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Internal combustion systems, such as 5 KVA generators, convert only 

part of fossil fuel energy into useful work, while the remaining energy is 

released as waste heat through exhaust gas, cooling systems, and 

mechanical losses. This study aims to improve the thermal performance 

of a double-pipe heat exchanger using a twisted turbulator by varying 

the pitch-to-diameter ratio, p/d, from 0.8 to 3.9. The experiment was 

conducted at the Thermodynamics and Heat Transfer Laboratory, 

Faculty of Engineering, Pattimura University, using five p/d variations, 

namely 0.8, 1.6, 2.4, 3.2, and 3.9. The operating conditions were 

maintained constant, with a hot fluid inlet temperature of 523.2 K, a cold 

fluid inlet temperature of 308.2 K, a cold fluid velocity of 1.0 m/s, and a 

hot fluid velocity of 5.0 m/s. The main components included a copper 

tube bank, steel pipe casing, thermocouples, flowmeter, pipe system, and 

valves. The performance parameters were evaluated using Reynolds 

number, Prandtl number, friction factor, Nusselt number, overall heat 

transfer coefficient, actual heat transfer rate, maximum heat transfer rate, 

and effectiveness. The results show that the best performance was 

obtained at p/d = 0.8, producing a cold fluid outlet temperature of 425.84 

K, Nusselt number of 7.569, overall heat transfer coefficient of 0.2029 

W/m²·K, and effectiveness of 39.95%. The lower p/d ratio enhanced 

swirl flow, turbulence intensity, fluid mixing, and thermal boundary 

layer disruption. Therefore, p/d = 0.8 is recommended for improving the 

tested heat exchanger performance in small-scale waste heat recovery 

applications under laboratory operating conditions and design. 
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1. Introduction 

Heat exchangers function to transfer thermal 

energy between two or more fluids separated by a 

solid material. In fossil-fueled internal combustion 

systems, effective thermal efficiency only reaches 

around 25–35%, with the remainder being lost as 

waste heat through exhaust gases, cooling systems, 

and friction. Waste heat recovery is therefore an 

important strategy to increase energy efficiency 

and reduce energy losses in thermal systems. The 

United States Department of Energy states that 

20–50% of industrial energy input is lost as waste 

heat, which, if utilized, could reduce dependence 

on fossil fuels and reduce environmental impact. 

This is in line with the explanation of Jouhara et 

al. (2018), who stated that waste heat recovery 

technologies have significant potential to improve 

energy efficiency in industrial and combustion 

systems. 

Waste heat from internal combustion engines 

such as 5 KVA generators is often underutilized, 

resulting in overall energy inefficiency. Various 

heat exchanger models have been developed for 

heat recovery applications, including H-fin tube 

heat exchangers, spiral heat exchangers, shell-

and-tube heat exchangers, tube-bank heat 

exchangers, and inner turbulator types. Previous 

studies have shown that heat recovery from 

internal combustion engines can support energy 

efficiency and sustainable energy utilization 

(Digdoyo et al., 2021; Douadi et al., 2022). Waste 

heat can also be applied for practical thermal 

processes, such as drying and preheating, as 

demonstrated by Masud et al. (2020). 

The main problem in conventional double-

pipe heat exchangers is the low convective heat 

transfer rate, which limits the effectiveness of 

waste heat recovery from flue gases. This 

limitation is often caused by weak mixing, stable 

boundary layer formation, and limited heat 

transfer area. To overcome this problem, several 

geometric modifications and passive enhancement 

techniques have been investigated. El Maakoul et 

al. (2020) reported that surface interruptions in 

double-pipe heat exchangers can improve thermal 

performance. Luo and Song (2021) also showed 

that a twisted annulus in a double-tube heat 

exchanger can enhance heat transfer through 

stronger flow disturbance and better fluid mixing. 

 

One of the passive heat transfer enhancement 

methods is the use of a twisted turbulator. A twisted 

turbulator can increase flow turbulence, create swirl 

flow, disturb the thermal boundary layer, and improve 

convective heat transfer. The performance of a twisted 

turbulator is strongly influenced by its geometric 

characteristics, especially the pitch-to-diameter ratio, 

p/d. A smaller p/d ratio generally produces stronger 

swirl intensity and better thermal mixing, while a larger 

p/d ratio produces weaker disturbance. Recent studies 

have also shown that turbulator geometry has a 

significant effect on the hydrothermal performance of 

counter-flow double-tube heat exchangers (Tavousi et 

al., 2024). 

