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This study investigates the heat transfer enhancement in a tubular pipe using various
rectangular-cut twisted tape inserts with a twist ratio of 5.25. Numerical simulations are
carried out for twisted-tape inserts of different configurations, containing three types of
rectangular-cuts (cut-1: 8x6x14 mm?, cut-2: 8x10x18 mm?, cut-3: 8§x12x26 mm?®) and
compared with B. Salam cut (§%8x14 mm?) and plane twist configuration. The simulations
are conducted over a Reynolds number range of 9471-42623 under uniform temperature
conditions. The tubular pipe length is set at 1000 mm, with a twisted tape length of 960
mm. Water is used as the working fluid. The study examines the impact of these inserts on
the temperature distribution, vorticity, Nusselt number (Nu), friction factor (f),
effectiveness (¢) and thermal performance efficiency (n). The simulation results reveal that
the presence of rectangular-cuts in twisted tape inserts leads to significant enhancement in
heat transfer compared to plane inserts. At the Reynolds number of 14207, the Nusselt
number is observed to be 188.67 for plane twist configuration, which improves by 17.66%,
12.88% and 13.69% for cuts 1, 2 & 3 respectively while for B. Salam cut and without
insert, it is found to improve by 15.64% and 7.94% respectively. When it comes to
effectiveness, B. Salam cut results in an improvement by 20.70% while cuts 1, 2 and 3
yield an improvement of 10.08%, 19.88% and 19.60% compared to the plane tube for the
Reynold’s number of 18,943. The friction factor shows decreasing pattern for all cases with
the best results obtained for cuts 2, 3 and B. Salam cut. In presence of cuts, the thermal
performance efficiency shows an upward trend from 1.97-3.17 over the studied Reynolds
number range. The results obtained from the numerical simulations show good qualitative
agreement with results obtained from experimental studies by B. Salam, indicating that the
enhancement in heat transfer not only depends on the type of inserts but also on the specific
twist and cut configurations.

1. INTRODUCTION

in twist ratios [1-5].
The enhancement of heat exchanger performance can be

Twisted tapes and tubes have been used for a long time as a
passive technique to enhance the transfer of heat in fluid
transfer pipes and heat exchangers. Out of the many thermal
applications, chemical processing facilities, solar heaters and
power plants systems are just a few of them. The ongoing
demand for improved thermal management in various
industrial applications has encouraged extensive research into
innovative methods for enhancing heat transfer in tubular
systems. Among these methods, the use of twisted tape inserts
has emerged as a highly effective technique for augmenting
heat transfer by inducing swirl flow and disrupting the thermal
boundary layer. However, traditional twisted tape designs,
while effective, often come with limitations, such as increased
pressure drops and friction factors that can offset the benefits
of enhanced heat transfer. To address these challenges,
researchers have explored various modifications to twisted
tape designs, including the incorporation of cuts and variations
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attained by various active and passive techniques of heat
transfer enhancement like using corrugated tubes [6] and
conical tubes [7]. Inserts of different geometries are used to
enhance the performance of heat exchangers [8-13]. These
inserts and geometries are of different shapes, such as three
different obstacle shapes [14], wire springs [15], twisted tapes
with rectangular cuts [16], circular cuts [17], V-cuts [18],
single & double cuts [19], twist ratio [20], perforated inserts
[21], square cut insert [22], short [23] & full length inserts [24]
and fins [25, 26]. A study was carried out to learn the effect of
multi-tube helical heat exchangers for turbulent flow [27].
These inserts can be easily produced, replaced and removed
for maintenance. Therefore, numerous possible changes can be
made, which include changes in their geometrical shape.

In 2016, an experimental study was conducted on the
turbulent flow inside the helically corrugated heat exchanger
fitted with two U-cut and a V-cut twisted-tape inserts by


https://crossmark.crossref.org/dialog/?doi=10.18280/ijht.430307&domain=pdf

Hasanpour et al. [28]. With the hole diameter ratios 0.11 and
0.33 along with the width and depth ratios of the cuts from 0.3-
0.6, the experiment was conducted for the twist ratio of the
inserts 3, 5 and 7 for Reynold’s number from 5000-15000. The
Nusselt number is increases a maximum of about 40% in
presence of V-cut and U-cut in twisted tape inserts for width
ratio of 0.3 and depth ratio of 0.45 at the twist ratio of 3 [28].

