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 Effects of Different Turbulators on Heat Transfer in Smoke Tube Boilers and Modeling of These Effects 

with Machine Learning Algorithms 

Aydın ÇITLAK1*, Ahmet Beyzade DEMİRPOLAT2 

ABSTRACT: In smoke pipe boilers, the thermal efficiency of the boiler depends on the smoke pipe 

diameter, smoke pipe length and the heat transfer between the smoke pipe and the outlet chimney. If 

the heat in the smoke pipes is effectively transported through the pipes, the heat distribution on the 

surfaces is balanced and the thermal efficiency of the boiler increases. In this study, the improvement 

of heat transfer in a solid fuel boiler with 125,000 kcal / h heat capacity with a diameter of 42 mm, 

chimney diameter of 230 mm and water inlet and outlet diameters of 65 mm was investigated by using 

4 different types of strip turbulators. Experiments were carried out with turbulators placed in all the 

smoke pipes in the boiler. Firstly, experiments were carried out without placing a turbulator inside. In 

the second step, by placing turbulators in the smoke pipes, experiments were made for each type and 

heat transfer was calculated. In the experiments, the flow rate of the fan was changed with the help of 

damper and the reynolds number was calculated between 18000 and 28000. Turbulator experiments 

for heat transfer improvement have increased by at least %15 and at most %41 compared to turbulator 

free experiments. For the heat transfer increase values obtained because of calculations, predictive 

models were obtained using machine learning algorithms SVM (support vector machine) and decision 

tree (M5P model tree). The resulting models have been analyzed for error analysis and have been 

shown to successfully predict heat transfer increase values. 

Keywords: Smoke tube boiler, heat transfer, turbulator, pressure difference, support vector 

machine, M5P model tree 
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INTRODUCTION 

Increasing the performance of a heat exchanger; it is possible by bringing the hot fluid 

temperatures at the outlet of the heat exchanger and the cold fluid temperatures at the inlet as close as 

possible. The closer the hot and cold fluid temperatures are the better the performance of the heat 

exchanger. However, during this approach, pressure losses will increase. Increasing pressure losses will 

increase operating costs. For this reason, the increase of heat transfer should be taken into consideration 

in the design of heat exchangers. Increasing the heat transfer coefficient is possible by mixing the flow 

that is increasing the turbulence. Heat transfer is higher in turbulent flow than laminar flow. This is 

because the fluid particles flow in layers over each other in the laminar flow. This affects the heat 

transfer negatively. In turbulent flow layers do not form and heat exchange increases between fluid 

particles (Karakaya and Durmuş, 2013; Panahi and Zamzamian, 2017).  

The use of turbulators (turbulence generators) has become widespread to increase the heat 

transfer and thus the efficiency of the boiler in the industrial type boilers and heating boilers with 

smoke pipes. The fact that the results obtained from the turbulators are serious in terms of lowering the 

annual energy costs have pushed both engineers and manufacturers into the search for new turbulator 

models. Thus, studies in this area have gained speed and many experimental and numerical studies 

have been done for the most suitable turbulator geometry and material (Sparrow and Chaboki , 1984; 

Verma et al., 2017).  To increase the performance of Sungur and Topaloğlu smoke tube boiler systems; 

they have numerically investigated the change in the heat transfer of the system by installing 

turbulators conically to the smoke pipes in the system (Sungur and Topaloğlu, 2018). Akeel et al. 

Experimentally investigated the increase of forced convection heat transfer by passive techniques for a 

turbulent air flow in this aluminum test tube; reynolds number range is between 6000 and 13500 and 

applied constant heat flux boundary conditions. They achieved significant improvements in heat 

transfer using different divergent nozzle turbulators with and without holes (triangular holes, square 

holes, and circle holes) (Akeel et al., 2014) . In order to examine the effect of turbulators on heat 

transfer in a horizontal pipe, Karagöz and his colleagues first installed fins in the pipe in order to create 

a turbulent flow and compared the unprocessed pipe to compare the data obtained.While performing 

these experimental operations, they used different turbulators with different vane distances and angles 

and carried out their studies in various reynolds numbers (Karagöz et al., 2017).  In Kayataş and İlbaş 

studies, to examine the change of heat transfer, they installed fins of different geometries on a nested 

heat exchanger. They examined the data obtained against the eddy flow and the effect of heat transfer 

by applying the same directional and opposite flows on the finless heat exchanger and numerically 

examined these effects with the help of the fluent program (Kayataş and İlbaş, 2005).  In Argunhan and 

