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Abstract 

 

Heat exchangers with high thermal performance are required for industrial applications. Using heat transfer 

methodology in conjunction with simple design changes and assembly functions of heat exchangers could be an 

effective way to accomplish this. An experimental analysis was performed in this study to improve the heat transfer 

performance of a double pipe heat exchanger by implanting a flat strip spring turbulator (FST) within the heat 

exchanger's inner tube. The experimental investigation of the Double pipe heat exchanger in conjunction with three 

sets of FST turbulators (pitch: 15 cm, 10 cm, and 5 cm) for turbulent flow (Re 9000-38000) was carried out. The 

Nusselt number, friction factor ratio, and thermal performance factor of heat exchangers with FST at various pitches 

are found to be between 60 and 170, 1.44 and 1.76, and 0.94 and 1.06, respectively. The highest heat transfer achieved 

by using a flat spring turbulator is 20% for a pitch value of 5cm. In comparison to other sets of FST, a double pipe 

heat exchanger with FST pitch value of 10 cm has greater thermohydraulic performance. When compared to previous 

research, the experimental results obtained from this work at higher Reynolds numbers the friction factor are within a 

well-accepted range. 

 

Keywords: Heat exchanger; spring turbulator; thermal performance factor; heat transfer coefficient; Wilson plot. 

1. Introduction 

The heat exchanger allows heat to be transferred from the 

hotter fluid to the cooler fluid. There are essentially two 

types of categories: direct and indirect. In comparison to 

direct heat exchangers, indirect heat exchangers are more 

commonly used in industries since they eliminate fluid 

mixing during operation. In the current context, designing a 

heat exchanger is not an easy task because it still has scale 

and fluid flow rate constraints depending on the application. 

To obtain high heat transferability in heat exchangers, more 

attention on size reduction is required. The numerous 

techniques used in the heat exchanger to improve the rate of 

heat transfer [1]–[4], can be categorized as active, passive, 

and combined techniques (Fig. 1). Mechanical aids, 

injection, suction, electrostatic fields, and surface and fluid 

vibration all demand more power (external power) than the 

power used to run the heat exchanger. In contrast, in passive 

approaches, specially engineered geometries or turbulent 

circulation generators or turbulators are employed to impede 

the fluid flow with the purpose of enhancing heat transfer 

without the use of an external (additional) power source [5]. 

Multiple heat transfer improvement approaches, such as the 

use of twisted strips and tapes, coil or helical wire, polished 

surfaces, rough surfaces, stretched surfaces, perforated 

conical rings, conical springs, and so on, are included in the 

passive approach. However, the compound strategy 

combines passive and active methods to improve the thermo-

hydraulic performance of a heat exchanger. Hence, heat 

transfer enhancement in a heat exchanger can also be 

procured by creating turbulence in the fluid flow and at last, 

considering this concept as a motivation for literature. 

Therefore, the literature study was carried out to investigate 

how much higher the heat transfer rate in the heat exchanger 

with turbulators can be achieved. For the improvement in 

heat transfer rate with a full width twisted tape under laminar 

flow and steady wall temperature condition, Dasmahapatra 

& Rao [6] utilizes a viscous non-Newtonian fluid. Al-Fahed 

& Chakroun [7] experimentally investigated the heat transfer 

enhancement in a fully developed turbulent flow with a tube-

tape clearance under constant heat flux condition. Whereas, 

an experimental study on twisted tape turbulator in a 

horizontal tube under viscous flow conditions were carried 

out by Manglik & Bergles [8]. Zamankhan [9] studied an 

improvement in the heat transfer rate in a heat exchanger 

with a helical metal wire turbulator using a glycol-water 

solution as a working fluid with varying concentrations. The 

3D mathematical model, also developed for the confirmation 

of experimental data and the comparison of numerical 

findings with experimental results, concluded that actual 

system behaviors could be predicted by the LES model. [10] 

investigate conical spring turbulators in different 

configurations (convergent, divergent, and convergent-

divergent conical rings CR, DR, and CDR) at different cone 

angles of 30°, 45°, 60° in a concentric double pipe heat 
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Figure 1. Techniques for heat transfer enhancement (HTET). 

 

exchanger at different Reynolds number (10000-34000). 

Yadav et al. [11], [12] designed and fabricated a trio tube 

heat exchanger setup which has the better heat transfer 

capability and also compact in size. This heat exchanger 

requires ≈ 58% smaller in pipe length for the same amount 

of heat transfer as of double pipe heat exchanger. 

Sheikholeslami et al. [13]–[15] conducted an experimental 

investigation on a double pipe air to water heat exchanger 

with discontinuous helical turbulators (typical plane and 

perforated) at different Reynolds numbers, pitch and open 

area ratio for estimating the behaviour of heat transfer and 

pressure drop. For finding the optimal design of heat 

exchanger, Non-dominated Sorting Genetic Algorithm II 

(NSGA II) is used for having high efficiency and ANSYS 

FLUENT14 for better numerical simulation.  

Later on, in the same scenario, the investigation was 

conducted typical and perforated circular-ring (TCR and 

PCR) turbulators. Nanan et.al. [16] carried out a comparative 

investigation in a heat exchanger between different 

turbulators designs: twisted and straight cross-baffles, 

twisted-baffles, alternate twisted and straight alternate-

baffles and last one is straight baffles and with different pitch 

ratios (P/D = 1 to 2) and Reynolds number (6000 to 20000). 