The results obtained by Acharjee et al. [29] in 2019 show
that the angle of perforated inserts impacted the Nusselt
number and thermal performance evaluation criterion. Among
the angles taken into consideration, the perforation angle of
65° resulted in the Nusselt number increasing by 1.11-1.13
times and the thermal performance criterion improving by
1.10-1.13 times compared to the 0° angle. The Nusselt number
consistently remained higher for the angle of perforation of 65°
compared to other angles studied across all Reynold’s
numbers.

Numerical and experimental investigations were conducted
by Marzouk et al. [30] on the heat transfer enhancement in
double tube heat exchanger using nail-rod inserts. The results
indicate an increase in the Nusselt (Nu) number by 1.81-1.90
times upon the introduction of nail rods compared to the plane
tube. The maximum increase in energy efficiency is found to
be 1.28 times more compared to the plane tube.

Sharaf et al. [31] studied the heat transfer enhancement in a
double pipe helical heat exchanger using spring wire inserts
and nanofluid. For the Reynolds number 4500-7000, the
Nusselt number is enhanced by 34% when 0.1% volume
concentration of nanofluid is used and by 43.5% while the
maximum pressure drop ratio of 1.57 is obtained when spring
wire is only used compared to base water with nanofluid
employment and spring wire inserts.

According to Poblador-Ibanez et al. [32], vorticity modifies
the fluid mixture density which is responsible species and
thermal mixing. Salam et al. [33] experimentally studied the
heat transfer enhancement in a tube using rectangular-cut (8-
8-14) twisted-tape inserts. The Reynolds numbers was taken
in the range 10000-19000 with heat flux varying from 14-
22 kW/m? for smooth tube, and 23-40 kW/m? for tube with
rectangular-cut insert. At the studied Reynolds number range,
Nusselt numbers in tube with rectangular-cut twisted tape
insert were enhanced by 2.3-2.9 times with friction factor
increasing by 1.4-1.8 times compared to the smooth tube,
while the heat transfer enhancement efficiencies were found to
be in the range of 1.9-2.3.

The results obtained from the numerical simulation on the
performance of heat exchangers in presence of rectangular-cut
twisted tape inserts by Nakhchi and Esfahani [34] in 2019
show that the friction factor improves by 34.8% while the heat
transfer coefficient increases up to 33.26% compared to the
plane twist configuration. In 2024, the numerical study of heat
transfer enhancement by a heat exchanger by Nashee [35]
demonstrates that the double cut configuration shows greater
pressure drop resulting in more effective heat transfer and
higher friction factor values compared to the single cut
configuration.

This study focuses on a novel modification of twisted tape
inserts, specifically the introduction of rectangular cuts, and
examines their impact on heat transfer performance within
tubular pipes. The twisted tape inserts investigated in this
study have a twist ratio of 5.25, and the numerical simulations
cover arange of Reynolds numbers from 9471 to 42623. Three
types of rectangular-cut twisted tape inserts were considered:
cut-1 (8x6x14 mm?), cut-2 (8x10x18 mm?), cut-3 (8x12x26
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mm?) along with B. Salam cut (8x8x14 mm?). Additionally, a
plane twist without any cuts was included for comparison.
These configurations were tested under uniform temperature
conditions within a tubular pipe of 1000 mm length, where the
twisted tape inserts occupied 960 mm of the pipe. Water was
used as the working fluid for all simulations. Several key
parameters were evaluated to assess the performance of these
twisted tape inserts, including the temperature distribution
within the pipe, vorticity, the Nusselt number (Nu), friction
factor (f), effectiveness (&) and thermal performance efficiency
(). The Nusselt number is particularly important as it
quantifies the convective heat transfer enhancement, while the
friction factor provides insights into the pressure drop and flow
resistance associated with each configuration.

2. GOVERNING EQUATIONS

Computational fluid dynamics (CFD) is considered the
most reliable method to calculate the dynamic performance of
fluids inside the tubular pipe. CFD solves the N-S equations
using the Finite Element Method (FEM) [36]. The basis of
CFD is the equations of continuity, momentum and energy
[37].