Variations in the pitch-to-diameter ratio of twisted 

turbulators have not been widely explored specifically 

for double-pipe heat exchanger configurations 

connected to small-scale generator exhaust systems. 

Although previous studies have investigated several 

forms of heat exchanger enhancement, limited 

experimental data are available on the effect of p/d 

variation in a double-pipe heat exchanger for 5 KVA 

generator waste heat recovery. This creates a research 

gap, especially in determining the most effective p/d 

configuration for improving outlet temperature, 

Nusselt number, overall heat transfer coefficient, and 

effectiveness. 

This study designs and tests a double-pipe heat 

exchanger with twisted turbulators on a copper tube 

bank and steel casing. The p/d ratio is varied from 0.8 

to 3.9 to optimize the thermal performance of a 5 KVA 

generator set. The main objectives are to measure the 

effect of p/d on cold fluid outlet temperature, Nusselt 

number, overall heat transfer coefficient, actual heat 

transfer rate, maximum heat transfer rate, and heat 

exchanger effectiveness, while comparing the 

performance with a configuration without a turbulator. 

The novelty of this study lies in the application of 

twisted turbulator p/d variation to a local 5 KVA 

generator set with a double-pipe heat exchanger 

configuration. The results are expected to support the 

development of simple waste heat recovery systems for 

small-scale industrial and local power generation 

applications. 

 

2. Literature Review 

 Waste heat recovery is an important topic in 

mechanical engineering because many thermal systems 

release a large amount of unused energy to the 

environment. Jouhara et al. (2018) reviewed waste heat 

recovery technologies and applications and emphasized 
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that unused thermal energy can be recovered to 

improve energy efficiency. Douadi et al. (2022) 

also explained that engine waste heat recovery 

requires proper heat exchanger selection, working 

fluid consideration, and system configuration to 

obtain useful thermal energy.  

 Internal combustion engine exhaust gases are 

among the most important sources of waste heat. 

Digdoyo et al. (2021) reviewed the utilization of 

internal combustion engine waste heat and stated 

that exhaust gas recovery can be used as part of 

sustainable energy development. In practical 

applications, recovered waste heat can be used for 

drying and heating processes. Masud et al. (2020) 

experimentally investigated a waste-heat-based 

food drying system and showed that waste heat 

can be converted into useful thermal energy. 

 Double-pipe heat exchangers are commonly 

used in laboratory-scale and small-scale thermal 

systems because they are simple, compact, and 

easy to fabricate. The counter-flow arrangement is 

generally preferred because it can provide better 

temperature distribution and heat transfer 

performance compared with parallel flow. El 

Maakoul et al. (2020) studied performance 

enhancement in finned annulus double-pipe heat 

exchangers using surface interruptions and found 

that geometric modification can improve thermal 

performance. Luo and Song (2021) investigated a 

double-tube heat exchanger with a novel twisted 

annulus and reported that twisted geometry can 

improve thermal performance by increasing flow 

disturbance. 

 Several heat exchanger designs have been 

developed for waste heat recovery applications. 

Fetuga et al. (2023) conducted a numerical 

analysis of waste heat recovery shell-and-tube 

heat exchangers with different tube configurations 

under counter-flow conditions. Their findings 

showed that tube arrangement and flow 

configuration significantly affect heat transfer 

performance. Tang et al. (2022) investigated 

thermal-hydraulic characteristics in a finned tube 

heat exchanger for flue gas waste heat recovery 

and showed that geometric modification can 

enhance heat transfer but must be balanced with 

flow resistance. 

 Spiral heat exchangers and other compact 

heat exchangers have also been studied for waste 

heat recovery applications. Mokhtar et al. (2023) 

experimentally characterized a spiral heat 

exchanger for wastewater heat recovery and showed 

that heat exchanger geometry strongly affects recovery 

performance. Although the working fluid and heat 

source differ from generator exhaust gas, the study 

confirms the importance of selecting appropriate heat 

exchanger geometry for low-grade heat recovery. 