For better comparison, a numerical simulation also is done 

with all types of turbulator for a better understanding of heat 

transfer enhancement and friction factor. Mashoofi et. al. 

[17] investigated tube in tube helically coil (TTHC) heat 

exchange with and without helical wire turbulator in four 

ways: TTHC heat exchanger a) with turbulator inside the 

inner tube b) with turbulator inside the annulus c) with 

turbulator inside both tube d) without turbulator, for 

evaluating the effect on heat transfer and frictional factor. 

The use of turbulator only in the annulus (containing hot 

water) and turbulator only in an inner tube (containing air) 

enhance the airside Nusselt number by 8-32% and 52-82%, 

respectively. Later, a helical wire turbulator (only inside the 

tube) in the shell and tube helically coiled heat exchanger 

was investigated by Panahi et al. [18]. Sandeep et al. [19] 

experimentally and numerically investigated a novel 

turbulator (aluminum small plate placed in the cross-type 

arrangement) act as airflow divider at a different pitch to tube 

diameter ratios varying from 0.54 to 1.09 at a 90° angle of 

twist. For evaluating the Nusselt number enhancement at a 

different angle of twist (45° and 30°), a CFD simulation was 

conducted and find out 1.33 to 1.46 times and 1.43 to 1.60 

times of enhancement at 45° and 30°, respectively. 

Khorasani et al. [20] investigated the effect of a spiral wire 

turbulator with four different-different spring pitches and 

wire diameter in a helical tube with constant heat flux. 

Further, each arrangement was conducted for five types of 

flow rates of water. It is found that, with the increase in 

spring pitch and wire diameter of the spiral wire turbulator, 

Nusselt number also increases up to 70% and 73% 

respectively. Zohiret. al. [21] utilize a coiled wire turbulator 

upon the outer surface of the inner tube of double pipe heat 

exchanger and achieve convective heat transfer coefficient 

enhancement of 400% and 450% in parallel (same direction) 

and counterflow (opposite direction) respectively. Budaket. 

al. [22] numerically analyzes the four geometries of 

turbulators in concentric pipe heat exchanger located inside 

the inner pipe and considering both parallel flow and counter 

flow condition at different flow rates. Also, formed an 

ANSYS 12.0 fluent program code to analyses pressure and 

thermal characteristics. Kumar et. al. [23] included the effect 

of perforation index (PI = 8% to 24%) and found, 4 and 1.47 

times of heat transfer enhancement at PI=8% & d/D=0.6 and 

PI=24% & d/D=0.8 condition, respectively when compared 

with the plain tube. Singh et. al. [24] experimentally 

investigated circular solid ring turbulator with multiple 

twisted tape arrangements inside the core. Later, Kumar et 

al.[25] utilized both solid and perforated circular-ring 

turbulator with twisted tape for investigation. Results 

revealed improvement in both, heat transfer and thermal 

performance factor over the smooth pipe in a range of around 

2.2-3.54 and 1.18- 1.64 times, respectively. Whereas, Dattet. 

al.  [26] investigated a solid circular ring turbulator with a 

number (ranges 1 to 4) of square wing twisted tape. Akpinar 

[27] experimentally studied the effect of helical spring 

turbulator inside the inner pipe of a double pipe heat 

exchanger on heat transfer and friction factor. Nusselt 
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number and dimensionless exergy loss increment found to be 

2.64 and 1.16 times, respectively as compared to the heat 

exchanger not using turbulator. Maradiya et. al. [28] revealed 

that twisted tape as turbulator not performed well with air as 

compare to water as a working fluid due to large density of 

liquid. Also, in case of air heating application, ribs or 

deflector and vortex generators, whereas, in case of liquids, 

swirl producing devices are more useful in thermal 

performance factor improvement. 

According to the literature and recent review papers 

[29]–[31], passive turbulators perform better in the water 

medium than in the air medium in the double concentric pipe 

heat exchanger. In most cases, turbulators clearly increase 

the heat transfer rate to a significant level at a high Reynolds 

number. The majority of the researches concentrated on 

disturbing the fluid not only in the centre but also along the 

wall of the heat exchanger tube (where turbulators are 

inserted) in order to disturb the laminar sub-layer. The 

current study used a flat strip spring turbulator (FST) to 

alleviate the disadvantages associated with earlier 

investigations, namely the higher value of the friction factor. 

This FST design advantage of less material use and to expect 

the maximum possible increase in heat transfer at the lowest 

pressure drop. So far, no experimental work on flat metal 

strip springs has been published; this is a novel design 

consisting of circular rings, springs, and twisted tape to 

provide better distribution of fluid streams with lower 

frictional loss. This research also focuses on the employment 

of several sets of FST turbulator to obtain the best FST value 

for maximum thermohydraulic performance. 

 

2. Experimental 

2.1 Fabrication of Experimental Setup 

The theoretical analysis of the double pipe heat 

exchanger helped to develop the final size of the heat 

exchanger. Well before its mountings and attachments, the 

new apparatus underwent primary calibration. The 

construction of the experimental setup is made of mild steel 

to make the apparatus stable and sturdy. The experimental 

setup consists of housing for hot water tanks, cold and hot 

water pumps, display boards and test pipes. Two cold water 

tanks were used, one for the supply of fresh low-temperature 

cold water and the other for the storage of high-temperature 

cold water from the test section. Coldwater (at room 

temperature) and hot water (at set point 76 ±1℃) were 

allowed to flow through the annulus and inner pipe section, 

respectively, in the counter-flow direction. A schematic 

diagram of the experimental setup is shown in Fig. 2. 

