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ABSTRACT 

This work has been studying the thermo hydraulic performance of stainless-steel double pipe heat exchanger, 
inner and outer diameters are (114.3 and168.3mm) with 3.05 mm thickness and 1500 mm length numerically by 
using Solid Works 2016 package. The recycle wasted energy in the exhaust gases for the purpose of heating the 
heavy fuel oil and helical tape with different pitches (11, 14, 17) cm is inserted in the inner side of the inner tube 
as an enhancement heat transfer device. Reynolds number is varied between (25148 and 64883) for air side 
(inner tube), oil flow rate in the outer tube is 0.1 kg/s. The numerical results are first verified for helical tape 
with different pitches, then they are compared with the previous study that conducted on the same heat 
exchanger with twisted tape inserted with four twisted ratios under the same boundary condition and then the 
both results compared with plain heat exchanger. The result show that as compared with plain tube, using helical 
tape with smaller pitch (11) cm and inlet air velocity (34) m/s the enhancement percentage in heat transfer rate, 
Nusselt number and convection heat transfer increased up to 62.51%, 159.45 %, and 148.16% respectively, 
while the result for twisted tape at lower twisted ratio (1.5) from previous study is 23.68%, 86.92% and 76.31% 
to same parameters above. The higher-pressure drop is obtained when using minimum pitch for helical tape and 
higher Reynolds number. 
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INTRODUCTION 

Double pipe heat exchangers have an important role in various engineering processes. A simple double-pipe 
exchanger consists of two pairs of concentric pipes, the two fluids that are transferring heat flow in the inner and 
outer pipes, respectively. Double-pipe counter flow heat exchangers are commonly used in applications 
involving relatively low flow rates and high temperatures or pressures, for which they are well suited. Other 
advantages include low installation cost, ease of maintenance, and flexibility were stated by Shah and Sekulic 
[1]. As a result, it was important to study the various improvements that could be added to the exchanger to 
improve heat transfer, such as using passive techniques in order to enhance the heat transfer properties of the 
heat exchanger, which is a topic of interest to scientists and researchers during recent decades. The request to 
reduce the cost and dimensions of the heat exchanger stimulated researchers to exploring different methods of 
improving heat transfer. Passive heat transfer improvement techniques are mostly preferred because of its 
simplicity and its usability in a lot of applications.  

Moreover there is no need for an external influencing force except for liquid transport, Tabatabaeikia[2] 
Numerical and experimental studies have been carried out to enhance the heat transferred by these ways, 
Sivalakshmi [3] study experimentally the effect of helical fin over the inner tube on the performance of the 
double tube heat exchanger and compare it with the plain tube ,at constant hot fluid  inlet temperature  80 oC and 
flow rate of hot fluid  change between 0.01 kg/s to 0.05 kg/s, the experimental analysis was done. The results 
evaluate when impact the helical fin on the outer surface of inner tube and estimate the heat transfer rate and 
heat exchanger effectiveness is found to be 38.46% and 35% respectively higher than smooth inner pipe being 
used for all mass flow rates values, similarly, over-all heat transfer coefficient is also enhanced. Maakoul [4] 
presented Three-dimensional design and characteristic performance (thermo-hydraulic) of double pipe heat 
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exchanger by using helical baffles in the annulus side numerically. The analysis was performed for different 
values of (Re) and (0.025-0.1) meters distance between the baffles, the use of helical baffles with spacing of 100 
mm, 50 mm, 33.3 mm, and 25 mm increases convection heat transfer by 5%, 17%, 30% and 45% on average 
with increasing pressure drop 2, 5, 11 respectively. Maakoul [5] studied theoretically the thermo hydraulic 
performance of a proposed design of an air-to-water double pipe heat exchanger with helical fins with spacing's 
in the range of 0.05–0.2 m on the annulus gas side.  