P vl ou) =
p +V-(pu)=0 (1
p-Vyu=V-[-pl +(u+p)(Vu+(Vu)")
(2)

2 2
—g(u+ur)(V-u)1—§pKl]+F

The k-o turbulent model is derived by Menter [38] and
improved by Wilcox [39].

p-Vk =V [(u+ 14,0, )V 1+ p, - pf ko 3)
pV)0=V [+ o, VoltaTh -phe’ (@)
The turbulent viscosity (u7) is calculated using:
1)
pOVI0=V-[(u+ o, VoltalP oo’ (5)
K
ty=p— (©)
0]
r 2 2| 2
B=u [Vu:(Vu)+(Vu) —S(V-u) }—gpkv-u (7)
The energy equation is given below.
or
pCpE+pCpu-VT:V.(kVT)+Q (8)
Eq. (8) can be written as:
oT
pCp§+V-(—kVT):Q 9



if the fluid is initially immobile.
The heat transfer coefficient (%) is computed using:

(10)

The effectiveness of the system is calculated according to
Bhuiya et al. [40].

LT
Twav - 7-; (1 1)
The Nusselt number is calculated using:
hD
Nu= 7 (12)

Bhuiya et al. [40] used the Darcy method to calculate
friction factor and the pressure drop of the fluid due to flow
from inlet to outlet.

AP=hpg (13)
Sl

h =
26D (14)

Finally, Eq. (14) can be obtained using Eqgs. (12) and (13).

L fp

D 2 (13)

M =

The thermal enhancement efficiency, 7, is computed using
[33].

n= 1.238 X Re%339% pr—03x (5_25)—1.33 (16)

2.1 Boundary conditions

The boundary conditions for the simulation are consistent
with Wilcox’s k-0 model [39].

u Z—UOII

(17)

Water is used as the working fluid. Setting the initial inlet
temperature of water, 7;,=293.15 K, the no slip wall conditions
are assumed by:

u-n=0 (18)

[(e+ s )(Vu+(Vu)")
—g(,u+,u7)(V‘u)l—§ka]n=—pg—;utmg (19)
u,, =u—(u-n)n (20)

c,K?
Vk-n:O,a):—pKvéwﬂ 21
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The wall function of the outlet domain and the inner wall of
the tube are run by the equation below.

[=pI +(u+ g )(Vu+ (V)"

22
—%(uwr)(v-u)l—%pkl]:_fon (22)

The uniform temperature conditions of the domain
boundary is:

T=T =500K (23)

3. THE COMPUTATIONAL DOMAIN AND MESHING

The full computational domain for the twist ratio 5.25 is
shown in Figure 1. A modified rectangular-cut twisted tape
insert of 960 mm inside a pipe of length 1000 mm, inner
diameter of 26 mm and various cut dimensions are considered
for simulation. Computational simulations have been
performed to modify the mesh design until the desired
outcomes are obtained. Fine mesh is considered for better
simulation results. A high-performance computing system
equipped with 16 GB of RAM (DDR3) and an Intel core i7
processor is used to conduct the numerical simulations.
COMSOL Multiphysics, a FEM based software, is used [36,
37]. Figure 2 shows the full-length domain with inserts used
for computation while the inlet mesh design and the
complexity of its elements near the cuts on the insert are shown
in Figures 3 and 4, respectively. Table 1 shows the comparison
between various mesh elements.

Figure 3. Computational inlet mesh design
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Figure 4. Computational mesh design for inserts

Table 1. Distinct mesh elements comparison

Plane B. Plane
Properties . Cut-1 Cut-2 Cut-3 Salam
Twist Tube
Cut
Tetrahedral - ¢700> 153047 105570 118158 13888 76293
elements
Triangular 466 22204 19298 19938 21074 8728
elements
Elementsof 5665 3127 2870 2918 3025 888
edge
Elements of 0, 5o, 264 264 271 8
vertex
Elements 1657 0.1446 01239 01009 0.175 02318
quality
AVEIage () 9547 07463 07465 07462 07462 0.7706
element
4. NUMERICAL RESULTS

FEM is used for computational simulations. The purpose of
this study is to use numerical simulation model to observe the
heat transfer phenomenon in a tubular pipe of complex
geometries. The k- non-isothermal turbulent flow model is
considered for numerical simulation. The thickness of the tube
is neglected while water is used as the working fluid in this
simulation. Plane twist and tubes containing different cut
configurations are used for this simulation.