The test section consists of smooth inner copper tubes of 

4432 mm length and outer (OD) and inner (ID) diameters of 

24.5 mm and 21.5 mm respectively. The tubes were brought 

in, three separate parts of 2m+2m and a bend of 0.232 m. The 

outer G.I. pipes were selected accordingly so that there 

remains an effective inside diameter sufficient enough to 

maintain adequate flow and not to alter the original flow rate 

having an outer and inner diameter of 45mm and 50 mm 

respectively. The U-bend section is made detachable by 

providing flange couplings on both ends of individual 

lengths of copper tubes. This detachable portion was utilized 

to insert a full-length FST setup (when mounted on rods) 

easily. Two rotameters (glass tube flow meter) i.e. a cold 

water side small and a hot water side large were employed, 

with a maximum range of 100 to 1500 and 100 to 2000 LPH 

(liters per hour) respectively. The cold water (at room 

temperature) is drawn from a cold water tank (capacity of 

600 liters) using a 0.5 Horsepower pump. The flow was 

controlled with the help of a bypass value to set the required 

flow rate in a small range rotameter. For a set of readings, 

mass flow rates for cold & hot water were kept equal. Both 

flow rates (cold, hot water) start from 400 LPH and end at 

1500 LPH with an increase of 100 LPH for every reading. 

Two pressure gauges (bourdon tube) were used of a range of 

0-2 kg/cm2 and a least count of 0.001kg/cm2. One was 

installed at the entry of the test section and the other just at 

the exit of the test section. Four PT100 RTDs (Resistance 

temperature detector) sensors were used for measuring the 

inlet &outlet temperatures of hot (T3, T4) & cold water (T1, 

T2). The detailed overview of the various aspects of the 

experimental setup is listed in Table 1. 

 

 
(a) 

 
(b) 

Figure 2. (a) Experimental setup, (b) Schematic of 

double pipe heat exchanger experimental setup. 

 

Table 1. A detailed description of different components of the 

experimental setup. 
Name Specification Dimension 

 

Outer G.I. pipe 

Outer Diameter 50mm 

Inner Diameter 45mm 

Length 4232mm 

 

Inner copper pipe 

Outer Diameter 24.5mm 

Inner Diameter 21.5mm 

Length 4432mm 

 

 
Flat strip spring 

insert 

Width 2.5mm 

Thickness 1mm 

Inner Diameter 21.5mm 

Length 150mm 
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2.2 Accretion Techniques Utilized in Current Work 

An overview investigation of different types of 

turbulence generation devices has been conducted in a wide 

range of Reynolds numbers. A spring turbulator perform 

better for turbulent flow with conical shape and different 

arrangements of converging, diverging and converging and 

diverging. In turbulent flow, conical converging spring 

shows lower friction factor and disturbance to boundary 

layer as compared to diverging spring in circular cross-

section pipe within range of 10,000 to 34,000  [10]. In 

contrast, the performance of helical spring tubulators inside 

the inner pipe of a double pipe heat exchanger. Nusselt 

number increases as the pitch of helical spring increases at 

higher Reynold number [27]. The perforated solid metal ring 

was tested with different open area ratio (0 to 0.0833) in the 

range of Reynolds numbers 6000 to 12,000   Additionally, it 

was noted that the friction factor decreased as the 

perforations increased in the metal ring inserts when liquids 

used as working fluid [15]. The combined performance of 

metal rings and twisted tape turbulaors with different pitch 

ratios (1 and 2) and twist ratios (2,3 and 4) was investigated 

and found higher heat transfer enhancement but at a cost of 

higher friction factors in the ranges of Reynold number from 

6000 to 24000 [24]. A triple twisted tape utilised as swirl 

flow generator inserts with four type of twist ratio (1.92 to 

6.97) under the condition of constant heat flux. As the twist 

ratio decreases, values of different parameter (Nu, friction 

factor and efficiency) increases within the range Reynold 

number of 7200 to 50,200 [32]. The performance of helical 

spring tubulators was not as good as that of conical spring 

tabulators. The perforated metal ring turbulators have close 

to half the Nusselt number values of conical spring 

turbulators. Single twisted tape turbulators are found to 

perform better in flow with a low Reynolds number as 

opposed to one with a higher Reynolds number because they 

block the flow, which results in an increased friction factor.  

Compared to the other swirl inserts, Nusselt number 

performance of metal rings and twisted tape turbulaors was 

found to be the best but with higher friction factor value. 

Hence thermohydraulic performance of twisted tape not 

better at higher values of Reynold number of turbulent flow. 

Therefore, it may be estimated that, for double pipe heat 

exchanger, flat plate turbulator perform well in the turbulent 

flow because its having all essential benefits of conical 

spring, metal rings and twisted tape.  

In current work, a double pipe heat exchanger is used as 

a standard configuration. The passive heat transfer 

enhancement technique was predictable in order to increase 

the efficiency of the current heat exchanger without affecting 

the surface area necessary for heat transfer. Flat strip spring 

turbulators as shown Fig. 3 were used as swirl generators. 