Yıldız studies, by using rotation manufacturers with different hole numbers in a nested heat exchanger; 

they experimentally investigated changes in the system on heat transfer and pressure drop (Argunhan 

and Yıldız, 2011).  They mounted the fins on aluminum tubes to create turbulence and compared the 

effects of this application relative to the empty tube. They conducted their investigations in different 

Reynold numbers using three arcs with three ranges and three bent plates (Karagöz et al.,2019).  They 

have installed a helical turbulator inside a Copper pipe and examined the change of the effect of this 

application on heat transfer using numerical methods (Uğurlubilek and Uralcan,2011). Sungur et al. 

Investigated increasing the efficiency of liquid fuel smoke tube boilers used in domestic heating. For 

this purpose, they placed conical geometry turbulators in the boiler's smoke pipes and investigated the 

effects on the flame structure and heat transfer numerically. Calculations were carried out in two 

dimensional axisimetric conditions and fluent was used as computational fluid dynamics software. 
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Temperature and flow function distribution and pressure drop according to the arrangement of the 

turbulators were examined and they investigated the most suitable turbulator for the boilers (Sungur et 

al.,2018). Şahin and Dal used a spring-type turbulator to improve the heat transfer and determine the 

friction characteristics of a concentric nested tube heat exchanger and made numerical analyzes with 

the RNG k-ε model (Şahin et al.,2020). 

In the literature, various studies have been carried out in order to increase the heat transfer in the 

pipe, theoretically and experimentally in rotational flows. Smithberg and Landis investigated heat 

transfer and friction losses by using bent type spinning rotors built into the pipe in forced transport 

(Smithberg and Landis,1964). The researchers determined that the speed field of the flux is helical and 

the vortex in the core of the flux using the twisted type rotational manufacturer.  They observed that 

these formations had a positive effect on heat transfer. (Narezhnyy and Sudarev,1971) They used 

helically twisted turbulators as a rotating flow generator. The researchers placed the turbulators at the 

inlet of the pipe, instead of placing it all over the pipe. In this way, the flow was initially rotated, and 

then allowed to develop independently.  Thus, they ensured that the pressure losses did not increase 

excessively in addition to the increase in heat transfer. (Migay and Golubev,1970) They investigated 

heat transfer and friction losses if there are rotating flow generators in the pipe and the inlet flux is 

turbulent.  According to researchers, heat transfer increases in rotational flows, but the friction 

coefficient has increased even more than heat transfer. In other words, rotating flows increase the heat 

transfer, while increasing the pressure losses.  Kuzay and Scott conducted experimental studies for 

turbulent heat transfer in the case of both rotating and standing inner cylinders in a cylindrical range 

(Kuzay and Scott,1977). The researchers measured speed components and hydraulic losses over time if 

a fully developed turbulent flux was supplied to an axially rotating pipe (Kikuyama et 

al.,1983).  Researchers have found that rotating the pipe suppresses turbulence and reduces hydraulic 

losses. In this case, they observed that the axial velocity approached a laminar flow type with an 

increase in the rotational speed of the pipe. Yıldız and others investigated the effect of the crimped strip 

placed in a concentric double tube heat exchanger on heat transfer and pressure loss (Yıldız et 

al.,1998). Experiments were carried out for both simultaneous and counter flow conditions. In the 

double-pipe air-cooled system, heat transfer was increased 100% by placing a turbulator in the form of 

a curved strip inside the tube. 