4.1 Temperature profile

From Figure 5, the maximum contour temperature is
observed to be 306.95 K at a position of 300 mm for plane
twist configuration. At 600 mm and 900 mm positions, the
maximum contour temperature increases to 314.86 K and
322.31 K, respectively.

In presence of rectangular cut 1, as seen in Figure 6, the
maximum contour temperature is observed to be 307.90 K at
a position of 300 mm, which increases to 316.60 K and 325.10
K at positions 600 mm and 900 mm, respectively.

In presence of rectangular cut 2, as seen in Figure 7, the
maximum contour temperature is observed to be 307.07 K at
a position of 300 mm, which increases to 315.76 K and 323.68
K at positions 600 mm and 900 mm, respectively.

In presence of rectangular cut 3, as seen in Figure 8, the
maximum contour temperature is observed to be 307.33K at a
position of 300 mm, which increases to 316.62 K and 323.86
K at positions 600 mm and 900 mm, respectively.

In presence of B. Salam cut, as seen in Figure 9, the
maximum contour temperature is observed to be 313.31 K at
a position of 300 mm, which increases to 315.93 K and
324.64 K at positions 600 mm and 900 mm, respectively.

In absence of inserts, as seen in Figure 10, the maximum
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contour temperature is observed to be 298.77 K at a position
and 318.34 K at

of 300 mm, which increases to 309.43 K

positions 600 mm and 900 mm, respectively.
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(c) Plane twist at 300 mm
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Figure 5. Contour temperature profile for plane twist
configuration at positions 300 mm, 600 mm, and 900 mm
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Figure 6. Contour temperature profile for cut 1 configuration
at positions 300 mm, 600 mm, and 900 mm

Figure 7. Contour temperature profile for cut 2 configuration
at positions 300 mm, 600 mm, and 900 mm
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(a) B. Salam cut at 300 mm
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Figure 8. Contour temperature profile for cut 3 configuration
at positions 300 mm, 600 mm, and 900 mm

Figure 9. Contour temperature profile for B. Salam cut
configuration at positions 300 mm, 600 mm, and 900 mm
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Figure 10. Contour temperature profile for plane tube
configuration at positions 300 mm, 600 mm, and 900 mm
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When the temperature of the fluid is measured along the
length of the pipe, it shows an increasing pattern with or
without cuts. For plane twist configuration, the maximum
temperature of the fluid is observed to be 318.13 K near the
outlet as seen in Figure 11(a). In presence of rectangular cuts
1, 2, 3 and B. Salam cut, as seen in Figures 11(b)-(e), the
maximum temperature of the fluid is observed to be 320 K,
320 K, 299 K and almost 322 K respectively. In absence of
inserts, the maximum temperature of the fluid reaches close to
320 K, as seen in Figure 11(f).
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Figure 11. Temperature line graph
4.2 Vorticity profile
The vorticity profile is observed at a position of 900mm for
plane twist, rectangular cuts 1, 2, 3 & B. Salam cut and plane

tube as shown in Figure 12. The maximum vorticity at this
position is found to be 21.694 (1/s) for plane tube, which
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increases to 136.93 (1/s) for plane twist configuration. The
maximum vorticity changes to 165.56 (1/s), 161.38 (1/s),
148.05 (1/s) and 22.573 (1/s) in presence of rectangular cuts 1,
2, 3 and B. Salam cut respectively. The unexpected lower
value of the maximum vorticity for B. Salam cut configuration
is due to the absence of cut at the position of 900 mm. At the
position of 960 mm of the insert of B. Salam cut configuration,
as seen in Figure 13, the maximum vorticity is found to be

190.85 (1/s).
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Figure 12. Vorticity magnitude at 900 mm
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Figure 13. Vorticity magnitude of B. Salam cut at 960 mm
4.3 Average wall temperature profile

Figure 14 shows the average wall temperature distribution
(Twav) for different geometrical configurations: Plane tube,
plane twist, Rectangular Cut 1, 2, 3 and B. Salam cut. For all
configurations, the wall temperature decreases consistently
with increasing velocity, indicating more effective heat
transfer as the velocity of fluid rises.
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At a Reynold’s number of 9471, the wall temperature for
the plane tube configuration is 311.19 K. It is 310.19 K for
plane twist configuration, which increases to 311.27 K,
31090 K, 311.11 K, 311.16 K in presence of rectangular cuts
1, 2, 3 and B. Salam cut respectively. Similar observation was
noticed at a Reynold’s number of 42623, where the wall
temperature of plane tube is found to be 306.33 K. A wall
temperature of 305.73 K is found for the plane twist
configuration which increases to 306.66 K, 306.59 K,
306.70 K and 306.60 K when rectangular cuts 1, 2, 3 and B.
Salam cut were introduced respectively. This trend suggests
that the rectangular cuts enhance the convective heat transfer
process, with Rectangular Cut 1, 3 and B. Salam cut are among
the highest wall temperatures across all velocities tested.

