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Abstract: The goal of this research is to convey an outlook of heat transfer and friction factor in an
experi-mental study with a double-pipe heat exchanger (DPHE). In process heat transformation
(HT) and friction factor(f) in a DPHE counter-flow with a twisted tape (TT) arrangement by dimple
inserts. The grooves were a kind of concavity that enhanced thermal transfer while only slightly
degrading pressure. Heat transmission (HT) and friction factor(f) were investigated employing
dimples with twisting tape of varying diameters along with uniform diameter (D) to the diameter-to-
depth ratio (D/H). The impact of using twisted tape with various dimpled diameters D = 2, 4, and
6 mm at a uniform (D/H) = 1.5, 3 and 4.5 on heat transmission and friction factor properties were
discussed. The dimple diameter (D) was directly connected to the friction coefficient (f), hence the
highest value of friction factor was established at (D) = 6 mm. Furthermore, the best performance of
Nusselt number (Nu) and performance evaluation criteria (PEC) was determined at a diameter of
4 mm. As a result, dimpled twisted tape additions are an excellent and cost-effective approach to
improve heat transformation in heat exchangers. With fluid as a water, lower parameters, and higher
Reynolds number (Re) resulted in better thermal conditions. Thermal performance and friction
factor(f) correlations were developed with regard to the geom-etry of the dimple diameter (D), its
ratio (D/H), ‘Re’, and a good correspondence with the experimental data was achieved. The novel
geometry caused a smaller pressure drop despite its higher convection heat transfer coefficient. The
results also showed that raising the ‘Re’ and nanofluid concentration, the pressure drop increased.

Keywords: double pipe heat exchanger; Thermal Performance Ratio; Nusselt number; friction factor;
heat exchanger; heat transfer

1. Introduction

Heat transfer is a natural phenomenon that appears in various applications, such
as refrigeration for cold storage, air conditioning, thermal power plants for producing
heat transmission, food processing, and feedstock processing [1–4]. Heat exchangers are
used to transmit heat with less expenditure and greater efficiency. The performance of
thermal devices is among the most significant areas of study in engineering [5–8]. As a
result, improving heat transmission is critical for achieving long-term energy growth. In the
literature, researchers have continued to their studies in heat transfer enhance-ment. Many
researchers have worked to enhance heat transmission flow by using complex geometric
inserts that produce secondary fluid motion and accelerate heat transfer rate [9–12]. In
some double-pipe heat exchangers, heat transfer devices are based on the evaporation and
condensation of a working fluid.
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Thermal augmentation path can be divided into three categories: active technique,
passive method, and compound method [13–15]. The heat transfer rate is improved by an
external power, used in the active technique, such as cams by induced pulsation, mechanical
aids, the application of electrostatic fields to interrupt elements of flow stream, etc. [16–18].
In the passive technique, additional devices are used to make changes that affect the flow
channel’s geometry or surface. Surface tension devices, coiled tubes, rough surfaces, swirl
flow devices, extended surfaces, treated surfaces, are used in the passive technique to
enhance heat transfer [19,20]. The combination of passive and active methods is called a
compound technique (e.g., fluid vibration with rough surface) [21–24].

The passive approach is widely used because it requires no external power and
significantly improves heat transfer characteristics [25–29]. Moreover, thermal performance
is found to be optimal at an efficient pumping power. The plain tape inserts method is used
universally as one of the methods in the passive technique [30–35]. Some examples are
in-plane tube inserts in heat transmission, such as the conical ring, helical spring, twisted
tape, ribs, conical nozzle, etc. Twisted tape inserts are the most often used tube inserts,
and these have been thoroughly investigated as well as explored by different researchers
across the world [36–39]. Given the enhancement of science and technology, it has become
challenging to optimize heat transfer efficiency and conserve energy. Furthermore, one
of the most effective ways to increase conduction is with the use of novel materials with
enhanced properties [40–42].