 Passive heat transfer enhancement is widely used 

because it can improve heat transfer without requiring 

complex additional systems. Twisted tapes, turbulators, 

fins, and surface interruptions are examples of passive 

enhancement devices. Tavousi et al. (2024) 

investigated novel turbulators in a counter-flow double-

tube heat exchanger using nanofluids and found that 

turbulator configuration can significantly influence 

hydrothermal performance. Salameh et al. (2023) also 

showed that the thermal performance of concentric 

counter-flow tube heat exchangers can be improved by 

using different nanofluids, indicating that both 

geometry and working fluid properties influence heat 

transfer enhancement. 

 The Nusselt number, overall heat transfer 

coefficient, actual heat transfer rate, maximum heat 

transfer rate, and effectiveness are commonly used 

parameters to evaluate heat exchanger performance. In 

turbulator-based systems, a higher Nusselt number 

generally indicates better convective heat transfer. 

However, heat transfer enhancement should not only be 

evaluated from thermal performance but also from 

hydraulic characteristics, such as pressure drop and 

friction factor. This is important because stronger 

turbulence may increase heat transfer but may also 

increase pumping power requirements. 

 From the reviewed literature, it can be concluded 

that heat exchanger geometry, flow configuration, and 

passive enhancement devices significantly affect 

thermal performance. However, the specific effect of 

twisted turbulator p/d variation in a counter-flow 

double-pipe heat exchanger using a 5 KVA generator 

exhaust source has not been sufficiently discussed. 

Therefore, this study contributes experimental data on 

five p/d variations and evaluates their effects on 

temperature, Nusselt number, overall heat transfer 

coefficient, heat transfer rate, and effectiveness. 

 
3. Research Methodology 

3.1 Research Design 

  This research is quantitative research with an 

experimental approach to test the thermal performance 

of a double-pipe heat exchanger equipped with a 

twisted turbulator on a 5 KVA generator set. This type 

of research emphasizes direct testing through variations 
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in the pitch-to-diameter ratio, p/d, from 0.8 to 3.9 

to measure total heat transfer rate, cold fluid outlet 

temperature, Nusselt number, overall heat transfer 

coefficient, and effectiveness. The experimental 

approach is suitable for obtaining empirical data 

from engineering devices under controlled 

conditions, as supported by general experimental 

research principles (Sugiyono, 2021; Creswell & 

Creswell, 2023). 

The independent variable in this study is 

the pitch-to-diameter ratio, p/d, of the twisted 

turbulator. The tested p/d ratios are 0.8, 1.6, 2.4, 

3.2, and 3.9. The dependent variables include cold 

fluid outlet temperature, hot fluid outlet 

temperature, Nusselt number, overall heat transfer 

coefficient, actual heat transfer rate, maximum 

heat transfer rate, and heat exchanger 

effectiveness. The controlled variables include hot 

fluid inlet temperature, cold fluid inlet temperature, 

hot fluid velocity, cold fluid velocity, heat 

exchanger length, pipe material, and counter-flow 

arrangement. 

 

3.2 Experimental Setup 

The experimental setup consisted of a 5 

KVA generator set, a double-pipe heat exchanger, 

a twisted turbulator, thermocouples, flowmeters, 

connecting pipes, valves, and supporting 

instruments. The hot fluid was exhaust gas from 

the generator, while the cold fluid flowed through 

the heat exchanger as the receiving fluid. The 

system was arranged in a counter-flow 

configuration to increase the mean temperature 

difference between the hot and cold fluids. 

 

The heat exchanger consisted of a copper 

tube bank and a steel pipe casing. Copper was 

selected because of its high thermal conductivity, 

while steel was used as the outer casing due to its 

mechanical strength and availability. The twisted 

turbulator was inserted inside the heat exchanger 

flow passage to increase swirl flow and turbulence 

intensity. The p/d ratio was defined as the ratio 

between the turbulator pitch, p, and the turbulator 

diameter or characteristic tube diameter, d. The 

p/d values tested in this study were 0.8, 1.6, 2.4, 

3.2, and 3.9. 

 

The hot fluid inlet temperature was 

maintained at 523.2 K, and the cold fluid inlet 

temperature was maintained at 308.2 K based on 

the measured experimental data. The cold fluid velocity 

was set at 1.0 m/s, while the hot fluid velocity was set 

at 5.0 m/s. Temperature measurements were taken at 

the inlet and outlet of both hot and cold sides. The 

experiment was conducted at the Thermodynamics and 

Heat Transfer Laboratory, Faculty of Engineering, 

Pattimura University, starting in June 2024. The 

experimental design and data collection followed 

systematic research procedures for engineering 

experiments (Emzir, 2022; Sudaryono, 2021). 

