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A B S T R A C T   

Shell and Helically Coiled Tube Heat Exchangers (SHCTHEXs) are utilized in energy conversion applications in 
industry and in various engineering systems. They are generally composed of a helically coiled tube and a shell 
covering it. This coiled structure of tubes, provides better heat transfer and takes less space. There is an ongoing 
interest in research on this type of heat exchangers. In this study, a new design was created modifying a simple 
type of conventional shell and helically coiled heat exchanger, by integrating discs and rings. These rings and 
discs were attached to the helically coiled tubes with the aim of performing as baffles restricting the shell side 
flow and creating turbulence. The thermal performance of a conventional heat exchanger was improved by this 
modification. The study was carried out both numerically and experimentally. At first step, two SHCTHEXs, one 
conventional; one modified, were designed with same overall geometric dimensions. Then created solid models 
were numerically simulated with same boundary conditions using ANSYS Fluent. Simulations were performed 
with various flow rates and the results were reported. According to the simulations, compared to the conven
tional one, with the modified heat exchanger 7.1% increase in average amount of heat transfer rate and around 
20% increase in overall heat transfer coefficient were obtained. With the promising results taken by simulations, 
the modified heat exchanger was fabricated with the same dimensions and it was experimentally tested with 
same conditions in laboratory to verify the simulation results. Experimental results were in harmony with the 
simulations with little differences. The average differences between simulation and experimental values in terms 
of average amount of heat transfer rate were obtained as 2.4% for 3 l/min hot fluid flow rate and 3.5% for 4 l/ 
min hot fluid flow rate. Overall heat transfer coefficient of modified SHCTHEX with circular baffles achieved in 
the range of 1050–1400 W/m2K. General outcomes of this study exhibited successful design of baffled SHCTHEX.   

1. Introduction 

Heat exchangers are widely used in industry to transfer heat from 
one energy source to another and their performance directly affects the 
system efficiency. A common type of heat exchanger in industry is called 
“Shell and Helically Coiled Heat Exchanger”. This heat exchanger is 
designed to have helically coiled tube/tubes inside a shell. Helically 
coiled tube structure creates a secondary flow inside the tubes because 
of the centrifugal force, which in turn increases the amount of heat 
transfer to the other fluid and also this construction occupies less space 
compared to straight tubes [1]. 

Shell and helically coiled tube heat exchangers (SHCTHEXs) are 
utilized in various applications at chemistry, manufacturing, food and 
beverage industries; at waste heat recovery systems, thermal power 
plants etc. [2]. Research on shell and helically coiled heat exchangers is 
still going on and there are many studies in literature. Some of the most 
relevant and up to date studies are mentioned below. 

Etghani and Hosseini Baboli [3] proposed a model to investigate the 
influence of some geometrical parameters such as coil diameter and 
pitch size on thermal and flow behavior of a SHCTHEX. Jamshidi et al. 
[4] experimentally examined the influence of factors like coil diameter 
and coil pitch at different flow rates and determined the optimum 
geometrical parameters for various working conditions. Andrzejczyk 
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and Muszynski [5] empirically surveyed the impact of applying 
continuous core-baffle modification on thermal and flow characteristics 
of a SHCTHEX. Alimoradi [6] employed exergy methodology to inves
tigate the overall characteristics of SHCTHEXs. In another work, Ali
moradi [7] experimentally and numerically analyzed thermal 
effectiveness and its relation with NTU in SHCTHEXs. Hardik et al. [8] 
fabricated a SHCTHEX and investigated the impact of geometrical fac
tors on thermohydraulic behavior of the SHCTHEX. Ramesh et al. [9] 
empirically tested a SHCTHEX to specify its thermal performance in 
absorption refrigeration system. Maghrabie et al. [10] experimentally 
investigated the effect of inclination angle on the effectiveness of a 
SHCTHEX. In another study, Maghrabie et al. [11] analyzed the in
fluences of inclination angle and using various nanofluids on the thermal 
performance of a SHCTHEX. Khorasani et al. [12] experimentally sur
veyed the impact of bubble injection on the flow and thermal charac
teristics of a SHCTHEX. Solanki and Kumar [13] experimentally studied 
the impact of using dimpled helically coiled tube on the overall behavior 
of a SHCTHEX to be utilized in condensation of R-134a. Their results 
exhibited the successful utilization of dimpled tube in terms of thermal 
performance. 