The results reveal that at the same pumping power consumption, helical fins give higher heat transfer rate than 
the longitudinal. The heat transfer surface areas for helical fins with pitches of (0.2, 0.1, 0.067 and 0.05) m are 
3%, 7%, 15%, and 24% respectively, the heat transfer coefficient also increases with decreasing fins spacing, on 
average, about 14%, 42%, 63%, and 83% for same pitches arrangement above, which is higher than the 
longitudinal fin configuration. This also proved by Kumar [6]. The effect of helical tape conducted on the out 
surface of inner tube on hydrothermal performance of horizontal double pipe heat exchanger studied 
experimentally by Salem[7] , the results showed that using the helical tape  increases with decreasing HTI pitch 
ratio, both annulus average Nusselt number and fanning friction factor  with average increases of 69.4–164.4% 
and 48.6–113.1%, respectively, when helical tape height  increases from 0.275 to 1, and with average increases 
of 78.1–183.2% and 67.6–99.2%, respectively, when decreases from 1 to 0.333. Other works discussed the heat 
exchanger and inserted tapes [8-15]. 

NUMERICAL MODELING  

To estimate the hydraulic and heat transfer performance of the double pipe heat exchanger was used the 
software programs package SOLIDWORKS PREMIUM 2016 for the numerical analysis. Three-dimensional 
geometry of heat exchanger parts is shown in fig. (1). To estimate the governing equations, for both eddy flow 
and boundary layers, the available finite difference procedures was used. According for modeling the process 
there is some assumptions should be taken for the flow and the equations of energy as following. Steady state 
conditions, the process is adiabatic which means no heat loses, there is no generated in heat, no change in phase, 
the influence of gravity is taken because the heat exchanger was manufactured to be carried in a vertical way, 
the flow in the double pipe is counter and Neglect the effect of radiation.   

 

Figure 1. Three-dimensional model of heat exchanger parts. 

Table 1. The dimension of helical tape for present work and twisted tape from previous work 

Present work Previous work 
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Helical tape Pitch (Pt) Twisted tape Pitch (Pt) (w) Twist ratio (Pt/w) 
Ht 1 11cm Tt 1 0.15 m 10cm 1.5 
Ht 2 14cm Tt 2 0.20 m 10cm 2 
Ht 3 17cm Tt 3 0.25 m 10cm 2.5 

GOVERNING EQUATIONS 

To achieve the Numerical analysis, SOLIDWORKS PREMIUM 2016 CFD package was used, by using (FANS) 
equations, which is an abbreviation of the Favre Averaged Navier Stokes, much information should provide 
since Reynolds’s stress show up in (FANS), the k model equation used to solve these systems of equations. The 
software provides a system with one equation to show both laminar and turbulence of the flow, which is 
Appropriate for high turbulent flow cases [16]. 

Continuity equation  

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜕𝜕𝑢𝑢𝑖𝑖)
𝜕𝜕𝑥𝑥𝑖𝑖

= 0                                                                                                                                                       (1) 

 Momentum equation    

 𝜕𝜕𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝜕𝜕

+ 𝜕𝜕
𝜕𝜕𝑥𝑥𝑗𝑗

�𝜌𝜌𝑢𝑢𝑖𝑖𝑢𝑢𝑗𝑗� + 𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

= 𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

 �𝜏𝜏𝑖𝑖𝑗𝑗 + 𝜏𝜏𝑖𝑖𝑗𝑗𝑅𝑅 � + 𝑆𝑆𝑖𝑖       𝑖𝑖 = 1,2,3                                                                               (2) 

Energy equation: 

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜕𝜕𝑢𝑢𝑖𝑖𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

= 𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

�𝑢𝑢𝑗𝑗�𝜏𝜏𝑖𝑖𝑗𝑗 + 𝜏𝜏𝑖𝑖𝑗𝑗𝑅𝑅 � + 𝑞𝑞𝑖𝑖� + 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
− 𝜏𝜏𝑖𝑖𝑗𝑗𝑅𝑅

𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

+ 𝜌𝜌𝜌𝜌 + 𝑆𝑆𝑖𝑖𝑢𝑢𝑖𝑖 + 𝑄𝑄𝜕𝜕                                                             (3) 

𝐻𝐻 = ℎ +
𝑢𝑢2

2
 

Where; mass distributed external force is; 

  𝑆𝑆𝑖𝑖 = 𝑆𝑆𝑖𝑖
𝜕𝜕𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑝𝑝 + 𝑆𝑆𝑖𝑖

𝑔𝑔𝑝𝑝𝑔𝑔𝑔𝑔𝑖𝑖𝜕𝜕𝑔𝑔 + 𝑆𝑆𝑖𝑖𝑝𝑝𝑝𝑝𝜕𝜕𝑔𝑔𝜕𝜕𝑖𝑖𝑝𝑝𝑟𝑟 

And,  

𝑆𝑆𝑖𝑖
𝑔𝑔𝑝𝑝𝑔𝑔𝑔𝑔𝑖𝑖𝜕𝜕𝑔𝑔 = −𝜌𝜌𝑔𝑔𝑖𝑖  

For Newtonian fluids the viscous shear stress tensor is; 