 

3.3 Experimental Procedure 

  The experimental procedure was carried out in 

several stages. First, the heat exchanger system, 

generator, pipes, valves, thermocouples, and 

flowmeters were inspected to ensure that the system 

was ready for operation. Second, the measuring 

instruments were checked and calibrated to reduce 

measurement errors. Third, the 5 KVA generator was 

operated until the exhaust gas temperature reached 

stable conditions. Fourth, the cold fluid was circulated 

through the heat exchanger at a constant velocity of 1.0 

m/s. Fifth, the twisted turbulator was installed with a 

selected p/d ratio, and the system was operated until 

steady-state conditions were reached. 

After stable conditions were achieved, 

temperature and velocity data were recorded. The same 

procedure was repeated for each p/d ratio. The results 

were then processed to calculate the heat transfer 

parameters. The data were also compared with the heat 

exchanger configuration without a turbulator to 

evaluate the effect of the twisted turbulator on 

effectiveness. To improve data reliability, each test 

condition should be repeated, and the average values 

should be used for analysis. Instrument uncertainty and 

measurement error should also be considered in future 

testing to strengthen the validity of the results. 

 

3.4 Data Reductiom 

Data analysis techniques involve calculating the 

Reynolds number, Prandtl number, friction factor, 

Nusselt number, overall heat transfer coefficient, actual 

heat transfer rate, maximum heat transfer rate, and 

effectiveness. These parameters are commonly used in 

heat exchanger performance analysis and have also 

been applied in previous studies on double-pipe heat 

exchangers and waste heat recovery systems (El 

Maakoul et al., 2020; Fetuga et al., 2023; Tavousi et al., 

2024). 

The Reynolds number is calculated using: 
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𝑅𝑒 =
𝜌𝑉𝐷

𝜇
 

  

where Re is the Reynolds number, ρ is fluid 

density, V is fluid velocity, D is hydraulic 

diameter, and μ is dynamic viscosity. 

 

The Prandtl number is calculated using:. 

 

𝑃𝑟 =
𝜇𝐶𝑝

𝑘
 

 

where Pr is the Prandtl number, Cp is specific heat, 

and k is thermal conductivity. 

 

The Nusselt number is calculated using: 

 

𝑁𝑢 =
ℎ𝐷

𝑘
 

 

where Nu is the Nusselt number and h is the 

convective heat transfer coefficient. 

 

The overall heat transfer coefficient is calculated 

using the thermal resistance concept: 

 
 

where U is the overall heat transfer coefficient, hh 

is the hot-side heat transfer coefficient, hc is the 

cold-side heat transfer coefficient, Δx is wall 

thickness, and kw is wall thermal conductivity. 

The logarithmic mean temperature difference for 

counter-flow arrangement is calculated using: 

 
where: 

 
where Qactual is the actual heat transfer rate and Ais 

the heat transfer area. 

The maximum heat transfer rate is calculated 

using: 

 
where Qmax is the maximum heat transfer rate and Cmin 

is the minimum heat capacity rate. 

The heat exchanger effectiveness is calculated using: 

 
where ε is the heat exchanger effectiveness. 

 

4. Results and Discussion 

4.1 Inlet and Outlet Fluid Temperature 

The inlet and outlet fluid temperature data 

obtained from the test results on variations in the pitch-

to-diameter ratio, p/d, are presented in Table 1. These 

data are the results of direct measurements during the 

heat exchanger testing process with variations in 

turbulator configurations. 

 

Table 1. Experimental Measurement Data for Each p/d 

Variation 
p/d Th,i 

(K) 

Tc,i 

(K) 

Vc,i 

(m/s) 

Vh,i 

(m/s) 

Th,o 

(K) 

Tc,o 

(K) 

0.8 523.2 308.2 1.0 5.0 361.99 425.84 

1.6 523.2 308.2 1.0 5.0 366.06 411.38 

2.4 523.2 308.2 1.0 5.0 369.21 405.68 

3.2 523.2 308.2 1.0 5.0 371.00 404.50 

3.9 523.2 308.2 1.0 5.0 371.94 403.22 

 

The relationship between the p/d ratio and the fluid 

outlet temperature shows that the cold fluid outlet 

temperature decreases as the p/d ratio increases. The 

highest cold fluid outlet temperature was obtained at 

p/d = 0.8, with a value of 425.84 K. Meanwhile, the 

lowest cold fluid outlet temperature was obtained at p/d 

= 3.9, with a value of 403.22 K. 

