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Abstract— In various engineering applications such as heat 

exchanger, air conditioning, chemical reactors and 

refrigeration systems, heat transfer enhancement techniques 

are popularly used. This paper reports a multi-objective 

optimization of a shell and tube type heat exchanger with 

elliptical twisted tube geometry, which has been compared 

with cylindrical tube geometry. A series of experimental runs 

has been constructed with respect to constant mass flow rate 

0.25kg/s of Cold water and varying mass flow rate of Hot 

water from 0.05, 0.15, 0.25, 0.35, 0.45kg/s to study the effect 

of geometrical and flow parameters on heat transfer using 

RNG k-ε turbulence model. It is found that twisted elliptical 

tube have higher heat transfer coefficient and pressure drop 

than the smooth cylindrical tube. This modified techniques 

are the new development directions of heat transfer 

enhancement. The appropriate twisted elliptical tube 

modification is necessary for heat transfer enhancement with 

pressure loss penalty at a reasonable level. 
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I. INTRODUCTION 

Global warming and pollutant emission caused by the 

consumption of oil, gas and coal. More efficient engines with 

less waste heat are being developed by engineers. As a 

general device, the heat exchanger plays an important role in 

the heat recovery process as in air conditioning, refrigeration 

systems, and thermal power plants. System efficiency as well 

as its cost are influenced by the performance of the heat 

exchanger. Therefore, it is important to enhance the heat 

transfer performance to achieve sustainable energy 

development. 

 
Fig. 1: Tube and Shell type Heat Exchanger (Counter Flow) 

Heat transfer methods can be classified into three 

broad categories: active, passive and compound methods. 

The active method involves some external power input for the 

enhancement of heat transfer. On the contrary, the passive 

method can enhance the heat transfer by using modified 

surfaces or geometries such as rough surfaces, extended 

surfaces, tube inserts, etc. As the name implies, the 

compound method combines the passive method with the 

active method.  

 
Fig. 2: Cross-section of Elliptical tube- (a) Major and Minor 

Axis, (b) Twist Pitch (36.66mm) 

Heat transfer enhancement inside ducts is very 

important for improving the thermal performance of heat 

exchange devices. It is usually obtained by creating some 

rotational motions in the flowing fluid. These swirl flows are 

usually initiated by the fluid turbulators. Twisting non- 

circular ducts, i.e. twisted channels, is the other technique to 

produce the swirl flows. The twisted channels are usually 

made into the elliptical cross section with a superimposed 

twist, as depicted in Fig. 1. Usually, the twisted channels can 

increase the heat transfer coefficient of the tube side and 

decrease the pressure drop of the shell side. Consider- able 

experimental and numerical reports about the shell side of the 

twisted channel heat exchangers can be found in literature. 

However, in terms of the tube side, studies are very scarce. 

II.  LITERATURE REVIEW 

1) Cheng et al. [1] employed the low Reynolds k-e model 

to investigate heat transfer and flow characteristics of 

water flow inside twisted oval tube for Reynolds number 

in the range of 50–2000. Three dimensional numerical 

study is conducted to study the effects of the geometric 

parameters on the performance of twisted oval tube for a 

uniform wall temperature case. The flattening of 1.2, 1.4, 

1.63, 1.8 and 2.0, and the twisted pitch ratio of 0.17, 0.25, 

0.33 and 0.5. Local distributions of Nusselt number and 

friction factor are presented by him. He applied the filed 

synergy principle to reveal heat transfer enhancement 

mechanism. The results show that the heat transfer 

performance of twisted oval tube has been enhanced 

while having an increasing of pressure drop. One of the 

key findings of his study is that laminar to turbulent flow 

transition point was identified and located at Re = 500. 

The fluid is in laminar states with Reynolds number 

range of 50–250, while the fluid is in turbulent flow 

when the Reynolds comes to 500–2000. He also found 

that the twisted oval tube performs well compared with 

the smooth tube due to the effect of secondary flow. 

2) Li Zhang et al. [2] conducted an experimental research 

to investigate the heat transfer characteristics of steam 

condensation on horizontal twisted elliptical tubes 

(TETs) with different structural parameters. Experiments 

were carried out at the steam saturation temperature of 

around 100.5°C with the wall subcooling from around 

2°C to 14°C. Experimental results indicate that the 

condensation heat transfer coefficients for all the tubes 
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reduce with the increase of wall subcooling, while the 

enhancement factor of each TET is almost constant. Not 

all the tested TETs have better condensation heat transfer 

performance than the smooth circular tube, the average 

enhancement factors provided by the five TETs range 

from 0.87 to 1.34. Condensation heat transfer 

coefficients increase with the rise of the tube ellipticities. 