Many data and formulas are used for heat transfer research. Processing large data and getting 

results are very time consuming and laborious. In this respect, variety computational intelligence 

methods are used to process many data. The most common of these methods are artificial neural 

networks. Artificial neural networks have been applied to many studies on heat transfer. Moya-Rico 

and friends created an artificial neural networks (ANN) model with corrugated and inner tubes that can 

accurately predict the heat transfer rate and pressure drop in a triple concentric tube heat exchanger 

typically used in the food industry (Moya-Rico et al.,2019). They developed and validated the ANN 

model using a database containing 181 experimental datasets. The ANN configuration consists of a 

network with two hidden layers of 15 and 21 neurons in the first and second layers, respectively. They 

found that the ANN results were in good agreement with the experimental data, the absolute average 

relative deviation (AARD) was below 1.91% for the heat transfer coefficient and below 3.82% for the 

pressure drop. Verman and others compared the heat transfer performance of the proposed fabricated 

heat exchanger using corrugated and non-corrugated pipes. The length and diameter of the pipes are 

25.4 mm and 2000 mm, respectively. The authors also modeled the artificial neural network (ANN) to 

estimate the heat transfer coefficient, nusselt number, and reynolds number (Verma et al., 2017). 
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Durmuşoğlu and his colleagues have designed a compatible artificial neural network model to 

accurately predict the nusselt number and friction factor of a perforated strip element placed in the pipe. 

Guoqiang experimentally examined heat transfer in the 180° return channel with variable cross section 

and different turbulators. The channel is the middle part of a gas turbine blade. He analyzed the heat 

transfer of the duct inside a gas turbine blade both experimentally and predictively using ANN 

(Guoqiang, 2007; Golgiaz et al.,2019). Golgiaz and others presented an experimental study on the 

prediction of flue gas temperature in a small-scale hazelnut fired burner. They obtained attributes from 

the flame image and made ANN flue gas temperature estimation with image processing method 

(Golgiyaz et al.,2019). Çirak and Korçak examined heat transfer and heat losses by using two different 

artificial neural network (ANN) models for insulated and uninsulated conditions of the heating pipes 

used for heating in buildings (Çirak and Korcak,2017). Tokgoz and friends used the fluid dynamics 

(CFD) package program to calculate the flow values of nanofluids in the system. They performed their 

work in the reynolds range of 10,000 ≤ Re ≤ 20,000   They calculated the thermal and hydraulic 

properties of the nanofluid flowing through a straight channel in order to verify their numerical 

estimates (Tokgoz et al.,2018). Koca and Zedeli have been experimentally considered to increase the 

heat transfer by vertical positioning of the helical inner tube heat exchanger with different helical 

numbers and they have investigated to improve the heat transfer by increasing the number of helical 

copper pipes used in the heat exchanger ( Koca and Zedeli,2020). 

Ibrikçi and friends used artificial neural networks (ANN) to accurately estimate the critical 

buckling loads of a cylindrical isotropic spiral spring with a fixed end and circular cross section and 

found that the data obtained corresponded with the literature ( İbrikçi et al.,2010). 

The aim of this study is to investigate the effects of the turbulator types produced on heat transfer 

in a solid fuel boiler and to improve the heat transfer. For this purpose, increase and pressure loss in 

heat transfer was investigated by developing and placing different types of turbulators into the pipe in 

smoke tube boilers. In this way, the effects of different turbulators on heat transfer were examined. By 

placing turbulators at the pipe inlet and along the pipe, heat transfer changes were obtained for different 

reynols values. Necessary arrangements have been made to deliver the required water and hot smoke to 

the system. A fan is used when necessary to obtain the air flow drawn through the smoke pipe. The 

temperature of the pipes and the fluids were read with thermo elements, a channel selector and 

temperature gauges. Pressure losses were determined at certain points on the system by reading the 

pressure values. Heat transfer increases were achieved with four types of turbulators used in smoke 

ducts. For the obtained heat transfer increase values, the predictive model was developed by using the 

M5P model tree algorithm, the machine learning algorithm. To determine the validity of the predictive 

model, mean absolute error (MAE), root mean square error (RMSE), relative absolute error (RAE) and 

root relative absolute error (RRAE) analyzes were performed. In this study, it is expected that the 

studies on the pressure losses, heat transfer increase and design of the smoke tube boilers can serve as 

an example to predict some thermophysical properties by using machine learning algorithms. 