There are some methods available to improve the thermal perfor
mance of thermal systems like heat exchangers [14,15]. One of the 
widely utilized methods is integrating fins to increase heat transfer 
surface area and consequently improve heat transfer rate [16–19]. In a 
study, Andrzejczyk et al. [20] empirically analyzed the influence of 
utilizing various types of fins and baffles on the total efficiency of a 
SHCTHEX. Panahi and Zamzamian [21] utilized helical wire turbulator 
to increase turbulence intensity and consequently improving the ther
mal performance of a SHCTHEX. Their experimental findings indicated 
significant effect of wire turbulator modification on the thermal effi
ciency of the SHCTHEX. Tuncer et al. [2] developed a new type of 
SHCTHEX by adding an additional tube to the shell side of the heat 
exchanger with the aim of directing the flow to the helically coiled tube 
to enhance heat transfer. In another study, Tuncer et al. [22] utilized 
longitudinal fins to obtain more improvement for the heat transfer in the 
developed SHCTHEX. Solanki and Kumar [23] compared utilization of 
smooth and dimpled helically coiled tube in the SHCTHEX. Their results 
showed that using dimpled helically coiled tube can increase heat 
transfer rate. Andrzejczyk and Muszynski [24] proposed different types 

of baffle modifications to enhance the thermal efficiency of the 
SHCTHEX. 

In addition to the experimental studies, there are some important 
researches available in the literature that numerically investigated 
different systems [25–27]. Numerical methods like Computational Fluid 
Dynamics (CFD) makes it possible to study flow and thermal behavior of 
energy systems like heat exchangers before manufacturing them 
[28–30]. In a study, Miansari et al. [31] numerically investigated 
grooves effects on the overall efficiency of a SHCTHEX. Kumar et al. [32] 
modeled micro-finned helically coiled tubes to determine thermal and 
flow behavior. Abu-Hamdeh et al. [33] numerically modeled flow and 
thermal behavior of helically coiled tube heat exchangers by employing 
exergy method. Omidi et al. [34] simulated a SHCTHEX to specify the 
impact of utilizing tubes with lobed cross sections on the thermal and 
flow characteristics. Wang et al. [35] modeled a SHCTHEX to determine 
its thermohydraulic behavior and compared the obtained results with 
experimental findings. Mirgolbabaei [36] numerically studied the 
importance of working conditions and geometrical parameters on the 
overall behavior of a SHCTHEX. Alimoradi and Veysi [37] simulated 
heat and flow characteristics in a SHCTHEX and verified the obtained 
findings with empirical results. Abu-Hamdeh et al. [38] applied CFD 
technique to investigate overall characteristics of a sector-by-sector 
helically coiled type heat exchanger. 

Analyzing available researches in the literature showed that different 
types of fins and baffles can be used to improve the thermal efficiency of 
SHCTHEXs. However, providing appropriate fin and baffle modifica
tions is necessary to increase the overall performance of the SHCTHEXs 
because of their special design. In the present work, different from 
related studies, circular baffles (discs and rings) have been integrated 
over the helically coiled tube in order to guide the flow to the coiled tube 
with the aim of enhancing the rate of heat transfer. In this context, in the 
first step of this work, CFD method has been applied to determine the 
effect of utilizing circular baffles. In the next step, finned SHCTHEX has 
been manufactured according to the numerical analysis results. Finally, 
the fabricated baffled SHCTHEX has been tested at different working 
conditions to determine its performance. 