One of the investigations on DPHE was conducted by J. Mozley [43] using two auto-
matic control approaches, a case was created computationally and experimentally aimed at
the investigation and estimation of active features of a specific DPHE. Passive electrical
networks in analogs and simple calculated models were used to develop these technologies,
and frequency responses based on numerical results and fundamental results provided
strong investigational results. Cohen and Johnson [44] similarly premeditated the dynamic
features for DPHE. The equations of dynamic properties were obtained in this analysis.
According to the statement that features of the DPHE’s elements were used to quickly
establish by the sample provided of the static for a basic system analysis. It was reported
that the features for DPHE mechanisms may be simply established for occurrence responses
of the data for a basic system. Perceived data were close to experimental outcomes. In
a study by Terekhov et al. [45] heat transfer and friction factor were investigated experi-
mentally utilizing a dimple on its own (D/H = 2–7.7, Re = 10,000–70,000). Lachi et al. [46]
deliberated that the shell and tube heat exchanger are continuous of a DPHE. The goal of
the experiment was to categorize features of the heat transfer in a transient state, mostly
while sudden changes in inlet velocities were examined. An ideal with both limitations
of slight delay and integral time was used to conduct this research. It is also important to
note that the systematic period was calculated using the energy balance. Furthermore, the
numerical data were validated using an experimental method, with the maximum recorded
at less than 10%. Yadav [47] The results of some of the lengths of TT on heat transfer and
pressure drop in a U-type DPHE was investigated. Heat transfer was reported to be 40%
higher with inserts than without the twisted tape inserts. Nevertheless, a plane tube, by
using performance evaluation criterion, was found to have a maximum of approximately
1.32 to 1.52. Aicher and Kim [48] investigated results concerning forced convection in
DPHE installed on a shell side wall’s nozzle section. It was discovered that the nozzle
section’s counterflow had a substantial impact on HT when energy fell. Additionally, it was
found that the influence might be stronger if the HE was smaller and the proportion of the
open cross-section region was lower. Additionally, they demonstrated practical correlates
for predicting the rate of heat transfer in turbulent flow.
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Moreover, Naphon [49] to examine the variance in heat transfer and pressure drop,
an experimental examination was carried out on a DPHE with and without twisted tape
inserts. The twisted tape inserts were constructed of aluminum and 1 mm thickness.
The operating fluid was both hot and cold water. They found that using a twisted tape
dimple configuration improved heat transfer and increased pressure drop (ρ) from HEs.
Maré et al. [50] calculated both numerically and empirically varied HT with back flow in
concentric DPHEs. Water was used as the working fluid in this study, and it flowed in
a laminar pattern. The PIV approach, which is one of the most-used flow visualization
methods, was also used to depict the relevant velocity vectors. The velocity circulation
revealed that a high frequency of annular flow rate causes the inner tube to have a constant
temperature boundary condition. Back flow was also detected in both the inner tube
and the annulus, resulting in improve heat transfer and higher pressure drop (ρ) from
thermal performance test with a twisted tape dimple than without twisted tape inserts.
The occurrence was more apparent at discharge pressure rates and the Richardson number
of unification.

Mwesigye A. et al. [51] conducted a numerical study to study the transmission of
traditional TT additions in an HE using the finite volume approach to solve the problem.
The flows of the Reynolds number (Re) ranged from 10,260 to 1,353,000. The twist ratio
ranged from 0.5 to 2, while the width ratios were between 0.53 and 0.91. The results showed
a 169% increase in HT, a 68% decrease of the absorber tube. A temperature modification
with the perimeter and a 10% increase in PEC inside conventional absorber tube over the
thermal receiver were also observed. It was also stated that the ideal “Re” has a strong
connection with twist proportion and inverse relationship along the width proportion.
Moreover, a maximum reduction in entropy generation can be obtained with a ratio 58%.
Furthermore, Ma et al. [52] studied the impacts of supercritical CO2 in DPHE were re-
searched experimentally, with influences on the SCO2 of pressure, mass flux, and buoyancy
force studied extensively. On the other hand, the study showed that increasing the gas-side
pressure significantly reduced both the overall and gas-side temperature gradient ratio.
Moreover, the study showed that water-side discharge, as opposed to gas-side flow rate,
was the most important factor in the heat transfer rate. Furthermore, Tala et al. [53] es-
tablished the forecasting of thermal performance and genetic algorithm-based scientific
correlation. Several investigators have explored various kinds of TTs in experimental and
modelling studies, according to the literature analysis. However, few studies are observed
on evaluating thermal performance in a dual-pipe heat exchanger using TT with a dimple
configuration insert. The goal of this research is to in-vestigate HT and ‘f’ properties of
twisted tape with dimple configuration inserts of differ-ent parameters at the same dimple
diameter (D) to dimple diameter to depth ratio (D/H) in a horizontal DPHE. The influence
of the dimple configuration on HT and pressure drop (ρ) is investigated experimentally
in this work. With cold/hot water as a working fluid, “Re” ranged from 6000 to 14,000.
The experimentally acquired results of thermal performance enhancement and pressure
decrease were assessed and extensively discussed.