𝜏𝜏𝑖𝑖𝑗𝑗 = 𝜇𝜇 �𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

+
𝜕𝜕𝑢𝑢𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

− 2
3
𝑆𝑆𝑖𝑖𝑗𝑗

𝜕𝜕𝑢𝑢𝑘𝑘
𝜕𝜕𝑥𝑥𝑘𝑘

�                                                                                                                                   (4) 

Following Boussinesq assumption the Reynolds-stress tensor is: 

𝜏𝜏𝑖𝑖𝑗𝑗𝑅𝑅 = 𝜇𝜇𝜕𝜕 �
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

+
𝜕𝜕𝑢𝑢𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

− 2
3
𝑆𝑆𝑖𝑖𝑗𝑗

𝜕𝜕𝑢𝑢𝑘𝑘
𝜕𝜕𝑥𝑥𝑘𝑘

� − 2
3
𝜌𝜌𝜌𝜌𝑆𝑆𝑖𝑖𝑗𝑗                                                                                                                (5) 

Turbulent eddy viscosity: 

 𝜇𝜇𝜕𝜕 = 𝑓𝑓𝜇𝜇
𝐶𝐶𝜇𝜇𝜕𝜕𝑘𝑘2

𝜀𝜀
                                                                                                                                                         (6)                                                                            

Turbulent viscosity factor: 

𝑓𝑓𝜇𝜇 = (1 − exp�−0.0165𝑅𝑅𝑔𝑔�) 2. �1 + 20.5
𝑅𝑅𝑇𝑇
�                                                                                                            (7) 

The following constants are defined empirically; in flow simulation these typical values are used  𝐶𝐶𝜇𝜇 =
0.09,𝐶𝐶𝜀𝜀1 = 1.44,𝐶𝐶𝜀𝜀2 = 1.92,𝜎𝜎𝜀𝜀 = 1.3,𝜎𝜎𝑘𝑘 = 1  

Preformation of Boundary Condition 

There are several conditions that must be fulfilled to demonstrate the performance of the heat exchanger: 
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 1. Inlet boundary conditions:  
Air velocity is (13, 20, 27 and 34) m/s, oil mass flow rate is (0.1) kg/s, the temperature inlet of heavy fuel oil at 
outer tube is (313 K), while the inlet air temperature at inner tube is (600 K).  
 2. Boundary conditions of Pressure outlet: it is particular for air side outlet and oil side exit. 
3. Wall boundary condition:  
No slip boundary condition is fixed to the inner tube wall. 
The above conditions are used to bind the liquid and solid area.  

Mesh independent   

Finite volume method was used and the mesh cells (the control volumes) are rectangular parallelepipeds. Cut 
cells approach is used at the intersection area between solids and liquids or near geometry boundaries on the 
original parallelepiped cells to form polyhedrons cells. In order to check the effect of mesh size on the results, 
six mesh sittings with total number of cells (150,826), (303,612), (450,198), (986,642), (1,568,864) and 
(2,473,988) were initially considered, the results of heat transfer rate were compared with the fine mesh settings 
and the intermediate mesh settings with (450,198) cells for plain tube had been chosen for all simulation cases to 
save the time required for simulation and giving the same results with less than (0.5% deviation) by comparing 
it with the finest mesh. Noticing that at the same mesh settings the mesh cells were, (450,198), (491,482), 
(512,074) for plain tube, twisted tape and helical tape. 

Validation  

The validation is made by comparing the results of Nusselt number obtained from the numerical simulation of 
Solidworks program 2016 for previous work [17] with the Nusselt number from numerical simulation results for 
the current study at the same conditions and the same variables. The results were identical, with a slight 
difference not exceeding (3%) as shown in figure (2). 

 

Figure 2. Validation of Nusselt simulation results for previous work with the result of present work. 