Diameter of FST was 21.4mm which was only adequately 

large enough to get fit inside the inner copper tube so that, 

once inside and after initiation of hot water flow any undue 

movement or shivering could be prohibited. FST was 

fabricated in Mohits springs Pvt. Ltd. located in Meerut Utter 

Pradesh who are specialized in the manufacturing of springs. 

The FSTs were visualized mounted simultaneously on thin 

high carbon steel at certain specific gaps known as Pitch. 

Rods of varying pitches were prepared to insert them in inner 

copper tubes. The idea behind this concept was to create an 

obstruction to hot water flow which consequently enhances 

the turbulence and swirl flow thereby augmenting the rate of 

heat transfer. 

FSTs were mounted by brazing on high carbon steel rod 

to prevent any flickering when inserted in inner copper tubes 

and with hot water flow commenced. Several pitches were 

decided in advance depending upon which the brazing was 

done. The U bend section was detached by opening the 

flange couplings, and hence, the FST of P = 15cm was 

inserted followed by 10cm and 5cm pitches. 

 

 
 

 
Figure 3. Flat spring tabulator (FST) mounted on rod having (a) 15 cm pitch, (b) 10cm Pitch, (c) 5cm Pitch. 

  

a 

b 

c 

P=15 cm 

P=10 cm 

P=5 cm 

FST 
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3. Methodology 

3.1 Problem Formulation 

During the experiments, some numerical investigations 

constraints/assumptions were taken; 

1) Flow is assumed to be steady, non-uniform and 

incompressible. 2) Neglecting the heat losses in all directions 

by maintaining isothermal condition 3) the inner side 

coefficient of thermal expansion and outer side coefficient of 

thermal contraction of the inner pipe in the concentric pipe 

of heat exchanger negates each other. 4). the inner surface of 

the pipe is assumed to be smooth. 

 

3.2 Standardization of the Heat Exchanger Set-up 

Calibration of RTD and rotameter is an important task for 

getting the idea of the accuracy of the experimental setup. 

For the calibration of RTDs, all of them were dipped (at the 

same depth) in a water tank maintained at a constant 

temperature. By taking the reference of one of the RTD (T4) 

temperature readings, other RTDs reading values (T1 to T3) 

were corrected accordingly and after taking 8 number of 

observations, calibration found to be ±1. In the case of 

rotameter calibration, initially, two buckets (25 kg each) 

were used for collecting and measuring the weight of water. 

A flow rate of the small rotameters was varied from 300 LPH 

to 700 LPH. Each observation was taken for 180 seconds and 

ound percentage in error ranging from 1.307 to 1.774. And 

three observations were done for each mass flow rate of cold 

water rotameters. Similarly, large rotameters calibration was 

done by varying its mass flow rate from 800-1200 LPH for 

the same amount of time and observed percentage in error 

ranging from 1.715 to 2.614. 

Before commencing the experimentation earthing of the 

apparatus was done. Friction factor and pressure drop 

readings were attained for the plane tube to verify the results 

with the existing standard equation for friction factor. This 

procedure was to eliminate the chances of deviation that 

could occur by repeated insertion and extraction of FSTs, 

which induce certain scratches (wall roughness) on the inner 

side of the copper tube. The readings hence obtained were 

compared with the Blasius equation to verify the plane tube 

results. This whole procedure was done at a normal 

temperature.  

 

3.3 Thermal Performance Result and Repeatability 

The complete experiment was re-conducted for thermal 

performance result and repeatability check (shown in Tables 

2,3 & 4). For calculating the equivalent Reynolds number, 

water and pumping power was kept constant. 

. 

 

Table 2. Experimental data for repeatability Heat transfer versus Re for FST having pitch 15 cm. 

�̇�cw, �̇�hw 

(Kg/s) 

T1 

(oC) 

T2 

(oC) 

T3 

(oC) 

T4 

(oC) 
Rehw 

Trail 1 Trail 2 

%diff NuExp NuExp 

0.113 35.9 57 75.8 57.1 9712.452 63.044 59.067 -6.732 

0.141 35.8 56.2 75.8 57.9 12043.41 74.622 73.314 -1.783 

0.17 35.8 55.8 75.9 58.6 14457.88 87.217 88.222 1.138 

0.198 35.9 55.7 75.9 59.6 17115.7 98.551 97.270 -1.317 

Table 3. Experimental data for repeatability heat transfer versus Re for FST having pitch 10 cm. 

�̇�cw, �̇�hw 

(Kg/s) 

T1 

(oC) 

T2 

(oC) 

T3 

(oC) 

T4 

(oC) 
Rehw 

Trail 1 Trail 2 %diff 

NuExp NuExp 

0.113 36.2 58.1 76.3 57.1 9643.40 64.32 62.770 -2.482 

0.141 36.2 57.7 76.2 57.6 12043.41 78.90 77.715 -1.534 

0.17 36.3 56.9 76.2 58.6 14457.88 91.31 92.489 1.269 

0.198 36.3 56.7 76.1 59.6 17115.7 107.66 103.88 -3.642 

Table 4. Experimental data for repeatability heat transfer versus Re for FST having pitch 5 cm. 