The goal of this study is to examine heat transmission and friction properties in a
horizontal double-pipe heat exchanger (DPHE) utilizing twisted tape with dimple in-
serts of various dimple sizes and dimple to dimple half-length (H) ratios (D/H). Specific
objectives include:

Developing new correlations for Performance Evaluation Criteria (PEC) in terms of
Nusselt number (Nu), friction factor (f), Reynolds number (Re), Dimple diameter (Dd),
Hole diameter (Dh) for given set of flow and geometrical parameters.

Based on the extensive research review conducted, many experimental setups were
proposed. However, for the proposed research work, one mode of heat exchanger config-
uration is used:

Providing a dimple protrusion surface only on front face with a hole configuration
placed adjacent to it over the tube length of 1500 mm.
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2. Methodology

The twisted tape insert in the double-pipe heat exchanger experimental setup is
fabricated with aluminum with a dimple configuration. Among all the commonly used
plain tube inserts, twisted tape insert is considered as the primary choice and is therefore
extensively studied by numerous authors worldwide. Mainly two types of twisted tape
inserts are used in the experiment: plain and dimpled configurations. Plain twisted tape
was made from an aluminum sheet of thickness 1 mm, width 15 mm and length 1500 mm.
Initially the aluminum strip was fixed in two jaws of vices and distance between the vices
was more than 1500 mm. One of the jaws was fixed whereas the other was free and both
were mounted on a lead screw. One of the jaws which was free to rotate was rotated
twenty-four times in order to obtain a twisted tape of twist ratio 5.5.

3. Experimental Set-Up

The double-pipe heat exchanger flow circuit is represented in Figure 1. The experi-
mental setup with the above configuration was constructed, with water as a working fluid
pumped using a centrifugal pump inserted with a valve and rotameter. To ensure that the
flow was fully developed at the entrance of the test section and was calm at exit of test
section, additional tubes of the same material were added at the entrance and exit of the
test section for turbulent flow. To minimize the heat loss from developing- and calming-
sections, both the sections were properly insulated with glass wool.

A double-pipe heat exchanger (DPHE) with liquid as water for working as the ex-
perimental setup. The internal tube contained hot water, while the outer contained cold
water. The hot-water route was made up of a water temperature propane tank including
an electric heater and rheostat, 0.5 HP capillary tube, a rotameter, and tubing along the
controls. The steam lines and the propane tank were adequately covered with insulation.
0.5 HP capillary tube, a rotameter, and a tubing including controls, made up the cold-water
route. The internal tube had a 2 mm diameter (D), an average diameter (D) of 16 mm, and a
duration of 2.4 m, however exterior piping had a depth of 3 mm, an average (D) of 30 mm,
and a length of 2.4 m. Hot water circulate temperatures were maintained at 70 ◦C, while
fluid intake temperatures were maintained at ambient temperature (30–32 ◦C). To measure
the surface temperature, six T-type regulated heat exchangers with such an imprecision
were positioned at 0.1 ◦C and placed over the tube’s top of the pipe. Apart from resulting
in an imprecision error of 0.1 ◦C, the input and output temperatures of the freeze and warm
water were listed with the heat transfer rate. A u-tube manometer was used to measure the
stress drop of hot water flowing in the estimate point. Once the system reached a stable
state, the value of heat flux, flow rate, and frequency were noted for increased performance.
In all circumstances, the twisted tapes utilized in the study were constructed of aluminum
with a depth of 1 mm and a twist ratio of 5.5. On the basis of heat flux, overall temperature
of tube, and flow rates, the efficiency of the recommended twisted tape inserts with the
dimple configuration in obtaining an accelerated rate of heat transfer was investigated.
Twisted tape inserts with dimple configurations for obtaining an accelerated rate of heat
transfer were studied. At a constant twist ratio of 5.5, variations in characteristic of twisted
tape with dimple configurations of various diameters (D) of 2-, 4-, and 6-mm with D/H
ratios of 1.5, 3.0, and 4.5, were made. The heated fluid movement through into the inner
tube was adjusted in Reynolds number from 6000 to 14,000. The ‘Re’ range was chosen
based on median inflow stream frequency and tube diameter (Hd). The employed twisted
tapes fabrication diagram is depicted in below Figure 2.
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Figure 1. Experiment Set-up. 1. Heater 2. Hot water tank 3. RTD-hot water in tank 4. Ball valve
5. Hot water pump 6. Hot water control valve 7. Flow meter (Turbine flow meter) 8. RTD-Hot
water inlet 9. RTD-Hot water outlet 10. RTD-cold water inlet 11. RTD-Cold water outlet 12. U-Tube
manometer 13. Cold water recover 14. Thermocouples 15. Data logger 16. Flow meter (Turbine flow
meter) 17. Cold water control valve 18. Cold water pump 19. Ball valve 20. Cold water tank.