RESULT AND DISCUSSION 

Velocity and Vectors Contours 

Figure (3.a.b.c) shows the vectors of velocity for many sections of heat exchanger for three cases plain tube, 
twisted tape, helical tape inserted, in case of plain tube (3.a) the spread points mean there is no tangential 
velocity inside the interior pipe. In case of twisted tape as in (3.b) and helical tape as in (3.c) shows that the 
helical tape inserted form supreme tangential velocity and cause high flow motion near the inner wall more than 
and over the full length of the axis of flow. Figure (4.a) illustrate that in case of plain tube there is almost no 
tangential velocity, it increases by using twisted tape at low twisted ratio as in (4.b), but it gives maximum 
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increasing in tangential velocity by using helical tape at smaller helical pitch as in (4.c). This result show that 
the using of helical works on increasing the tangential velocity beside the wall of internal tube and made high 
eddy flow more than the twisted tape.  

 

Figure 3. Velocity vectors in case of, (a) plain tube, (b) twisted tape, (c) helical tape. 

 

Figure 4. Contours of tangential velocity for the heat exchanger with (a) plane tube, (b) twisted tape, (c) helical 
tape. 

Temperature Contours and flow trajectories 

It is important to work on an analysis the temperature distribution inside the inner tube to know the effect of 
adding helical and twisted tapes on the heat transmission and comparing it with the plain tube. The flow of air 
on the tube It can split into two regions, the core region and the and area beside the wall. Using twisted tape will 
provide good mixing for liquid temperature in the core area and near the wall area. This blending will be 
thinning the boundary layer near the wall and enhance the heat transferred between the liquid and wall of the 
tube. Figure (5.a) represent the plain tube, it is clear that the temperature is concentrated in the core region and 
there is no mixing between the core and the region near the wall, (5.b) show the heat distribution in case of 
using twisted tape which is obvious it gives low fluid mixing between both regions as compared with helical 
tape in (5.c) which increase the heat transferred as compared with twisted tape inserted. 
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Figure 5. Temperature contours for the heat exchanger for (a) smooth tube, (b) twisted tape (c) helical tape. 

 Figure (6.a.b.c) shows the difference in air temperatures in the inner tube from the entrance to the exit area with 
respect to the temperature scale for the three cases, (6.a) smooth pipe, (6.b) twisted tape and (6.c) helical tape 
inserted, and it also shows the circulation flow, which leads to effective blending inside the tube, make a 
uniform temperature of the core and increasing the temperature difference between the liquid and the tube wall. 

 

(a) 

 
(b) 
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(c) 

Figure 6. (a) Trajectories of flow for inner tube of a plain tube; (c) Trajectories of flow case of helical tape; (b) 
Trajectories of  flow for inner tube for  twisted tape. 

The enhancement of heat transfer rate, over all heat transfer coefficient and Nusselt number 

The using of helical tape with central rod enhances the heat transfer rate by creates swirls flow and increase flow 
path length that allow for extra time for heat transfer along the vertical heat exchanger, it is also increase 
turbulence and reduce the thermal boundary layer thickness near the wall by increasing tangential velocity and 
enhance heat transfer rate. Figure 7 shows the heat transferred rate facing Reynolds number (64883 to 25148) 
for three helical tape pitches (11, 14, 17) cm compared with both, plain tube and different twisted tapes ratio 
(15,10 ,25) cm [16]. The higher heat transfer rate was 7317.137 W at minimum helical tape pitch (11 cm) and 
Reynolds number (64883), for the same Reynolds number the maximum heat transfer rate at minimum twisted 
tape ratio (1.5) is 5568.731 W and 4502.31 W for plain tube. 

 

Figure 7. Heat transfer rate verses (Re) for different helical tape pitches and twisted tape ratio compared with 
plain tube. 
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The enhancement percentage for heat transferred represented by table (1), at the same mass flow rate of oil (0.1 
kg/s) and inlet hot air temperature 600 K. The maximum percentage of heat transfer enhancement (62.51%) for 
helical tape with smaller pitch (11) cm while it is (23.68%) for smaller twisted tape ratio (1.5) at the same air 
inlet velocity (34 m/s). 

Table 2. Heat transferred enhancement percentage verses helical tape pitches and twisted tape ratios for 
different air velocity. 