MATERIALS AND METHODS  

 Experimental Setup 

Experimental studies, Malatya Mimsan Ltd. STI. It was made with the experimental setup 

established in the boiler factory. Schematic view of the experimental setup is given in Figure 1 (Çıtlak 

et.al.,2019). 
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         Figure 1. Schematic view of the experimental setup. 

 

In the experimental setup;in order to obtain hot water, 3 pass boiler with 125.000 kCal/h capacity 

with solid fuel Mimsan brand, multi-input computer controlled temperature meter measuring 

temperature at various points, anemometer for flue gas speed and electronic differential pressure device 

for pressure difference. The diameter of the boiler's smoke pipes is 42 mm, the chimney diameter is 230 

mm, and the water inlet and outlet diameters are 65 mm. T type 0.5 mm teflon insulated copper (Cu-

Cons) placed in water inlet and outlet and flue gas was measured with thermocouples. 32 channel 

Elımko digital scanner was used for temperature and pressure measurements. Chimney gas velocity 

was measured with an anemometer attached to the chimney. In addition, a circulating pump for 

circulating heated water in the test system and flanged type magnetic rotameter to measure the flow 

rate of the circulating water is attached to the pipe.  One of the ways to increase heat transfer is to 

install turbulators in the smoke pipes in the system. In the experiments, a total of 8 turbulators of 4 

different types were used. In addition, measurements were taken without turbulators for all Re 

numbers. Walnut sized russian lignite coal was used as fuel. Pictures of the experiment set are given in 

figure 2 and figure 3. 

 

 
 

Figure 2. The boiler and automation system used in the experiments 

 

The turbulators are made of 2 mm sheet metal and shaped in the press by heating. Turbulators are 

produced in two types as curved and wavy. The turbulators used in the experimental study were 

manufactured with a length of 45 cm and experimental data were obtained using these turbulators. 

(Figure 3). 
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                                                    E                                                          D 

Figure 3. Types of turbulators (A-E: Frequent wave, B: Sparse wavy, C-D: Freely curved, D:  Sparse curved) 

Calculation Procedure 

The fan used in the boiler provides 1650 m3 / h, 1050 m3 / h and 700 m3 / h air flow with the help 

of damper. The number of boiler smoke pipes is 34 pieces. The volume flow through each smoke pipe 

with a diameter of 42 mm (Di) is determined by the ratio of the flow rate to the number of smoke pipes. 

Re number was found with the help of Equation (1) (Yılmaz and Ayhan,1983). 

                                                             


iD.U
Re

                                                                           (1) 

 

In Equation (1), ν is the kinematic viscosity of the air, the inner diameter of the Di pipe, the 

average velocity in the U smoke pipe. In the study, measurements were made in 3 different flow rates 

in the range of Re = 18000-28000. 

The amount of heat (Q1), which consists of hot smoke gas inside the pipe and passes into the 

water on the outer surface of the pipe, has been found by using Equation (2) (Kakaç,1987). This 

amount of heat is also equal to the amount of water (Q2) in the pipe. 

                                          

                                                 21 QQ  Log1 T.A.hQ 
                                                                         (2) 

 

In finding the logarithmic temperature difference values of the smoke pipes, the calculations in 

Figure 4 and Equation (3) are used. 
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Figure 4. Logarithmic temperature difference 

In Figure 4; Tsi = The entrance temperature of the smoke to the burner (Front chest temperature), 

Tso = The exit temperature of the smoke from the burner (Back chest temperature), Twi = The 

temperature of the water entering the boiler, Two = The temperature of the water leaving the boiler. 

The logarithmic temperature difference was calculated with the help of Equation (3). 

 

                                                                        














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2

1

21
log

T

T
ln

TT
T

                                                           (3)   

 

Equation (2) also shows the heat transfer coefficient h, the side surface area (thermal area) of the 

pipe where the flux A passes. The amount of heat (Q2) of the water in the pipe is found with the help of 

Equation (4). 