 

 
Figure 1. Graph of the effect of p/d on temperature 

output data 
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This result indicates that a smaller p/d ratio 

improves heat transfer between the hot and cold 

fluids. At p/d = 0.8, the twist pitch is more 

compact, causing stronger swirl flow and more 

intensive mixing. The stronger mixing reduces the 

thermal boundary layer thickness and increases 

the temperature gradient between the fluid and the 

heat transfer surface. This mechanism is 

consistent with Luo and Song (2021), who 

reported that twisted geometry improves heat 

transfer through flow disturbance, and Tavousi et 

al. (2024), who found that turbulator configuration 

influences hydrothermal performance in counter-

flow double-tube heat exchangers. 

The hot fluid outlet temperature also supports 

this trend. At p/d = 0.8, the hot fluid outlet 

temperature was 361.99 K, which is lower than the 

values obtained at larger p/d ratios. A lower hot 

fluid outlet temperature indicates that more heat 

was transferred from the hot fluid to the cold fluid. 

Therefore, the temperature data confirm that p/d = 

0.8 provides the most effective heat transfer 

condition among the tested configurations. 

 

4.2 Heat Transfer Characteristics Based on 

Nusselt Number 

The Nusselt number values obtained from 

the calculation results for each p/d variation are 

presented in Table 2. These values were obtained 

by processing temperature data and fluid flow 

parameters on the hot side of the heat exchanger. 

 

Table 2. Results of Nusselt Number Calculations 

on the Hot Side 
p/d Reh Prh fh Nuh 

0.8 11718.5 0.0007405 0.00533459 7.569 

1.6 9202.8 0.0007395 0.00379019 4.825 

2.4 8711.1 0.0007388 0.00298491 3.895 

3.2 8441.9 0.0007384 0.00251106 3.361 

3.9 8383.3 0.0007382 0.00217885 3.027 

 

The results show that the Nusselt number 

decreases as p/d increases. The highest Nusselt 

number was obtained at p/d = 0.8, with a value of 

7.569, while the lowest value was obtained at p/d 

= 3.9, with a value of 3.027. This trend indicates 

that a smaller p/d ratio produces better convective 

heat transfer. 

 

 
Figure 2. Graph of the effect of p/d on the Nusselt 

number 

The increase in Nusselt number at p/d = 0.8 is 

caused by stronger swirl flow and higher turbulence 

intensity. The twisted turbulator forces the flow to 

rotate and creates secondary flow, which increases fluid 

mixing and reduces thermal resistance near the wall. As 

a result, the convective heat transfer coefficient 

increases. This finding is in line with El Maakoul et al. 

(2020), who showed that geometric modification can 

improve heat transfer performance, and Tavousi et al. 

(2024), who showed that turbulator configuration 

affects hydrothermal behavior. 

The Reynolds number also decreases as p/d 

increases. This shows that the flow characteristics are 

influenced by turbulator geometry. A smaller p/d ratio 

creates stronger disturbance and increases interaction 

between the fluid and the heat transfer surface. 

However, the Prandtl number values in Table 2 are 

relatively small and should be carefully verified using 

accurate fluid properties and correct units. This 

verification is important to improve the technical 

quality of the calculation. 

 

4.3 Overall Heat Transfer Coefficient 

The overall heat transfer coefficient values 

obtained from the calculation results for each p/d 

variation are presented in Table 3. These values are 

calculated based on the heat transfer parameters on the 

hot side and cold side of the heat exchanger. 

 

Table 3. Results of Overall Heat Transfer Coefficient 

Calculation 
p/d L 

(m) 

λw or kw 

(W/m·K) 

hh 

(W/m²·K) 

hc 

(W/m²·K) 

U 

(W/m²·K) 

0.8 2.0 387 8.429 0.032 0.2029 

1.6 2.0 387 5.295 0.032 0.1966 

2.4 2.0 387 4.227 0.031 0.1940 

3.2 2.0 387 3.624 0.031 0.1933 

3.9 2.0 387 3.254 0.031 0.1926 

 



372 

  

JOURNAL OF ENGINEERING SCIENCE AND TECHNOLOGY MANAGEMENT 
Volume 6 Issue 1, ISSN  2828 -7886 

The highest overall heat transfer 

coefficient was obtained at p/d = 0.8, with a value 

of 0.2029 W/m²·K. The value then decreased 

slightly as p/d increased, reaching 0.1926 W/m²·K 

at p/d = 3.9. This result confirms that a smaller p/d 

ratio improves the overall heat transfer process. 