Figure 2. Twisted tape with dimple configuration.

4. Data Analysis [54]

It is important to comprehend basic geometry and performance evaluation-relat-
ed characteristics.

1. Twisted factor is spatial measurement amidst successive points of a geometrical
configuration on co-planes measured parallel to twisted tape axis (i.e., 50% of the
twisted ratio) divided by Total Hydraulic (Td). ‘TR’ or ‘y’ are typical abbreviations
used for it.

TR =
H
D

(1)

2. Reynolds Number (Re) is the ratio of the fluid’s dynamic viscosity to compound of
the tube’s (Hd), median fluid flow rate, and volume. Re is symbol used for it.

Re =
deuρ

u
(2)

3. Nusselt Number—It is a proportionality between product of convective heat transfer
rate factor and tube diameter (Hd) to electrical properties.
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(Nu) =
hiD
Kh

(3)

4. Friction factor is proportionality between the product of tube’s total pressure decrease
and corresponding Inner Tube Diameter equals the square of the average fluid velocity
in the tube multiplied by density, characteristic linear dimension, and inner tube
diameter. It is shown in use by ‘f ’.

f =
2∆de

ρµ2L
(4)

5. Thermal enhancement efficiency is to measure performance evaluation criteria (PEC)
or Thermal figure of merit factor or Overall efficiency (η) when pumping power is
constant. It is defined as the ratio of Nu ratio (NuT/Nu0) [Ratio of (NuT) to (Nu0)] to

that of cubic root of friction factors ratio ( fT/ f0)
1
3 [Ratio of friction factor with twisted

tape insert (fT) to that of friction factor without twisted tape or plane tube (f0)] and
calibrated using mathematical correlation: Thermal figure of merit factor or Overall
efficiency (η) or of performance evaluation criteria It fortifies stability of ‘Nu’ and (f )
and also core emphasis will be put forth on modification of twisted tape(s) shapes.

(PEC) =

(
NuT
Nuo

)
(

fT
fo

)0.33 (5)

As an effect of this, it promotes for the material optimization used for heat exchanger
system design studies.

In above correlations, (H) = half-length Twist Pitch, (D) = Total Hydraulic Tube
Diameter, (de) = Inner Tube Diameter, (u) = average fluid velocity, (ρ) = fluid density,
(µ) = dynamic viscosity of fluid, (k) = thermal conductivity, (h) = convective heat transfer
coefficient., (∆P) = Pressure Drop, and (LC) = Characteristic Linear Length. The majority
mean temperature for warm and chilled water is considered to be the average value of in
and out temperature equation represents a number of formulae used in the current work.