Figure 15 shows the average wall temperature distribution
with the temperature in Celsius scale. The numerical results
for B. Salam cut show the average wall temperature of 35.15-
38.01°C for Reynold’s number range of 9471-18943, which is
similar to the experimental results of Salam et al. [33] of about
32-36°C for Reynold’s number range of 10116-19070. Other
cut configurations show similar pattern in wall temperature
distribution.

4.4 Bulk temperature profile

Figure 16 displays the bulk temperature profile for
Reynold’s number ranging from 9471-42623 for plane twist,
three different rectangular cut configurations with B. Salam
cut and plane tube. The bulk temperature (Tb) decreases with
increasing Reynold’s number for all configurations, indicating
improved heat transfer as the velocity of fluid rises. At the
Reynold’s number of 14207, the Bulk temperature is found to
be 303.94 K for plane twist configuration. It increases in
presence of rectangular cuts, with the highest temperature of
304.76 K obtained for B. Salam cut, which is higher than plane
tube configuration (304.13 K).
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Figure 16. Bulk temperature
4.5 Effectiveness

Figure 17 shows the effectiveness profile for Reynold’s
number ranging from 9471-42623 for plane twist, three
different rectangular cut configurations with B. Salam cut and
plane tube. The effectiveness decreases with increasing
velocity for all configurations. At the Reynold’s number of
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18943, the maximum effectiveness of 1.62 is achieved for B.
Salam cut whereas the plane tube and plane twist
configurations show an effectiveness of 1.34. Similar results
are observed for other Reynold’s numbers.
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Figure 17. Effectiveness
4.6 Nusselt number profile

Figure 18 displays the Nusselt number profile for Reynold’s
number ranging from 9471-42623 for plane twist, three
different rectangular cut configurations with B. Salam cut and
plane tube. The Nusselt number increases consistently with
Reynold’s number across all configurations, where the Plane
Twist and Plane tube show the lowest Nusselt number
compared to other configurations. The presence of rectangular
cuts in twisted-tape inserts results in a significantly higher
Nusselt number, with Rectangular Cut 1 and B. Salam cut
having the maximum heat transfer rate for the studied
Reynold’s number range. At a Reynold’s number of 9471, B.
Salam cut shows the highest Nusselt number of 169.16 while
the lowest of 140.76 was observed for the plane twist
configuration. At a Reynold’s number of 18943, rectangular
cut 1 shows the highest Nusselt number of 280.72 whereas the
least of 237.85 was recorded for plane tube configuration.
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Figure 18. Nusselt number profile



4.7 Friction factor

Figure 19 shows the variation of friction factor for
Reynold’s number ranging from 9471-42623 for plane twist,
three different rectangular cut configurations along with B.
Salam cut and plane tube configuration. For all the
configurations, the friction factor is observed to decrease with
increasing Reynold’s number. At a Reynold’s number of
14207, the minimum friction factor is found to be 0.04 for
plane tube while a maximum of 0.16 is observed for
rectangular cut 2 while B. Salam cut shows 0.15. Similar
results are seen for other Reynold’s numbers. These results are
consistent with the experimental results by Salam et al. [33].
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Figure 19. Friction factor profile
4.8 Thermal performance efficiency (TPE)

The thermal performance efficiency for Reynold’s number
range 9471-42623 is shown in Figure 20. The B. Salam cut
shows the highest TPE while the plane tube shows the lowest
for the studied Reynold’s number range. In the experimental
study by Salam et al. [33], the TPE is 1.8-2.2 for Reynold’s
number 10116-19070. In this numerical simulation, the TPE is
found to be 1.98-2.45 for B. Salam cut for Reynold’s number
9471-18943.
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Figure 20. Thermal performance efficiency profile