 

 
Figure 3. Graph of the effect of p/d on the 

overall heat transfer coefficient 

The increase in U at p/d = 0.8 is related to 

the higher hot-side heat transfer coefficient 

generated by stronger turbulence. However, the 

change in U is relatively small compared with the 

change in Nusselt number. This may indicate that 

the total heat transfer process is affected not only 

by hot-side convection but also by other thermal 

resistances, such as cold-side convection and wall 

conduction. Since copper has high thermal 

conductivity, the wall resistance is expected to be 

relatively small. Therefore, convective resistance 

may dominate the overall heat transfer process. 

The unit notation in this table has been 

corrected to W/m·K for thermal conductivity and 

W/m²·K for heat transfer coefficients. This 

correction is important because incorrect unit 

notation can lead to misinterpretation of the results. 

 

4.4  Actual and Maximum Heat Transfer 

The actual heat transfer and maximum heat 

transfer values obtained from the calculation 

results for each p/d variation are presented in 

Table 4 and Table 5. These values are calculated 

based on fluid temperature data and heat transfer 

parameters obtained during the testing process. 

 

 

 

 

Table 4. Calculation Results for Actual Heat Transfer 

p/d U (W/m²·K) A (m²) ΔTlm (K) Qactual (W) 

0.8 0.2029 0.1595 40.964 1.326 

1.6 0.1966 0.1595 51.063 1.601 

2.4 0.1940 0.1595 55.600 1.720 

3.2 0.1933 0.1595 57.070 1.760 

3.9 0.1926 0.1595 58.194 1.788 

 

The results show that Qactual increases as p/d 

increases. At p/d = 0.8, Qactual was 1.326 W, while at 

p/d = 3.9, Qactual increased to 1.788 W. This trend is 

influenced by the increase in logarithmic mean 

temperature difference at higher p/d ratios. Although 

the overall heat transfer coefficient was highest at p/d = 

0.8, the ΔTlm value at this condition was lower than 

that of larger p/d ratios. 

 

Table 5. Calculation Results for Maximum Heat 

Transfer 
p/d ṁ (kg/s) Cp (kJ/kg·K) ΔT (K) Qmax (W) 

0.8 0.115 0.949 30.360 3.319 

1.6 0.119 0.945 44.820 5.045 

2.4 0.121 0.944 50.520 5.751 

3.2 0.121 0.943 51.700 5.899 

3.9 0.121 0.943 52.980 6.060 

The maximum heat transfer also increases as p/d 

increases. This increase is mainly influenced by 

changes in the temperature difference used in the Qmax 

calculation. Since heat exchanger effectiveness is 

calculated from the ratio between Qactual and Qmax, 

the increase in Qactual does not automatically result in 

higher effectiveness if Qmax increases more 

significantly. 

The unit of Cp has been written as kJ/kg·K to 

avoid confusion. If Cp is calculated in J/kg·K, the 

values should be rechecked. Consistent unit notation is 

necessary to ensure accurate interpretation of the heat 

transfer calculation. 

 

 
Figure 4. Graph of the effect of p/d on actual heat t

ransfer 
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Figure 5. Graph of the effect of p/d on 

maximum heat transfer 

 

The relationship between the p/d ratio to the 

actual heat transfer and maximum heat transfer is 

shown in Figure 4. and Figure 5. The graph shows 

the change in heat transfer value at each p/d 

variation, which illustrates the effect of variations 

in turbulator configuration on the heat transfer 

performance of the heat exchanger. 

 

4.5  Heat Exchanger Effectiveness 

Heat exchanger effectiveness describes the 

ratio between actual heat transfer and the 

maximum possible heat transfer. The 

effectiveness values for different p/d ratios are 

shown in Table 6. 