The average heat water,

Th =
(Thi + Th0)

2
(6)

The average temperature of cold water,

Tc =
(Tci + Tc0)

2
(7)

Mean temperature of wall

Tw =
(T1 + T2 + T3 + T4 + T5 + T6)

6
(8)

Mean velocity of warm water,

Uh =
(Vh × ρin)

πD2ρh
4

(9)

Reynolds number,

Re =
Uh × DI

V
(10)

The rate of heat transmission released by Hot water,

Qh = ρh × Vh × Cp(Thi − Th0) (11)
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Cold water absorbs heat at a high rate.,

Qc = ρc × Vc × Cpc(Tco − Tci) (12)

Heat transfer rate of the thermal gradient rate system is defined as the mean value.

Q =
(Qh + Qc)

2
= hi × As × (Th − Tw) (13)

Nusselt number

(Nu) =
hiD
Kh

(14)

Friction factor

( f ) =
2(∆P)

4ρhLVh2
(15)

Validation of plain tube experimental results of ‘Nu’ and ‘f’ with Gnielinski and
Filonenko correlations, respectively.

Gnielinski Correlation

Nu f =

(
f
8

)
(Re − 1000)pr f[

1 + 12.7
(

f
8

) 1
2
(
(Pr)0.66 − 1

)][
1 +

(
d
L

) 2
3
]

C1

(16)

Filonenko Correlation

Fc = (1.82 ln 12884 − 1.64)−2 (17)

Data collected from the experimental work for a plain tube is processed according to
the selective eight Reynolds numbers within the specified range 6000 < Re < 14,000 and
Gnielinski and Filonenko correlations.

5. Results and Discussions
5.1. Validation of Experimental Setup

Data collected from the experimental work for twisted tape configuration was processed
according to the relations mentioned in all specific eight Reynolds number conditions.

The experimental setup was authenticated along with standard correlations recom-
mended by different researchers to verify for the correctness of data obtained through
experiments. Estimates of ‘Nu’ and ‘f’ derived from the studies carried on plain twisted
tape without inserts were matched through Gnielinski and Filonenko correlations, respec-
tively. The conclusions revealed that investigational values were inside tolerable limits
thus acceptable for the experimental setup. The determined deviance found was ±7% for
‘Nu’ and ±7.5% for ‘f’, providing a dimple protrusion surface only on the front face with a
hole configuration placed adjacent to it over the tube length of 1500 mm.

Correlations designed for ‘f’ and ‘Nu’ for a kind as working and geometrical factors to
be investigated, Figures 3–12 were developed using the data acquired since investigational,
for ‘Nu’ and ‘f’. Nusselt number and friction factor are stable parameters of mutually
working and movement causing limitations, of Reynolds number, dimple diameter to
depth ratio (D/H) ratio, and Dimple diameter (D), according to results of experimental
investigation. The mathematical correlation between these ‘Nu’ and ‘f’ properties, as well
as system and operating factors, is as follows:

Nu = f
{

Re
D
H

, D
}

(18)

f = f
{

Re
D
H

, D
}

(19)
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Figure 3. Experimental Variation of Nusselt number and Reynolds number.

Figure 4. Experimental results of coefficient Ao and Prandtl number.
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Figure 5. Experimental Variation of coefficient Bo and Depth ratio (D/H).

Figure 6. Experimental Variation of correlation and Nusselt number.
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Figure 7. Experimental Variation of Friction Factor and Reynolds number.

Figure 8. Experimental Variation of coefficient A1 and Prandtl number.
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Figure 9. Experimental Variation of coefficient B1 and Depth ratio (D/H).

Figure 10. Experimental Variation of correlation and Friction Factor.
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Figure 11. Experimental validation of Nusselt number Vs Reynolds number at various values of
D/H ratio’s (1.5, 3 and 4.5) and different Dimple Diameter (2, 4 and 6 mm).

Figure 12. Experimental validation of Friction factor Vs Reynolds number at various values of D/H
ratio’s (1.5, 3 and 4.5) and different Dimple Diameter (2, 4 and 6 mm).

A range of Reynolds number was plotted against all the investigational values collected
for ‘Nu’ with dimple geometry, indicating that a direct correlation among ‘Nu’ and ‘Re’
would almost occur. For the data presented, a regression analysis was performed, and bend
fitting was used to calculate mean line of all slopes.