Heat transferred enhancement percentage 

Oil flow rate (0.1 kg/s) 

Air inlet 
temp. 
600 K 

Air inlet 
velocity (m/s) 

Present work Previous work [17] 

ht 11 ht 14 ht 17 tt 15 tt 20 tt 25 

34 62.51  49.28  42.50  23.68  18.40  11.14  
27 64.15  53.40  48.23  22.45  16.72  14.33  
20 65.28  54.81  44.40  24.94  18.99  17.80  
13 61.425 45.51  39.68  26.59  20.74  19.16  

 
The great heat transfer rate obtained from helical tape, over all heat transfer coefficient is higher too due the 
value of it directly proportional to the heat transfer rate. Assuming the heat transfer surface and temperature 
difference remains unchanged, as show in figure (8). (U) for plain tube is (32.473) W/m2.K at higher Reynolds 
number (64883.15), which is smaller value compared with (45.482 and 57.038) W/m2.K for twisted tape ratio 
(1.5) and helical tape pitch (11) cm respectively. 

 

Figure 8. Over all heat transfer rate facing Reynolds number for three helical tape pitches and three twisted tape 
ratios compared with smooth pipe. 

Figure (9) pointing to the variation of Nusselt number at four values of Reynolds numbers with three helical 
tape pitches and compares them with the with three twisted tape ratio and plain tube cases.  The highest value of 
(Nu) was 396.186 at (Re) 64883.15 and with helical tape pitch (11) cm, for the same Reynolds number the 
maximum Nusselt number to the twisted tape ratio (1.5) is 285.43 and 152.7 for plain tube.  
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Figure 9. Variation of Nusselt number at four values of Reynolds numbers for (a) smooth pipe (b) twisted tape 
(c) helical tape. 

Table 2 shows that the better enhancement percentage for Nusselt number when helical tape is used at lower 
pitches (11) and Reynolds number 64883.15. That’s means the relationship between (Re) and the Nu 
enhancement is direct, in case of helical tape when pitches decrease, this is the opposite of what happened in the 
case of using twisted tape with lower twisted ratio where the improvement increase when (Re) go down.  

Table 3. Nusselt number enhancement percentage verses helical tape pitches and twisted tape ratios for different 
air velocity. 

Nu enhancement percentage (%) 

Oil flow rate (0.1 kg/s) 

Air inlet 
temp. 
600K 

Air inlet 
velocity (m/s) 

Present work Previous work [17] 

ht 11 ht 14 ht 17 tt 15 tt 20 tt 25 

34 159.4  124.46 104.15 86.92 70.72 22.12 
27 147.99 117.45 99.17 79.56 66.54 23.41 
20 140.29 111.52 92.62 84.24 69.27 28.17 
13 135.60 109.12 92.98 106.06 77.56 40.97 

 
Figures (10) indicates the change of convection heat transfer coefficient with four values of Reynolds numbers 
with three helical tape pitches and compare it with the plain tube and three twisted tape ratios. The maximum 
(h) for air side for helical tape with pitch (11) cm which is (161.11) W/m2.K at Reynolds number 64883.15 
when comparing with (64.92 and 114.462) W/m2.K for twisted tape ratio (1.5) and plain tube respectively. 



Numerical study of helical tape inserts for air to oil double pipe heat exchanger 

216 
 

 

Figure 10. Convection heat transfer coefficient facing Reynolds number for (a) smooth tube (b)twisted tape (c) 
helical tape. 

Table (3) indicates that at Reynolds number 64883.15 better enhancements in heat transfer coefficient is 148.16 
% happens in helical tape with pitch (11) cm. 

Table 4. Convection heat transfer coefficient enhancement percentage verses helical tape pitches and twisted 
tape ratios for different air velocity. 

 Percentage enhancement of heat transfer coefficient (%) 

Oil flow rate (0.1 kg/s) 

Air inlet temp. 
600K 

Air inlet velocity 
(m/s) 

Present work Previous work [17] 

ht 11 ht 14 ht 17 tt 15 tt 20 tt 25 

34 148.16 114.70 95.27 76.31 60.50 22.39 
27 134.98 106.05 89.15 69.23 56.85 22.83 
20 125.37 98.39 80.62 73.11 59.05 27.33 
13 117.97 93.94 80.99 91.68 67.13 39.74 

Effect of insert helical and twisted tape on pressure drop 

The pressure drop inside the inner pipe where air is flow increase when helical tape pitch decrease and Reynolds 
number increase. The maximum pressure drop is (1208.1 pa) at pitch (11) cm and Reynolds number (64883.15) 
which is high as compared with (52.81 pa) for plain tube as shown in figure (11). And as compared the pressure 
drop for twisted tape with plain give low increase in pressure drop (712.36 Pa) (for minimum twisted ratio for 
twisted tape) as figure (12) was illustrated.  
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Figure 11. Pressure drop verses Reynolds number for different helical tape pitches and compared it with plain 
tube. 