�̇�cw, �̇�hw 

(Kg/s) 

T1 

(oC) 

T2 

(oC) 

T3 

(oC) 

T4 

(oC) 
Rehw 

Trail 1 Trail 2 %diff 

NuExp NuExp 

0.113 
36.3 58.7 76.9 57.1 9643.4 68.56 67.28 -1.902497 

0.141 36.2 58.3 76.8 57.7 12043.41 83.18 82.11 -1.30313 

0.17 36.2 57.6 76.7 58.5 14457.88 95.43 96.76 1.374535 

0.198 36.4 57.2 76.5 59.3 17115.7 110.79 106.5 -4.028169 
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3.4 Factors Affected by Varying Pitch Between 

Consecutive FST 

Pitch over here refers to the distance between two 

consecutive FST mounted on a brass rod. Apart from the 

enhancement in heat transfer and thermal performance 

installation of FST leads in the increase in pumping power 

requirement. The minimum pitch of the turbulators allows 

more turbulators on the given length which leads to more 

friction to the flow, more back pressure generates and all 

these leads to more pumping power requirement. This 

arrangement also separates the boundary layer commencing 

earlier as the pitch between two consecutive turbulators 

going to be decrease. Fig. 4 represents the effect of FST over 

variation in pitch ratio 

 

 
Figure 4. Repercussion by varying pitch value of FST. 

 

4. Data Reduction 

Water is taken as a working fluid for all the experiments 

conducted with a parametric study of the effects of variation 

in mass flow rate for turbulent case. Installation of FST with 

varying pitch ratio influences the flow conditions including 

an adverse effect i.e. increment of friction factor. Different 

equations required for the basis of such experiments are 

summed as follows: 

Quantity of heat flow [33] for hot and cold water loops can 

be calculated from Eqn. (1) and (2) 

 

( )c c pc ce ciQ m C T T                                              (1)

    

(T )h h ph hi heQ m c T                                             (2)  

 

The arithmetic average of heat exchange from the hotter 

and colder fluid streams is 

 

.
2

h c
ave

Q Q
Q


                                                        (3) 

 

The overall heat transfer coefficient can be calculated as 
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Where A is the circumferential area of the inner pipe.  

 

4.1 Standard Equation 

The non-dimensional numbers; Nu, Re and Pr calculated 

from Eqn: 
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4.2 Heat Transfer and Friction Factor Calculation 

For the heat transfer calculations, some standard 

equations from the literatures were used for the experimental 

flow conditions. 

DittusBoelter Equation [34] 

 
0.8 0.30.023Re PrNu                                                (11) 

 

Friction factor for the different flow arrangements were 

calculated from Blasius Equation and Darcy-weisbach 

equations [33] 

 

0.25

0.3164

Re
                                                              (12) 
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2

P

L V

D





                                                          (13) 

 

Thermal performance factor calculation at constant pumping 

power 

 

   3 3Re Re
PT T

                                                (14) 

 

The thermal performance factor and performance 

evaluation criteria is the key parameter in designing effective 

heat exchanging devices [35]. The thermal performance 

factor (η) is the ratio of the Nusselt number ratio (𝑁𝑢T/𝑁𝑢PT) 

to the friction factor ratio (λT/λPT) considering constant 

pumping powerand can be represented as   

 

 
1/3

T PT

T PT

Nu Nu


 
                                                   (15) 
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4.3 Uncertainty Calculation 

Mass flow rate, pressure (at inlet and exit), and 

temperature distribution were the variables measured by the 

test rig. Before being used in the experimental setting, all 

variable measuring equipment were calibrated. The two 

crucial factors, Nusselt number and Reynolds number, were 

going to be used to understand the experiment's measured 

variables. Temperature and pressure drop are the most effect-

causing variables for Nusselt number, while flow rate is the 

greatest effect-causing variable for Reynold number. Fluid 

thermo-physical properties, on the other hand, had a 

significant impact on both of them. 

The root sum square equation, which combines the 

effects of each distinct input as proposed by Kline and 

McClintock [36], could be used to determine the 

uncertainties in the computed findings with improved 

precision. The uncertainties in the aforementioned equations 

are caused by inaccuracies in the primary parameters, as 

indicated in Table 5. The highest computed uncertainty in 

heat transfer coefficient, Prandtl number, and friction factor 

obtained from all experiments are 4%, 2.5%, and 5%, 

respectively. The computed uncertainty in the results is 

calculated from Eq. 16. 

 

22 2

1 2

1 2

..... n

n

R R R
R x x x

x x x

  
  

  

    
         

     
 (16) 

 

Where 𝛿𝑥 is the uncertainty of the independent individual 

variables and 
𝜕𝑅

𝜕𝑥
 is sensitivity. 

 

Table 5. Uncertainties in the main parameters. 
Parameter Uncertainty (%) 

Annulus-side Reynolds number  ± 1.77** 
Tube-side Reynolds number ± 2.61** 

Thermocouple ± 0.1 °C* 

Pressure transducer ± 0.35* 

Heating wire ± 0.15* 

* Based on manufacturer claim.  

** Based on calibration. 

 

4.4 Preparation of Wilson Chart and Standard Equations 

The calculation of the film heat transfer [37], [38] can be 

estimated by the very popular technique known as the 

Wilson plot. This plot is based on the overall thermal 

resistance in the total heat transfer in the form of convection. 

For all sets of experiment, except the first term, all other 

resistance is constant on the RHS of Eq. 17. 