3) R. Deepak kumar et al. [3] conducted a three-

dimensional numerical study on finned-tube heat 

exchangers with multiple-rows of tubes. The effect of 

different combinations of circular and elliptical tubes on 

air-side flow and heat transfer characteristics are studied 

with various inlet air velocities in the range, 0.5 to 2.5 

m/s. The results are presented in the form of Nusselt 

number, friction factor and synergy angle. The results 

show that at a low inlet velocity, elliptical tube followed 

by circular tube is a better alternative for heat exchangers 

with circular tube alone. 

4) S. Eiamsa et al. [4] performed the effects of twisted tube 

combined with twisted tape on heat transfer and studied 

the twisted tubes fitted with tape in belly‐ to‐ neck and 

belly‐ to‐ belly forms and the tape in belly‐ to‐ neck 

form at w/D = 0.34 possesses the highest thermal 

performance. The numerical results of a twisted tube 

without tape and a circular plain tube are also given for 

comparison. The results are reported in terms of velocity 

field, temperature field, turbulent kinetic energy, local 

Nusselt number distribution, average Nusselt number, 

pressure loss and thermal performance factor. It is found 

that heat transfer and friction factor increase with tape 

width ratio. At a given tape width, the systems in 

bellytoneck arrangement are more efficient for heat 

transfer enhancement than the ones in belly-to-belly 

arrangement. The three-start spirally twisted tubes with 

twisted tapes in belly-to-neck arrangement at w/D = 0.1, 

0.25 and 0.34 give higher Nusselt numbers than the 

twisted tube without tape up to 1.2%, 21% and 36%, 

respectively. The twisted tubes with triple-channel 

twisted tape in belly-to-belly arrangement provide higher 

Nusselt numbers than the twisted tube without tape up to 

1.23%, 6.7%, 10% and 17%, respectively. The superior 

heat transfer of the combined devices in belly-to-neck 

arrangement (especially at large w/D) is attributed to the 

stronger interaction between the swirling flows induced 

by the tubes and those induced by the tapes. Moreover, 

the systems in belly-to-neck arrangement cause lower 

friction loss than the ones in belly-tobelly arrangement. 

Thus, the systems in belly-to-neck arrangement yield 

higher thermal performance factors. Among the studied 

cases, the twisted tube combined with triple-channel 

twisted tape in belly-to-neck arrangement at w/D = 0.34 

possesses the maximum thermal performance of 1.32 at 

Reynolds number of 5000. 

5) Anucha Saylroy et al. [5] did a numerical study of 

enhancing heat transfer and thermal performance of in a 

circular tube inserted by square cut twisted-tapes in 

comparison with that inserted by classical twisted tapes. 

The study was carried out for a turbulent periodic flow 

in a three-dimensional constant heat flux-wall tube. The 

influences of square cut twisted-tape geometries 

including perforated width to tape width ratios (WR = 

w/W = 0.5, 0.6, 0.7, 0.8 and 0.9) and perforated length to 

tape width ratios (LR = L/W= 0.7, 0.8 and 0.9) were 

determined. The main findings are that the heat transfer 

and pressure loss increase with decreasing perforated 

width to tape width ratio (WR) and perforated length to 

tape width ratio (LR) while thermal enhancement factor 

(TEF) increases as WR increases. The highest thermal 

enhancement factor (TEF) of 1.37 is achieved by using 

square-cut twisted tapes at the largest perforated width to 

tape width ratio (WR = 0.9) and the smallest perforated 

length to tape width ratio (LR = 0.7) at Reynolds number 

(Re) of 7000. The highest thermal enhancement factor 

(TEF) is around 1.32 times over than that given by the 

classical twisted tape. 

III. METHODOLOGY 

A. Model Geometry: 

Using Design Modeler (Ansys 17.0), two Geometries were 

made. A Tube and Shell type Heat Exchanger with the Tube 

Geometry of Circular and Elliptical Twisted type. Total 

length of the tube used in this geometry was 220mm. 3 

Buffles used with the pitch of 54.875mm. Total number of 

tubes used in this analysis were 5. 