 

Figure 12. Pressure drops verses Reynolds number for different twist ratios of Twisted tape and compared it 
with plain tube. 

Comparison of Nusselt number results from simulation with existing correlation predictions  

The results of the Nusselt number that obtained from numerical simulation using the SolidWorks program 2016 
were compared with the Nusselt number obtained from existing correlation predictions as in fig. (13). The 
difference between the correlation and the simulation results of Nusselt number for air side are less than 10%. 
The three correlations were (Dittus Boelter's, Gnielinski's and Petukhov's) [16], [4] in terms of Nusselt number 
(Nu), Reynolds number (Re) and Prandtl number (Pr): 

Dittus-Boelte correlation                                                                                         

𝑁𝑁𝑢𝑢 = 0.023 𝑅𝑅𝑅𝑅0.8𝑃𝑃𝑃𝑃0.3                                                                                                                                         (8) 

Gnielinski's correlation 



Numerical study of helical tape inserts for air to oil double pipe heat exchanger 

218 
 

𝑁𝑁𝑢𝑢 =
�𝑓𝑓8�(𝑅𝑅𝑅𝑅−1000)𝑃𝑃𝑝𝑝

1+12.7(𝑃𝑃𝑝𝑝0.667−1)(𝑓𝑓8)0.5
                                                                                                                                     (9) 

Petukhov's correlation 

𝑁𝑁𝑢𝑢 =
�𝑓𝑓8�𝑅𝑅𝑅𝑅 𝑃𝑃𝑝𝑝

𝐶𝐶+12.7(𝑃𝑃𝑝𝑝0.667−1)(𝑓𝑓8)0.5
                                                                                                                                   (10) 

Where   𝑓𝑓 = (0.79 ln(𝑅𝑅𝑅𝑅) − 1.64)−2 

           𝐶𝐶 = 1.07 + 900
𝑅𝑅𝑅𝑅

− 0.63
(1+10Pr)

 

 

Figure 13. Comparison of numerical results with existing correlation predictions. 

CONCLUSIONS   

In the present study, a numerical study by using SOLIDWORKS PREMIUM 2016 package programs was 
adopted to study the thermo hydraulic performance of a double pipe heat exchanger with helical tape as an 
enhancement device then compared the results with both of plain tube and twisted tape inside the inner tube for 
the same heat exchanger. The following conclusions were drawn from the obtained results: 

1. The helical tape inside the inner tube led to increase the air flow turbulent which leads to increase the 
tangential velocity near the wall and thinning the boundary layer which increase the heat transfer rate. 
Decreasing the tape pitches increase the helical path length and consequently the turbulent, heat transfer rate, 
Nusselt number, convection heat transfer coefficient and pressure drop increase. 

2. Helical tape with smaller pitch (11) cm and higher Reynolds number (64883.15) result in a higher heat 
transfer rate and overall heat transfer coefficient (7317.137 W and 57.038 W/m2.K) respectively as compared 
with (4502.31W, 32.473 W/m2.K and 5568.731W, 45.482 W/m2.K) respectively for plain tube and twisted tape 
with lower twisted tape ratio (1.5) for the same parameter above and under same boundary conditions. 

3.The maximum enhancement percentage in Nussselt number and convection                 heat transfer coefficient 
is (159.4 % and 148.16 %) respectively for helical tape with smaller pitch (11cm) and high Reynolds number 
(64883.15), while for the twisted tape with twisted ratio (1.5) they are (86.92 % and 76.31%) respectively for 
the same parameter above and under same boundary conditions. 

4. Helical tape with smaller pitch (11 cm) and higher Reynolds number (64883.15) result in a higher pressure 
drop (1208.1 Pa) for the hot air inside inner tube as compared with (52.81 Pa and 712.36 Pa) respectively for 
plain tube and twisted tape (with minimum twisted ratio 1.5). 
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