 

1 1 i w i

i i w i

h x d

U h d h k d 

                                             (17) 

 

As a flow on inner waterside is turbulent and the variation in 

thermal properties are negligible, for a smooth tube with a 

flow rate of more than 10000 Reynold number, the Seider 

Tate equation is of the form 

 
0.8Reih A                                                                (18) 

 

Therefore, from Eq. 17 and Eq. 18, it can be written as 

 

0.8

1 1

Rei

K
U A

                                                      (19) 

Here, K is a constant and its value is to be estimated on the 

intercept of the y-axis of the Wilson chart (1/Ui vs. 1/Re0.8). 

This value was put in Eq. 17 to obtain the value of hi. This 

expression is in the form of the exponent of Reynold number. 

The same procedure as was done for the plane tube was 

repeated for whole pitches of FST. Heat transfer results were 

obtained by preparing Wilson Charts between Reynolds 

number (Re) and overall heat transfer coefficient (U) it can 

be seen in section 5.3. 

 

5. Result and Discussion 

In this analysis effect of Flat Strip Spring Turbulator (FST) 

installed inside the double pipe heat exchanger in the 

counter-current flow arrangement was analysed. Friction 

factor increment means a decrease in the pitch ratio of 

turbulators used in the experiment, which ultimately affects 

the pressure drop i.e. pumping power. But, for maintaining 

higher value of Reynolds number, a constant (high) pumping 

power is required. Hence, it is desired to maintain an 

optimum condition i.e. balance between pitch ratio, friction 

factor, pressure loss, and ultimately in pumping power. The 

main function of a turbulator is to generate detachment and 

reattachment of flow around them and as a result of this, 

reduces the effect of the boundary layer (when heat is 

transferred through the laminar effect). This separation of 

flow generates proper mixing regions (with large turbulence 

energy) which ultimately destroy the eddies and vortex 

formation for heat transfer enhancement. 

 

5.1 Plain Tube Experimentation 

For hot water, heaters were used to heat the water to 

76°C, as this temperature lied within the limits of the heating 

capacity of heaters and could be easily maintained in the 

working conditions. A temperature regulator is used for 

maintaining constant temperature. The tank is connected to 

pump (centrifugal type) for circulation of hot water inside 

the inner pipe of the heat exchanger and for controlling the 

flow rate a bypass valve is used (recirculation the hot water 

back into the tank). This hot water allowed to pass through 

the inner tube of heat exchanger at a desired mass flow rate 

and simultaneously cold water flow was initiated and this set 

up was left continued for at least 20 minutes to attain a 

steady-state condition. Now that a steady state was achieved, 

the main experimentation was commenced by adjusting the 

mass flow rates by using rotameters of both cold water and 

hot water side at desired values. The readings from RTDs 

were obtained only when a steady condition is achieved. This 

procedure was repeated at various flow rates (0.1134-0.425 

Kg/s) of cold and hot water. Under the assumption of 

uniform heat flux, the calculation of Nusselt numbers is done 

and compared with the fundamental Eqn. 11 (provided by 

Dittus and Boelter) for validating the current plane tube.  

The Nusselt number variation with Reynolds number for 

plain tube experiment are shown in the Fig.5(a).Whereas, it 

was noted that the variation of Nusselt number within the 

acceptable range of   Dittus– Boelter equation correlation 

[34]. Before beginning any heat exchanger related 

experiment utilizing turbulator, measurement of friction 

factor as a secondary parameter is necessary. So, verifying 

(under similar test conditions) the current plain inner copper 

tube for the friction factor parameter by comparing of the 

current data obtained with those obtained from the Blasius 

correlation. This variation of friction factor with the Blasius 

equation is show in Fig.5(b).  
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(a) 

 
(b) 

Figure 5. (a) Nusselt number and overall heat transfer 

coefficient for plane tube, (b) Variation in friction factor 

and pressure drop for plane tube. 

 

5.2 Effect of FST Turbulator on Nusselt Number 

Effect on tubes with FST at different pitches (PR=15, 10, 

and 5cm) on the heat transfer rate (Nu) is demonstrated in 

Fig. 6. For all values of Reynolds number, the heat transfer 

rate for FST is higher than those of the plain tube and this is 

due to the destruction of the thermal boundary layer present 

near the inner tube wall. In different turbulator arrangements, 

it is found that with the decrease of pitch the heat transfer 

rate increases. This is because since, FST with a smaller PR 

of 5cm, create more intervention in the generation of thermal 

as well as hydrodynamic boundary layer with a greater 

degree of turbulence than that of higher PR of 15cm. The 

quantitative analysis reveals that the percentage heat transfer 

rate in the tube with FST of P =15cm, P=10cm, P= 5cm is 

7.93%, 13.09%, and 14.26% higher than those in the plain 

tube at Re =17115.70. 

Fig. 6. (b) Indicate the Nusselt number ratio variation 

with respect to Reynolds number. From the graph, it is 

evident that Nusselt number values decrease with increasing 

Reynolds number or its having higher rate of heat transfer at 

lower values of Reynolds number. This occurs primarily 

because at low Reynolds numbers the thermal boundary 

layer thickness is higher near the surface of the pipe, limiting 

heat transfer, while after putting the FST in place, the 

boundary layer effect is no longer noticeable. It is evident 

that, 10 cm pitch FST has a higher value of Nusselt number 

ratio as compared to 15cm pitch. In all three cases, the values 

attained were greater than unity, demonstrating the 

advantage of using FST as an insert in heat exchangers as 

compared to a plan tube. It is found that the highest and 

lowest values of the Nusselt number ratio are in between 1.20 

and 1.13 for FSTs with a pitch of 5 cm, whereas in case of 

pitch 15 cm it is between 1.10 and 1.05 for FSTs. 