 

 
Fig. 3: (a) Cylindrical Tube Heat Exchanger, (b) Elliptical 

Twisted Tube Heat Exchanger 

The configurations of the Shell and Tube type Heat 

Exchanger with Cylindrical and Elliptical Twisted tubes are 

shown respectively in Fig.3(a) and (b). The size of the current 

Shell and Tube type Heat Exchanger is small, thus the 

computation load of modelling the whole device for the two 

type of tube geometries can be tolerated. Another one point 

should be highlighted that baffle spacing of the three 

modelled heat exchangers is kept the same with each other, 

which is to ensure all of the values of geometry parameters 

are consistent except the geometry of tube. It could be 

believed that under the same conditions, comparisons 

between the two different tube types are more convincing. 

The material of the shell is aluminium and for tubes and 

baffle material selected is copper. The working fluid in both 

the shell and tube side of the heat exchanger is water. 

Fig.4 shows the meshing formed in Fluent after the 

setup of Fine element sizing with High smoothing 

characteristics. Total number of elements formed are 188003 

and nodes are 823455 for Cylindrical tube and total number 
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of elements formed are 371019 and nodes are 1728415 for 

Elliptical twisted tube type. 

Water is considered as a Newtonian and 

incompressible fluid with constant thermo-physical 

properties. Furthermore, the fluid flow and heat transfer 

processes are turbulent and in steady-state. The viscous 

heating and compression work are both trivial and thus are 

neglected in the energy equation. The heat exchanger is 

assumed to be newly built and thus has a negligible fouling 

resistance. The leakage between tube and baffle and between 

baffle and shell is negligible and thus ignored. 

 
Fig. 4: (a) Meshing of All Parts of Heat Exchanger 

In this study, a hydrodynamic model based on the 

unstructured-grid finite volume method was developed using 

ANSYS Fluent software. This model was based on the 

numerical solution of continuity, momentum and energy 

equations.  

 
Fig. 4: (b) Meshing of Tube, Buffles and Cups 

 
Fig. 4: (c) Meshing of Shell of Heat Exchanger 

RNG k–ɛ turbulence model is adopted in the current 

study. The renormalization group (RNG) k–ɛ model of 

Yakhot and Orszag is adopted in the simulation because the 

model provides improved predictions of near-wall flows. The 

RNG k– ɛ model was derived by a statistical technique called 

renormalization method, which is widely used in industrial 

flow and heat transfer because of its economy and accuracy. 

The governing equations for continuity, momentum, energy, 

k and ɛ in the computational domain can be expressed as 

follows: 

Continuity equation: 
𝜕𝜌

𝜕𝑥
+ 𝑑𝑖𝑣(𝜌𝑢) = 0 

Momentum equations: 

 

X-Momentum equation:  
𝜕(𝜌𝑢)

𝜕𝑥
+ 𝑑𝑖𝑣(𝜌𝑢𝑢) = −

𝜕𝑝

𝜕𝑥
+

𝑑𝑖𝑣(𝜇𝑔𝑟𝑎𝑑𝑢) + 𝑆𝑀𝑥 

Y-Momentum equation:  
𝜕(𝜌𝑣)

𝜕𝑦
+ 𝑑𝑖𝑣(𝜌𝑣𝑢) = −

𝜕𝑝

𝜕𝑦
+

𝑑𝑖𝑣(𝜇𝑔𝑟𝑎𝑑𝑣) + 𝑆𝑀𝑦 

Z-Momentum equation:  
𝜕(𝜌𝑤)

𝜕𝑧
+ 𝑑𝑖𝑣(𝜌𝑤𝑢) = −

𝜕𝑝

𝜕𝑧
+

𝑑𝑖𝑣(𝜇𝑔𝑟𝑎𝑑𝑤) + 𝑆𝑀𝑧 

Energy equation: 
𝜕(𝜌𝑖)

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝑖𝑢) = −𝑝𝑑𝑖𝑣𝑢 +

𝑑𝑖𝑣(𝑘𝑔𝑟𝑎𝑑𝑇) + Φ + 𝑆𝑖  

Turbulent kinetic energy:      
𝜕(𝜌𝑘)

𝜕𝑡
+

𝜕(𝜌𝑘𝑢𝑗)

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝑘
)

𝜕𝑘

𝜕𝑥𝑗
] + 𝜂𝑡

𝜕𝑢𝑖

𝜕𝑥𝑗
(

𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
) − 𝜌𝜀 

Turbulent dissipation energy: 
𝜕(𝜌𝜀)

𝜕𝑡
+

𝜕(𝜌𝜀𝑢𝑗)

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝜀
)