5. CONCLUSIONS

The numerical simulations on a tubular pipe with inserts of
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various rectangular-cut configurations under uniform
temperature conditions for Reynold’s number range 9471-
42623 were conducted. The inclusion of inserts in a tubular
pipe causes changes in the vorticity of the fluid in the tube,
which results in variations in wall temperature, bulk
temperature, effectiveness, Nusselt number and friction factor.
The results show that:

e  The numerical results for cut 1, 2 and 3 show the
average wall temperatures of 33.51-38.11°C, 33.44-
37.75°C and 33.53-37.96°C while the B. Salam cut
shows the average wall temperature of 35.15-38.01°C
for Reynold’s number range of 9471-18943. The
results of B. Salam cut are consistent with the
experimental results of Salam et. al. [33] of about 32-
36°C for Reynold’s number range of 10116-19070.

e The bulk temperature (Tb) shows downward trend
with increasing Reynold’s number for all
configurations. At the Reynold’s number of 14207,
the Bulk temperature is found to be 303.94 K for
plane twist configuration. It increases in presence of
rectangular cuts. Cuts 1, 2 & 3 resulted highest
temperatures of 304.65 K-304.66 K while the highest
temperature of 304.76 K is obtained for B. Salam cut,
which is higher than that of the plane tube
configuration (304.13 K).

e The maximum vorticity at the position of 900mm is
found to be 21.694 (1/s) for plane tube, which
increases to 136.93 (1/s) for plane twist configuration.
The maximum vorticity changes to 165.56 (1/s),
161.38 (1/s), 148.05 (1/s) and 22.573 (1/s) in
presence of rectangular cuts 1, 2, 3 and B. Salam cut
respectively. The unexpected lower value of the
maximum vorticity for B. Salam cut configuration is
due to the absence of cut at the position of 900 mm.
At the position of 960 mm of the insert of B. Salam
cut configuration, the maximum vorticity is found to
be 190.85 (1/s).

e The effectiveness decreases with increasing velocity
for all configurations. When it comes to effectiveness,
B. Salam cut results in an improvement by 20.70%
while cuts 1, 2 and 3 yield an improvement of 10.08%,
19.88% and 19.60% compared to the plane tube and
plane twist configuration for the Reynold’s number
of 18,943. Similar results are observed for other
Reynold’s numbers.

e The presence of rectangular cuts in twisted-tape
inserts results in a significantly higher Nusselt
number, with rectangular cut 1 and B. Salam cut
having the maximum heat transfer rate for the studied
Reynold’s number range. At a Reynold’s number of
9471, B. Salam cut shows the highest Nusselt number
of 169.16 while the lowest of 140.76 was observed
for the plane twist configuration. At a Reynold’s
number of 18943, rectangular cut 1 shows the highest
Nusselt number of 280.72 whereas the least of 237.85
was recorded for plane tube configuration.

e For all the configurations, the friction factor is
observed to decrease with increasing Reynold’s
number. At a Reynold’s number of 14207, the
minimum friction factor is found to be 0.04 for plane
tube while a maximum of 0.16 is observed for
rectangular cut 2 while B. Salam cut shows 0.15.
Similar results are seen for other Reynold’s numbers.



These results are consistent with the experimental
results by Salam et al. [33].

e The B. Salam cut shows the highest TPE while the

plane tube shows the lowest for the studied Reynold’s
number range. In the experimental study by Salam et
al. [33], the TPE is 1.8-2.2 for Reynold’s number
10116-19070. In this numerical simulation, the TPE
is found to be 1.98-2.45 for B. Salam cut for
Reynold’s number 9471-18943.
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NOMENCLATURE

1 Length of the pipe

D Diameter of the pipe

Cp Specific heat, J. kg!. K'!

AP Pressure drop

g gravitational acceleration, m.s™
k Thermal conductivity, W.m™'. K!
f Friction factor (-)

Nu Nusselt number (-)

Re Reynolds number (-)

Ti Inlet temperature (K)

To Outlet temperature (K)

Tb Bulk temperature (K)

Tw Wall temperature (K)

Twav Average wall temperature (K)
q Heat flux (W/m?)

Q Amount of heat Joule(j)

Greek symbols

1 Dynamic viscosity, kg. m'.s"!
® Inverse time scale

Hr Turbulent viscosity

&

Effectiveness



Thermal enhancement performance Subscripts

Density of water
p Plane tube

Twisted tape

-
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