train the Network

[net,tr] = train(net,x,t);

% Test the Network

y = net(x);

fit=y;

%% plot

figure,plot(t(1,:), linewidth',2);title('Heat Capacity")

hold on;plot(fit(1,:),".-r");legend(‘Actual Data','Predicted by ANN’)
hold off

figure,plotregression(t(1,:),y(1,:))

%%

figure,plot(t(2,:),'linewidth’,2);title('Thermal Conductivity')

hold on;plot(fit(2,:),".-g");legend('Actual Data','Predicted by ANN")
hold off

figure,plotregression(t(2,:),y(2,:))

%%

figure,plot(t(3,:), linewidth',2);title("Viscosity")

hold on;plot(fit(3,:),".-y");legend('Actual Data','Predicted by ANN")
hold off

figure,plotregression(t(3,:),y(3.:))

Validation
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Evaluating the effectiveness of artificial neural network models for estimating
and calculating the conductive heat transfer coefficient in nanofluids
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Abstract

In this article, it has been tried to develop the data related to nanofluids using artificial intelligence models and
introduce an optimal model to estimate and calculate the coefficient of thermal conductivity for nanofluids.
Therefore, the experimental data of experiments based on Al,O3, CuO, TiO,, Fe,03 nanoparticles in the base fluid
of distilled water for volume percentages of 0.2 to 2 were measured at different temperatures and were used as
input to the models along with library data. The type of nanoparticle, temperature, density and viscosity were the
input data to the models, and the thermal conductivity parameter of the nanofluid is the output of the models. A
total of 268 data series were defined as input to the models, 70% of which were used for training and 30% for
testing. It was investigated with five different modes including artificial neural network with activation function
ANN-Trainlm, ANN-Trainbr, ANN-Trainscg, long short term memory network (LSTM) and support vector
regression (RVS) for modeling. The results showed that LSTM has a much better match with the experimental
data, because the values of regression coefficient (R2), root mean square error (RSME) and mean absolute
percentage error (MAPE) values are 0.9764, 0.0313 and 0.0819, respectively.
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*corresponding author: hasan.amirahmadi@srbiau.ac.ir

Cite this article as: Hasan Amirahmadi, Mohammadhasan Nobakhti, GholamReza Salehi,
Evaluating the effectiveness of artificial neural network models for estimating and calculating the
conductive heat transfer coefficient in nanofluids. Journal of Energy Conversion, 2025, 12(2), 69-
86.

AP


mailto:hasan.amirahmadi@srbiau.ac.ir
https://jeed.dezful.iau.ir/article-1-507-en.html
http://www.tcpdf.org