𝜕𝜀

𝜕𝑥𝑗
] + 𝐶1

∗ 𝜀

𝑘
𝜂𝑡

𝜕𝑢𝑖

𝜕𝑥𝑗
(

𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
) − ∁2𝜌

𝜀2

𝑘
 

Where 

𝜇𝑡 = 𝜌𝐶𝜇
𝑘2

𝜀
 , 𝐶1

∗ = 𝐶1 −
𝜂(1−𝜂∕𝜂0)

1+𝛽𝜂3  ,𝜂 = (2Ε𝜄𝑗 ∗ Ε𝜄𝑗)
1

2 𝑘

𝜀
 

,Ε𝜄𝑗 =
1

2
[

𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
] 

𝐶𝜇 = 0.085,         𝐶1 = 1.42,            ∁2= 1.68,

𝛽 = 0.012,          𝜂0 = 4.38 

B. Domains definitions, meshes and boundary conditions:  

As mentioned before, two STHXs with different tube types 

are modelled. In this study, four domains are defined, two 

fluid domain (water in the tube and shell side) and two solid 

domains (tubes bundle, shell). The computational domain is 

meshed with unstructured tetrahedral grid Fig.4 and 5, which 

are generated using the ANSYS MESHING tool. The quality 

of the mesh for each STHX (elements quality, skewness) was 

evaluated using the built-in Mesh Metrics in ANSYS 

MESHING. 

The momentum boundary condition of no slip and 

no penetration is set for all the solid walls. The thermal 

boundary condition of zero heat flux is set for the shell wall 

and inlet and outlet nozzle walls, while the walls of tubes, 

baffles, and tube bundle, which also represent the solid-fluid 

interfaces between the two fluid domain and the solid 

domain, have the thermal boundary condition of coupling 

heat transfer (two interfaces with coupled wall). The inlets for 

the shell and tube sides are set as boundary conditions of mass 

flow inlet, the outlets are set as pressure-outlet. The outlets 

are assumed to have a pressure of zero so the inlet pressure is 

equal to the pressure drop on both shell and tube sides. 

The ANSYS FLUENT 17.0 is used to calculate the 

fluid flow and heat transfer in the computational domains. 

The governing equations are iteratively solved by the finite-

volume formulation with the SIMPLE algorithm. The 

second-order upwind scheme is adopted for the momentum, 

energy, turbulence and its dissipation rate. The pressure term 

is treated with the standard scheme. Default under relaxation 

factors of the solver are used, which are 0.3, 0.7, 0.8, and 0.8 

for the pressure, momentum, turbulent kinetic energy, and 

turbulent energy dissipation, respectively. The convergence 

criterion is that the normalized residuals are less than 1e-4 for 

the flow equations and 1e-8 for the energy equation. 
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IV. RESULTS AND DISCUSSIONS 

As per the methodology mentioned above, total 5 

experiments have been carried out in a system consist of 6GB 

DDR3-1333Mhz Ram, intel Core i5 – 2.8Ghz Processor with 

4 Logical Cores. This whole experiments took approximately 

360hrs of time for completion. 

A. Experiments on Cylindrical tube and shell Heat 

Exchanger: 

1) For mass flow rate m = 0.05 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

2) For mass flow rate m = 0.15 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

3) For mass flow rate m = 0.25 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

4) For mass flow rate m = 0.35 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

5) For mass flow rate m = 0.45 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

Mass Flow Rate 

(kg/s) 
0.05 0.15 0.25 0.35 0.45 

Cold-Water Inlet 

(Pa), a 

360

20 

358

17 

357

52 

356

75 

3562

6 

Cold-Water Outlet 

(Pa), b 

137

34 

137

82 

137

97 

137

90 

1387

5 

Difference (Pa), a-

b 

222

86 

220

34 

219

55 

218

85 

2175

0 

Hot-Water Inlet 

(Pa), c 

150

3 

133

50 

365

42 

711

01 

1171

09 

Hot-Water Outlet 

(Pa), d 
555 

504

9 

140

24 

274

75 

4572

8 

Difference (Pa), c-

d 
947 

830

1 

225

18 

436

26 

7138

1 

Table 1: Total Pressure Table for Cylindrical Tube and Shell 

Heat Exchanger 

Mass Flow Rate 

(kg/s) 
0.05 0.15 0.25 0.35 0.45 

Cold-Water Inlet 

(Pa), a 
303 303 303 303 303 

Cold-Water Outlet 

(Pa), b 

305.

47 

306.

35 

307.

18 

307.

81 

308.