                                                                      

                                                                     2 ( )
waterwater p sg sçQ m c T T                                                    (4) 

 

In equation (4), ṁwater is the mass flow of water (kg / sec), and Cpwater is the specific (J / kgK) heat 

of water. After logarithmic temperature difference is obtained, energy balance and average heat transfer 

coefficient are calculated. The heat gained with the help of equation (5) is found by hitting the heat 

generated by the temperature difference in the surface area. 
 

21 QQ 
 

                                                
log. . ( )

waterwater p sg sçh A T m c T T                                                       (5) 

The coefficient h in Equation (5) is calculated with the help of Equation (6). 

                                                                

                                                             
log

( . ) ( )

( ).

waterwater p sg sç

i

V c T T
h

D L T









                                                        (6) 

In Equation (6), the volumetric flow is the side surface area of the smoke pipe A and the inner 

diameter of the smoke pipe Di. With the help of h heat transfer coefficient (W / m²K) in Equation (6), 

the Nusselt number is calculated with the help of Equation (7). 
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hL
Nu

k


                                                                  (7) 

 

In equation (7), h is the heat transfer coefficient, L is the length of the pipe and k is the heat 

conduction coefficient of the air. The increase in the number of Nu thanks to turbulators shows that 

there is an increase in heat transfer. However, due to its structure, turbulators create resistance to flow, 

which causes an increase in pressure loss. For this purpose, it is necessary to determine the net heat 

gain and additional pressure loss amount to determine the heat gain rate. To determine the Thermal 

Gain rate, the corresponding Equation (8), which is the ratio of the Net heat gain to the additional 

pressure loss, can be applied (Çakmak,2000). 

                                    

                                                 
81,9.

1000
.
VPP

QQ

P

Q

T

T

K

NIK







                                                            (8) 

 

The amount of heat transferred in equation (8) in QT turbulator experiments is the amount of heat 

transferred in the experiment without Q turbulators. The pressure difference that occurs in experiments 

with PT turbulator shows the pressure difference in experiments without P turbulator.  volume flow. 

Equal (8) dimensionless thermal gain value is obtained. 

In order to see an increase in the heat transfer analysis compared to the test without turbulators, 

percentage increases were found by using Equation (9). 

 

%Qh=
QT - Q

Q
  

                                                                                                                                                               (9) 

Equation (9) shows the amount of heat transferred in QT turbulator experiments and the amount 

of heat transferred in experiments without Q turbulators. This calculation was applied to all results of 

the experiments, and the results of the experiments with the turbulator were increased in percent 

compared to the test without turbulator. 

In the experiment study, the performance of the heat transfer was measured. Reynolds numbers 

and friction factor were calculated with the values obtained from these measurements. These calculated 

values of the uncertainty value determining Kline and McClintock direction specified by the tem 

(Equation 10) is based on (Kline, 1953; Holman, 1989). In Equation 10, x denotes uncertainty 

properties and W denotes uncertainty value. In this study, the uncertainty analysis calculated for 

various parameters is shown in Table 1. 

                                                                                       (10) 
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Table 1. Uncertainty Values 

Parameter Uncertainty Value (%) 
Heat Transfer Loss Measurements ± 4.1% 
Mass and time measurements ± 1.3% 
Uncertainty due to differences in smoke pipe length ± 1.1% 
Uncertainty due to differences in pipe diameter ± 1.2% 
Uncertainty of Physical Properties (Viscosity and Density) ± 1.3% 
The uncertainty in the Reynold number ± 2.9% 
Uncertainty in the friction factor    8.2% 

 
Decision Tree Algorithm 

The decision tree (DT) algorithm is a classification and pattern identification algorithm that has 

been widely used in the literature in recent years. The most important reason for the widespread use of 

this method is that the rules used to create tree structures are understandable and simple the basic 

structure of a decision tree consists of three basic parts called knots, branches, and leaves, as shown in 

Figure 5. In this tree structure, each attribute (Air speed, Temperature, etc.) is represented by a knot 