Nu = AoRe0.7818 (20)
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In this equation, the coefficient Ao is unquestionably a meaning in relation to other
inducing fundamentals, is to procedure dimple diameter to depth ratio (D/H) as a dete-
rioration examination parameter and draw a graph among ln(Ao) and (D/H) shown in
Figure 3. This correlation was discovered using a second order deterioration investigation
and optimal curve for the full summary.

ln
(

Nu
Re0.7817

)
= ln B0 + A11 ln

(
D
H

)
+ A12 ln

(
D
H

)2
(21)

This above equation can be rewritten as and shown Figure 4.(
Nu

Re0.7817

)
= B0

(
D
H

)0.3738
Exp

(
−0.1581

(
ln
(

D
H

)2
))

(22)

Similarly,

ln

 Nu

Re0.7817
(

D
H

)0.3738
Exp

(
−0.1581

(
ln
(

D
H

)2
))

 (23)

which is ln(B0) with the dimple Natural log scale diameter ln Diameter was visually shown
in Figure 5, and the regression produced this equation as

Similarly,

ln

 Nu

Re0.7817
(

D
H

)0.3738
Exp

(
−0.1581

(
ln
(

D
H

)2
))

 (24)

which is ln(B0) with the dimple Natural log scale diameter ln(D) was visually shown in
Figure 6, and the regression produced this equation as

ln

 Nu

Re0.7817
(

D
H

)0.3738
Exp

(
−0.1581

(
ln
(

D
H

)2
))

 = C0D3.597Exp
(
−1.177

(
ln(D)2

))
(25)

The value of the last constant, C0, may be used to write the final correlation

Nu = 0.00314 × Re0.7817
(

D
H

)0.3738
Exp

(
−0.1581

(
ln
(

D
H

)2
))

D3.597Exp
(
−1.177

(
ln(D)2

))
(26)

From the experimentally collected data, investigation was used to create geometric
correlations for ‘f’. friction factor and Reynolds number established was first, graphically
shown in Figure 7, on the numeric values of ln (friction factor) and ln (Reynolds number)
for each data point. Linear deterioration investigation was carried out, and the arch correct
was carried out in such a way that a conventional stripe passing finished these arguments
was generated, which is communicated as:

f = A0Re−0.5508 (27)

The coefficient Ao is greatly influenced by other geometrical factors. Now, using
factor (D/H), rate of f

Re−0.1521 = A0 is graphically shown in Figure 8, on a log-log scale as a
purpose of (D/H).

ln
(

f
Re−0.5508

)
= ln B0 + A11 ln

(
D
H

)
+ A12 ln

(
D
H

)2
(28)
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As follow above equation.(
f

Re−0.5508

)
= B0

(
D
H

)−0.4764
Exp

(
0.0698

(
ln
(

D
H

)2
))

(29)

Similarly,

ln

 f

Re−0.5508
(

D
H

)−0.4764
Exp

(
0.0698

(
ln
(

D
H

)2
))

 (30)

which is ln(B0) with the Diameter (D) ln(D) remained distinctly designed arranged usual
graph shown in Figure 9, measurement and deterioration created this calculation.

ln

 f

Re−0.5508
(

D
H

)−0.4764
Exp

(
0.0698

(
ln
(

D
H

)2
))

 = C0D−0.7095Exp
(

0.3197
(

ln(D)2
))

(31)

By using the value of the final constant, C0, the final correlation can be expressed and
shown in Figure 10.

f = 63.07 × Re0.7817Re−0.5508
(

D
H

)−0.4764
Exp

(
0.0698

(
ln
(

D
H

)2
))

D−0.7095Exp
(

0.3197
(

ln(D)2
))

5.1.1. Impact of Dimple Diameter (D) and Dimple Diameter to Depth Ratio (D/H) on
Heat Transfer

The deviation of Nusselt number with Reynolds number of plain tube, twisted tape
without dimples and twisted tape with dimples (D = 2, 4 and 6 mm with D/H = 1.5, 3 and
4.5) are given provided in Figure 11. As is evident from all these cases, there is a substantial
rise in the numeric value of Nu as Re increases. when compared to a tube without insert, a
twisted insert without dimples and with dimples actually increases the rate of heat transfer.
The value of Nu increases for dimple diameter 2–4 mm, whereas it decreases for dimple
diameter 4–6 mm over the range of Reynolds numbers studied.