01 

Difference (Pa), a-

b 
2.47 3.35 4.18 4.81 5.01 

Hot-Water Inlet 

(Pa), c 
353 353 353 353 353 

Hot-Water Outlet 

(Pa), d 

341.

47 

347.

36 

348.

79 

349.

53 

350.

2 

Difference (Pa), c-

d 

11.5

3 
5.64 4.21 3.47 2.8 

Table 2: Total Temperature Table for Cylindrical Tube and 

Shell Heat Exchanger 

B. Experiments on Elliptical Twisted tube and shell Heat 

Exchanger: 

1) For mass flow rate m = 0.05 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

2) For mass flow rate m = 0.15 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

3) For mass flow rate m = 0.25 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

4) For mass flow rate m = 0.35 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

5) For mass flow rate m = 0.45 for Hot water in tube and m 

= 0.25 for Cold water in Shell, total 2500 iterations have 

been carried out. Computed results are shown in the 

Tables 1 and 2. 

Mass Flow Rate 

(kg/s) 
0.05 0.15 0.25 0.35 0.45 

Cold-Water Inlet 

(Pa), a 

361

66 

357

77 

359

03 

363

29 

3594

0 

Cold-Water Outlet 

(Pa), b 

141

02 

139

84 

137

26 

139

84 

1378

3 

Difference (Pa), a-

b 

220

63 

217

92 

221

77 

223

45 

2215

7 

Hot-Water Inlet 

(Pa), c 

159

6 

137

49 

371

38 

733

33 

1202

55 

Hot-Water Outlet 

(Pa), d 
557 

502

1 

140

51 

273

17 

4583

1 

Difference (Pa), c-

d 

103

8 

872

7 

230

87 

460

16 

7442

3 

Table 3: Total Pressure Table for Elliptical Twisted Tube 

and Shell Heat Exchanger 

Mass Flow Rate 

(kg/s) 
0.05 0.15 0.25 0.35 0.45 

Cold-Water Inlet 

(Pa), a 
303 303 303 303 303 

Cold-Water Outlet 

(Pa), b 

305.

57 

306.

63 

307.

33 

307.

84 

308.

31 

Difference (Pa), a-

b 
2.57 3.63 4.33 4.84 5.31 

Hot-Water Inlet 

(Pa), c 
353 353 353 353 353 

Hot-Water Outlet 

(Pa), d 

340.

2 

346.

9 

348.

67 

349.

53 

350.

07 

Difference (Pa), c-

d 
12.8 6.1 4.33 3.47 2.93 

Table 4: Total Temperature Table for Elliptical Twisted 

Tube and Shell Heat Exchanger 

After successful completion of all the above 

experiments, temperature contours are obtained for both the 

cases, shown below: - 
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Fig. 5: Temperature Contour of Cylindrical STHX (All 

Parts, Outer Surface) 

 
Fig. 6: Temperature Contour of Twisted Elliptical STHX 

(All Parts, Outer Surface) 

 
Fig. 7: Temperature Contour of Cylindrical STHX (Tube 

and Hot Water Contact Surface) 

 
Fig. 8: Temperature Contour of Twisted Elliptical STHX 

(Tube and Cold Water Contact Surface) 

 Following graphs were prepared as per the data 

obtained from the surface integral of both cases. In this field 

Area- weighted average method is used for the computation 

of data and embedded excel datasheet is used to obtain the 

following Charts: - 

 

 

 
Fig. 9: Comparative Chart between Total temperature and 

Mass flow rate for Cold Water Outlet  

 
Fig. 10: Comparative Chart between Total temperature and 

Mass flow rate for Hot Water Outlet 

V. CONCLUSION 

A series of experimental runs has been constructed with 

respect to constant mass flow rate 0.25kg/s of Cold water and 

varying mass flow rate of Hot water from 0.05, 0.15, 0.25, 

0.35, 0.45kg/s to study the effect of geometrical and flow 

parameters on heat transfer. The Average trend of 5.33% 

increase in total temperature for hot water where as 0.57% 

and 5.39% drop in total pressure for Hot water and Cold water 

obtained respectively. In the same following way, Surface 

Heat Transfer Coefficient are computed and observed the 

conclusion as 8.15% increase for Contact surface between 

Hot Water and Tube, also for Contact surface between Cold 

water and Tube, an 8.16% increase is observed. The result 

show that heat transfer performance of heat exchanger has 

been enhanced while having an increase of pressure drop 

after implyng elliptical twisted tubes. 
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