 

 
(a) 

 
(b) 

Figure 6. (a) Heat transfer enhancement by FST, (b) 

Effect of pitch values on Nusselt number. 

 

5.3 Effect of FST Turbulator on Friction Factor 

The friction factor is one of the important parameters for 

improving the thermal performance factor in heat 

exchangers. Across the test section, friction factor value 

varies directly with the pressure drop values and inversely 

with the square of fluid velocity values. Whereas, by 

considering Reynolds number increment, friction factor 

decreases but pressure drop increases. So, as the turbulator 

used in the heat exchanger, the friction factor will increase 

because of the obstruction in the flow. Therefore, it is very 

important to find out a turbulator that imparted the lowest 

friction factor. 

From the scenario of Fig. 7 (a&b), It is concluded that the 

value of friction factor increases as the pitch ratio decreases 

for the same Reynold number. The reason behind this trend 

is smaller the distance between FSTs, and more obstructions 

faced by the flow which ultimately causes an increase in 

friction factor. The simple fact is that, when the distance 

between two consecutive FSTs is less, more space is 

available for mounting the FSTs on the cylindrical rod inside 

the inner copper tube, thus the more obstruction against the 

flow stream of hot water. Hence, more turbulence results in 

a high-pressure drop. 
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(a) 

 
(b) 

 
(c) 

Figure 7. (a) Influence of different pitch value on (a-b) 

turbulator on friction factor, (c) Pressure drop. 

 

The turbulator acts as an obstruction, as the difference 

between two consecutive FST increases, local flow velocity 

quantity also increases (which means local Reynolds number 

increase). The occurrence of these events may generate lots 

of vortexes and these vortexes when faces centrifugal force 

due to secondary flows cause pressure drop as compare to 

plan tube. As shown in Fig. 7(c) that as the FST pitch 

decreases pressure drop increases for the constant value of 

the Reynolds number. FST pitch increment means that 

obstruction located at larger distances and as a result of this 

decrement in Reynolds number and generation of vortexes is 

observed with an increment in hydraulic diameter. All these 

phenomena together cause the decrement in pressure drop. 

 

5.4 Effect of FST Turbulator on the Thermal 

Performance Factor  

Only thermal aspects cannot be set as the final criteria for 

the selection of FST. Here, an optimal value of pitch should 

be selected which has better heat transport capability and 

also have a lower value of frictional loss (pumping power). 

The thermal performance factor is also one of the important 

factors to count both the effect in the heat exchanger. A 

significant increment in Nusselt number and friction factor 

is always observed for various types of turbulators. So, 

designing the geometry of turbulator is an important task 

with a view of obtaining maximum thermal performance 

factors. As can be seen in Fig. 8(a) at constant pumping 

power, it is evident from the graph that Reynold number and 

thermal performance factor are in inverse relation with each 

other. Also, this can be concluded that because of improved 

thermal and hydraulic performance, the FSTs at P = 10 cm 

(having the same pumping power) are most efficient.  

As can be seen from Fig. 8(b) there occur a significant 

change in heat gain and heat drop trends at different mass 

flow rate. It was observed that at higher mass flow rate heat 

drop and heat gain become approximately equal and the 

general trend was the heat drop rate decreases with increase 

in mass flow rate and rate of heat gain increases with increase 

in mass flow rate. 

 

 
(a) 

 
(b) 

Figure 8. (a) Variation in thermal performance factor 

with Reynold number, (b) HT characteristics at 

constant 𝑚 ̇ℎ𝑤 &  𝑚 ̇𝑐𝑤. 

 

5.5 Experimental Results Conjugated to Wilson Plot 

Wilson plot is a very important tool that is utilized to 

check the performance of different types of heat exchangers 

[42]. Through this approach, the overall heat transfer 

coefficient value can directly be calculated which is not 
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easier indirect calculation from the experimental results due 

to inaccessible surface temperature values.  The 

experimental results obtained from the experiment on double 

pipe heat exchanger experimental setup with flat strip spring 

Turbulator insert were analyzed with Wilson chart (having 

variation between overall heat transfer coefficient (U) and 

Reynold number). The results were plotted between 

10000/Ui and 10000/Re0.8, which is presented in Fig. 9. The 

variation of 10000/U follows the linear trend as of the 

Wilson plot. However, the experimental values are slightly 

lesser than that of the straight-line of the Wilson plot. 

 

 
Figure 9. Visualization of overall heat transfer coefficient 

with Wilson plot. 

 

 

 

 

5.6 Comparison of Performance Parameters of Different 

Turbulators 

In the Table 6, the term “Nusselt number ratio” 

(Numax/Nup) is the ratio of maximum Nusselt number after 

augmentation to Nuseelt number of the plane tube, and 

“friction factor ratio” (λmax/λp) is the ratio of maximum 

friction factor after augmentation to friction factor of the plan 

tube. In current work, the Nusselt number ratio comes only 

1.2 at the expense of friction factor ratio of 1.44 in a range of 

Reynolds no. (9000–38,000). Whereas, maximum increment 

in Nusselt number ratio is claimed by Singh et. al. [24] i.e. 