 

Table 6. Heat Exchanger Effectiveness 

Calculation Results 
p/d Qactual 

(W) 

Qmax 

(W) 

Effectiveness 

(%) 

0.8 1.326 3.319 39.95 

1.6 1.601 5.045 31.74 

2.4 1.720 5.751 29.92 

3.2 1.760 5.899 29.83 

3.9 1.788 6.060 29.50 

 

The highest effectiveness was obtained at 

p/d = 0.8, with a value of 39.95%. The 

effectiveness decreased to 31.74% at p/d = 1.6 and 

continued decreasing until it reached 29.50% at 

p/d = 3.9. These results show that the lowest p/d 

ratio provided the most effective heat exchanger 

performance. 

 

 
Figure 6. Graph of the effect of p/d on effectiveness 

 

The higher effectiveness at p/d = 0.8 is caused by 

the stronger swirl flow and higher turbulence intensity 

generated by the twisted turbulator. The compact pitch 

increases the interaction between the fluid and the heat 

transfer surface, enhances mixing, and reduces the 

thermal boundary layer thickness. These mechanisms 

improve the heat transfer process from the hot fluid to 

the cold fluid. 

Although Qactual increases at larger p/d ratios, 

effectiveness decreases because Qmax increases more 

significantly. This explains why p/d = 0.8 still gives the 

best effectiveness even though its Qactual value is 

lower than those of larger p/d ratios. This finding 

supports the use of a smaller p/d ratio for improving the 

effectiveness of the tested heat exchanger configuration. 

 

4.6 Comparison Between Twisted Turbulator and 

No-Turbulator Configuration 

The comparison of heat exchanger performance 

between the use of a twisted turbulator and without a 

turbulator is important to evaluate the effect of the 

turbulator on heat transfer performance. Based on the 

comparison results, the use of a twisted turbulator 

produces higher effectiveness compared with the heat 

exchanger without a turbulator under the same test 

conditions. 

Figure 7. Comparison of the effectiveness of a 

twisted turbulator and without a turbulator 
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The increase in effectiveness indicates that 

the twisted turbulator can improve turbulence and 

fluid mixing inside the heat exchanger. Without a 

turbulator, the flow tends to be more stable, and 

the thermal boundary layer is more difficult to 

disrupt. With a twisted turbulator, the flow 

becomes more disturbed and rotational, increasing 

the heat transfer intensity. 

However, the no-turbulator data should be 

presented more clearly in numerical form, not only 

through a graph. A comparison table should 

include the values of outlet temperature, Nusselt 

number, overall heat transfer coefficient, Qactual, 

Qmax, and effectiveness for the no-turbulator 

configuration. This will allow the percentage 

improvement caused by the twisted turbulator to 

be calculated more accurately. 

In addition, pressure drop should be 

considered in future studies. A smaller p/d ratio 

may improve heat transfer but may also increase 

flow  

 

5. Conclusion 

This study shows that variations in the pitch-

to-diameter ratio, p/d, of a twisted turbulator 

significantly affect the thermal performance of a 

double-pipe heat exchanger. The tested p/d ratios 

were 0.8, 1.6, 2.4, 3.2, and 3.9. The results show 

that the lowest p/d ratio produces the best heat 

exchanger effectiveness. 

The optimum configuration was obtained at 

p/d = 0.8, with a cold fluid outlet temperature of 

425.84 K, hot fluid outlet temperature of 361.99 K, 

Nusselt number of 7.569, overall heat transfer 

coefficient of 0.2029 W/m²·K, and effectiveness 

of 39.95%. This improvement confirms the role of 

the twisted turbulator in enhancing swirl flow, 

turbulence intensity, fluid mixing, and convective 

heat transfer. 

The effectiveness decreases as p/d increases. 

At p/d = 3.9, the effectiveness decreased to 

29.50%. This indicates that a larger p/d ratio 

produces weaker flow disturbance and lower 

thermal effectiveness. Therefore, p/d = 0.8 is 

recommended as the most effective configuration 

for the tested double-pipe heat exchanger system. 

The practical implication of this study is the 

potential use of a twisted turbulator double-pipe 

heat exchanger for small-scale waste heat 

recovery applications, especially in local 

generator systems. However, the study is limited 

to laboratory testing under constant temperature and 

flow rate conditions. The effects of real generator load 

fluctuations, long-term material degradation, heat loss, 

corrosion, and pressure drop were not fully investigated. 

Future research should include uncertainty 

analysis, pressure drop measurement, CFD simulation, 

and field testing on continuously operating generators. 

Further studies may also investigate the use of 

nanofluids or other working fluids to improve heat 

transfer performance, as suggested by Salameh et al. 

(2023) and Tavousi et al. (2024). 
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