Branches and leaves are other elements of the tree structure. The last part of the tree and the top of the 

tree are called roots (Alic et.al.,2019; Pal and Mather,2003). The parts between the roots and leaves are 

expressed as branches (Das and Demirpolat,2019; Çerçi and Daş,2019). In other words, a tree structure; 

a root node containing data, internal nodes (branches) and end nodes (leaves). The basic principle in 

creating a decision tree structure using the attribute information of the training data can be expressed as 

a series of questions about the data and can be concluded by concluding according to the answers 

obtained as soon as possible.  In this way, the decision tree collects answers to questions and creates 

decision rules. The root node, the first node of the tree, begins to ask questions for classifying data and 

the structure of the tree, and this process continues until branches without or without knots are found 

(Demirpolat and Das, 2019). 

 
Figure 5. DT structure consisting of three classes with four-dimensional feature areas 

Figure 5 shows a simple tree structure consisting of four-dimensional property values of three 

classes. Figure xi property values; Values A, b, c, d, and e represent branching and threshold values for 

A, B, C class labels. 

Turbulator length (Size), Reynolds number (R) value, Nusselt number (Nu) value, pressure drop 

(∆P), Heat gain / Pressure Loss rate (Qgain / Ploss) values input information used to create the predictive 

model in decision tree algorithm taken as. Heat transfer % increase (% Qh) was used as output 

information. KA algorithm, which is used to estimate the increase in heat transfer of the smoke tube 

boiler, has been applied using MATLAB 2018b software. M5P algorithm is used for KA method in 

MATLAB software. 
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Figure 6 shows the tree structure used by the decision tree algorithm to estimate % Qh values. In 

Figure 6, % Qh value is calculated according to rules in tree branches depending on Size, Re and Nu 

values in decision tree. 

In Figure 6, the turbulator length (Size) parameter forms the root part of the tree and the inner 

node, Re and Nu branches. The part number 1-4 forms the leaves. The KA algorithm continues to 

apply rules until the data is separated by decisions in the branches and reaches leaf values. The KA 

algorithm randomly sets the rules and roots. 

 

Figure 6. M5P Tree structure 

 

Support Vector Machine 

The Support Vector Machine (SVM) is an excellent kernel-based tool for classification and regression 

(Vapnik,1998;Das and Akpınar,2018).This learning strategy has been developed by Vapnik and is a very 

powerful method based on principles in machine learning algorithms (Smola and Schölkopf,2004). A 

comprehensive study on the use of support vector machines in the solution of regression problems was done by 

Smola and Schölkopf (Vapnik,1995). It is given   1)y(x
N 

1ii i  
 in the form of training examples. In 

regression problems, the response variable is defined as 𝑦𝑖∈ℝ instead of 𝑦𝑖∈ {+ 1, −1}.  SVMs divide the data 

from linear and nonlinear forms into 2 groups and perform the estimation or classification process accordingly. In 

nonlinear datasets, SVM can make predictions thanks to its kernel functions. In this study, PUK kernel was used 

in SVM algorithm. The PUK kernel function is shown in Table 2 (Das et.al.,2019). 

Tablo 2. The PUK kernel function and parameters used in SVM 

Kernel Function Formula Parameters 

Pearson VII (PUK) 

kernel 
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ω , : Pearson width parameters 

 

The input and output parameters of the model created with the decision tree algorithm are used in 

the SVM algorithm model. Error analysis of the models created by the decision tree and SVM 

algorithms are shown in Table 3. The formulas and parameters of the error analysis are given in Table 3. 
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 Table 3. Error Analysis, Formulas and Parameters 

Error Analysis Formula Parameters 

MAE 
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APAP nn  .....11

 

P: Estimated Value 

A: Real Value 

n: Total Data 

RMSE 
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A: Real Value 

A': Actual Value Avg. 
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P: Estimated Value 

A: Real Value 

A': Actual Value Avg.  

 

RESULTS AND DISCUSSIONS 

Graphs between Re number and Nu number among the values obtained as a result of 

experimental studies and calculations are given in Figure 7. 