4.6 but at a higher value of friction factor ratio of 36.07 in a 

range of Reynolds no. (6300– 22500) and as it is well known 

that, with the increment in Reynolds number friction factor 

also increases which further increases required pumping 

power and makes the heat exchange process uneconomical. 

So, in the present study even at a higher value of Reynolds 

number friction factor obtaining well-accepted range as 

compared to the previous studies. 

 

6. Conclusion 

The present experimental study presents the potential 

application of FST to enhance the heat transport performance 

of a concentric double tube heat exchanger. The 

experimental objectives investigation was successfully 

carried out with the insertion of FST at various pitch values 

at varying cold and hot water flow rate of 500 to 1500 LPH 

and 500 to 2000 LPH, respectively. All the time, the 

experiment was in turbulent flow with Reynold number 

ranging from 9000 to 38000, which significantly influences 

the different parameter of heat exchanger (Nusselt number, 

friction, and thermal performance factor). The most 

remarkable conclusions drawn after conducting this 

experiment are: 

 

 

 

Table 6. Comparison of performance parameters of different turbulators. 

Author Turbulator 

used 

Parameters Reynolds 

Number 

Nusselt 

Number ratio 

Friction 

factor ratio 

Image 

Karakaya et. al. 
[10] 

Conical spring 
turbulators 

different cone 
angle (30°, 

45°, 60°) 

10,000 to 

34,000 

Numax≈ 3.33 Nup 

 

λmax≈ 1.72 λp 

 
 

Sheikholeslami 
et. al. [15] 

typical and 
perforated 

circular  

turbulators 

open area ratio 
(0 to 0.0625), 

pitch ratio 

(1.83 to 5.83) 

6000 

to12,000 

Numax≈ 2.12 Nup 

 

λmax≈ 11.40 λp 

 

 

Singh et. al. [24] 

solid ring 

tubular (SRT) 
with Number of 

twisted tapes 

(TT): 1, 2, 3, 4 

Pitch ratios (1 

and 2_, twist 

ratios ( 2, 3, 
and 4) 

6300 to 

22500 

Numax ≈ 4.6 Nup 

 

λmax≈36.07 λp 

 

  

Akpinar[27] 
helical (spring 

shaped) 
 

6500 to 

13,000 

Numax ≈ 2.64 Nup 

 

λmax≈ 2.74 λp 
 

Bhuiya et al. [39] Triple twisted 

tape 

Twist ratio-

1.92–6.79 

7200 to 

50,200 

Numax ≈ 3.85 Nup 

 

λmax≈ 4.2 λp 

 

Present study Flat strip 
spring 

turbulator 

At different 
pitch ratio of 5, 

10 &15 

9000 to 
38000 

Numax ≈ 1.2 Nup 

 

λmax≈ 1.44 λp  
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 The enhancement of heat transfers with flat spring inserts 

of P =15cm, P=10cm, P= 5cm is 7.93%, 13.09%, and 

14.26% higher than those in the plain tube at Re =17115.69 

and flow rates at 0.19839 kg/s. Over the range investigated, 

the maximum heat transfer rise was about 20% for FST at 

pitch 5cm.  

 The heat transfer rate and friction factor of FSTs increase 

with decreasing pitch due to the number FSTs present on 

the cylindrical rod was high inserted in the copper tube. 

However, the thermal performance factor increases with 

decreasing pitch 

 The friction factor obtained from using the PCR with pitch 

15, 10, and 5cm are found to be respectively, 17%, 30%, 

and 39%, over the plain tube at Reynolds number of 

17997.71.  An increase in the pitch of FSTs causes a 

reduction in Nusselt numbers as well as friction factors. 

The maximum friction factor rise was about 44% for 

Reynolds number of 22497.1. 

 The maximum heat gain & heat drop-in plan tube is 19.7 

& 18.1. On 15cm pitch, Maximum heat gain& heat drop is 

21 & 18.6. On 10cm pitch, Maximum heat gain & heat drop 

was 21.7 & 19.1. On 5cm pitch, Maximum heat gain & heat 

drop is 22.4 & 19.6.  

As the pitch between two consecutive FSTs decreases not 

only heat transfer rate increase but also an adverse effect 

increases i.e. friction factor. An optimal pitch value is 

suggested from this study because increasing the turbulator 

is not only the solution for heat transfer enhancement, a 

downside of this arrangement is the increasing pressure drop 

which leads to more power requirement and this should be 

considered for optimization to the maximum performance of 

heat exchanger. 

 

Nomenclature 

 

L Total length of pipe 

D Hydraulic diameter 

V Velocity of water 

ΔP Frictional pressure drop 

c Specific heat 

d Diameter of inner pipe 

Nu Nusselt Number 

Re Reynold Number 

P Pitch  

ṁ Mass flow rate 

c Specific heat 

T Turbultor 

A Area 

PT Plane Tube 

λ Friction factor 

ρ Density of fluid 

 
LMTD 

RTD 

Thermal performance factor 

Log Mean Temperature Difference 

Resistance temperature detector 

HG Heat Gain 

HD Heat Drop 

 

Subscript  

i Inner 

o Outer 

c Cross sectional 

max Maximum 
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