5.1.2. Effect of Dimple Diameter and Dimple Diameter (D) to Depth Ratio (D/H) on
Friction Factor

The variation of friction factor with Reynolds number for tubes without insert, twisted
tape without dimples and twisted tape with dimples of diameters, 2, 4, and 6 mm (with
(D/H) ratios = 1.5, 3 and 4.5 for each diameter respectively) are given in Figure 12. It can be
seen that in all cases, ‘f’ decreasing upon increasing ‘Re’ and twisted tapes yielded higher
‘f’ value than the tube without an insert. The friction factor is directly proportional to the
depth of dimple. In both cases, the numeric value of ‘f’ decreases between (D/H) = 1.5
and (D/H) = 3, as well as between (D/H) = 3 and (D/H) = 4.5, with (D/H) = 4.5 having
the lowest value of ‘f’. In accumulation to this, ‘f’ reductions from dimple diameter 6 mm
to 4 mm with tiniest value for Diameter = 2 mm. It is because an increase in dimple
depth decreases the flow area and provides more surface contact resistance leading to
enhancement in friction factor.

6. Conclusions

In a range of Reynolds numbers, twisted tape inserts with dimple configurations,
plain tube and twisted tape inserts without dimples with higher ‘Nu’ and ‘f’ were studied.
Results showed that as the dimple diameter (D) of the dimple expands from 2 to 4 mm,
the Nusselt number rises, then falls as the diameter goes from 4 to 6 mm. This is because
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the swirl flow is trapped at the bottom of the depression, and the protrusion separates the
flow. The diameter of the dimple determines the friction factor, which is proportionate to
dimple dimeter (D) of the dimple configuration. The dimple configuration of twisted tape
reduces the flow area while increasing the contact surface. When compared to ‘Nu’, the
influence of the twisted tape with a dimple configuration on ‘f ’ becomes more important
as the Reynolds number (Re) rises. Performance evaluation criteria (PEC) of the twisted
tape without dimples was the lowest among all other arrangements over the range of
‘Re’ examined, implying that the friction factor takes primacy over the Nusselt number in
this circumstance.

i. According to the conclusions derived from this research, twisted tape inserts with
dimple configurations significantly increased the values of the Nusselt number (Nu)
and Reynolds number (Re) after a certain limit of Reynolds number (Re) in the
experiments evaluated;

ii. Correlations were developed for Nusselt number and friction factor and these correla-
tions may be helpful for further applications;

iii. This analysis makes it possible to investigate many different aspects in double-pipe
heat exchangers with twisted tape inserts, and the following areas of research are
suggested for future research:

• Experimental study of ‘Nu’ and ‘f ’ in DPHE using dimpled configuration twisted
tape with selected Nano fluid.

• Experimental study of heat transfer and friction factor in double pipe heat ex-
changer using conical dimpled configuration twisted tape.

• Analysis of Nusselt number and friction factor(f) in DPHE using dimpled config-
uration twisted strip with diverse twist ratio.

• Experimental study of ‘Nu’ and ‘f’ in DPHE using dimpled twisted tape of
different length and at different locations.
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Nomenclature

Acronym Description Unit
CP Specific heat at constant pressure J/kg K
CV Specific heat at constant volume J/kg K
e Internal energy J/kg
E0 Total energy J/kg
h Enthalpy J/kg
k Turbulent kinetic energy J/kg = m2/s2

p Static pressure Pa
R Specific gas constant J/kg K
t Time S
T Static temperature K
U* Friction velocity m/s
ui Velocity m/s
ε Turbulence dissipation J/kgs
µ Dynamic viscosity N s/m2
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V Kinematic viscosity M2/s

ρ Density Kg/m3

ω Specific dissipation s−1

Dimensionless
parameters
Parameter Description Description
Nu Nusselt number hL/k
Pr Prandtl number uCp/k
Re Reynolds number ρV L/µ
Subscript
t Turbulent property
0 Stagnation/total property
Superscript
conv Convective part
diff Diffusive part
lam Laminar part
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