 
Figure 7. Variation of Re number with Nu number according to the characteristics of turbulators 

As seen in Figure 7, the highest Nusselt number values were obtained in the frequently curved 

turbulator.  In Figure 7, the highest Nusselt value was found as 97.5 in the calculations made at 28000 

Re as a result of experiments done with a curved turbulator. Improvements were made in heat transfer 

by using turbulators in the boiler. Since this improvement in heat transfer is important with the pressure 

loss, the graph of the change in the number of Re with the difference in pressure is given in Figure 8. 
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Figure 8. Variation of Re number with ΔP according to the characteristics of turbulators. 

As seen in Figure 8, the highest-pressure loss at 28000 Re was found as 180.3 Pa in the frequently 

curved turbulator. From the values calculated in Equation 3-5, the ratio of the net heat gain to the net pressure 

drop and the number of Re changes are given in Figure 9. 

 

Figure 9. Changing the net heat gain / additional pressure loss rate with the number of Re according to the 

characteristics of   the turbulators 

The results of the tests carried out without turbulator and heat transfer compared with the 

turbulator are shown in Table 4. 

Table 4. Percentage increase rate of heat transfer in the experiment using turbulator compared to the 

turbulatorless experiment. 

Turbulator Types Percentage heat transfer increase rate 

Frequent Wave Turbulator %24-%26 

Sparse Turbulator %15-%17 

Crimp Turbulator %41-%43 

Rare Curved Turbulator %22-%24 

As seen in Table 4 above, improvements in heat transfer up to 43% have been achieved. This rate of 

increase was seen in the frequently curved turbulator. The least increase was in the rare wave turbulator with 

15%. However, the most pressure loss also occurred in the frequently curved turbulator. The least heat transfer 
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and the least pressure loss increase occurred in the sparse wave turbulator. The error analysis values of the model 

obtained with the M5P and SVM algorithms created for the heat transfer increase values obtained from the 

experiment set are shown in Table 5. 

Table 5. Error rates 

Error Analyzes M5P SVM 

MAE 3.1153 0.0439 

RMSE 3.7421 0.0486 

RAE %31.8607  %0.4487  

RRAE %30.1962  %0.3918  

 

Chokkıyee and friends, the heat exchanger used in studies; used in multiple regression analysis 

studies to precisely estimate the values of nusselt numbers of Al2O3 / H2O nanofluid flowing through it. 

After evaluating the results of these analyzes with root mean square error method (RMSE), they 

determined that the linear regression method (LM) used provided the best fit with the experimental data 

(Chokkıyee et al.,2020). Abadi and others Used the mean absolute error (MAE) method to determine the 

accuracy of the results of heat transfer coefficients and pressure drops obtained from the system (Abadi 

et al.,2018). Predictive models were created with M5P and SVM algorithms for heat transfer increase 

obtained with experiment data. The heat transfer increase values calculated with the predictive heat 

transfer increase values obtained are shown in Figure 10. 

 

Figure 10. Experimental and predictive %Qh values 

Among the %Qh values estimated in Figure 10, the increase values modeled with SVM are very 

close to the %Qh calculated with experimental data.  In general, when Figure 10 is examined, it can be 

seen that the predictive values are quite close to the experimental values. This shows that suitable 

parameters and appropriate algorithms are selected for modeling heat transfer treatment. 

CONCLUSIONS 

In all the experimental studies with turbulators, heat transfer was increased by at least 15% and at 

most 41% compared to experiments without turbulator. It was observed that pressure losses increased 

at the same rate. Considering the additional pressure loss rate of the net heat gain, it is seen that the 

turbulator with frequent bends in turbulators gives the best results. In all turbulators, including the 
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frequently curved turbulator with the best heat transfer, the decreases in pressure loss as well as the 

thermal gain are seen to be small. According to the error analysis results of MAE (0.0439) and RMSE 

(0.0486) for the heat gain values, it can be said that the SVM algorithm makes a more successful 

prediction. More data can be obtained by using different types of turbulators and more successful 

predictive models can be created by using different computational intelligence methods. 
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