Nomenclature 

A Area at contact region where heat transfer occurs (m2)

cp Heat capacity at constant pressure (kJ /kg.K)

C Heat capacity rate (W /K)

Dt,o Outer diameter of coiled tube (m)

Dt,i Inner diameter of coiled tube (m)

Dcoil Diameter of coil (m)

Dshell Diameter of shell (m)

Dh Hydraulic diameter (m)

De Dean Number 
E Energy (J)
h Coefficient of heat transfer (W /m2.K)

k Conductivity (W /m.K)

L Length (m)

ṁ Mass flow rate (kg /s)
Nu Nusselt Number 
p Pressure (Pa)
Pr Prandtl Number 
Re Reynolds Number 
T Temperature (K)

Q̇ Heat transfer rate (W)

U Overall heat transfer coefficient (W /m2.K)

V Velocity (m /s)
v→ Overall velocity vector (m /s)

Greek letters 
ΔTLMTD Logarithmic mean temperature difference (K)

ε Effectiveness 
μ Dynamic viscosity (Pa.s)
ρ Density (kg /m3)

δ Thickness (mm)

Subscripts 
in Inlet 
i Inner 
o Outer 
out Outlet 
t Tube 

Abbreviations 
CFD Computational Fluid Dynamics 
LMTD Logarithmic Mean Temperature Difference 
lpm Liters per minute 
SHCTHEX Shell and Helically Coiled Heat Exchanger  
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2. Design and simulation 

2.1. Geometry 

A wide variety of shell and helical coiled tube heat exchangers are 
available in the literature. In this study, one very common configuration 
of these designs was chosen and a solid model of it was created utilizing 
ANSYS Geometry Module (Fig. 1a). The heat exchangers studied in this 
work is oriented horizontally, has a right handed helically coiled tube 
inside, fluid enters to shell from the bottom; leaves from the top and 
other fluid is circulated within the helically coiled tubes. Keeping the 
same dimensional values, the conventional design was improved by 
integrating rings and discs as seen in Fig. 1b. The main aim of adding 
baffles is guiding the cold fluid to the helically coiled tube in order to 
enhance heat transfer rate. 

Since this study aims to investigate the improvement potential of a 
new design, values of geometric parameters was kept equal for both 
designs to be able to make a reliable comparison. Mutual geometric 
parameters are shown in Fig. 2 and their values are presented in Table 1. 

The general dimensional values were determined according to the 
previous works of authors and the test rig available at the laboratory ([2, 
22,39]. Tube diameter was determined according to the copper tubes 

available at the market. The most suitable one (3/8”) was chosen. 
The modified heat exchanger has rings and discs integrated which 

act as baffles creating more turbulence at shell side and make it possible 
to direct the flow over the helically coiled tube. The dimensions of rings 
and discs used are presented in Fig. 3 and their locations in the modified 

Fig. 1. Geometries of SHCTHEXs; a) Conventional, b) Modified with baffles.  

Fig. 2. Geometrical parameters of analyzed SHCTHEXs and flow configurations.  

Table 1 
Geometrical parameters of analyzed SHCTHEXs.  

Parameters Dimensions 

Length of Shell, Lshell 340 mm 
Length of Helically Coiled Tube, Lcoil 300 mm 
Shell Diameter, Dshell 140 mm 
Coil Diameter, Dcoil 100 mm 
Coil Pitch, p (number of turns) 16,67 mm (18 full turns) 
Tube Outer Diameter, Dt,o 9.52 mm (3/8′′) 
Tube İnner Diameter, Dt,i 8.52 mm 
Shell side Inlet and Outlet Diameters 12 mm  

Fig. 3. Dimensions of designed rings and discs.  

Fig. 4. Locations of discs and rings.  
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SHCTHEX are shown in Fig. 4. The solid models of SHCTHEX were 
created as explained above using ANSYS Geometry Module and pre
pared for meshing before simulations. 

2.2. Meshing 

CFD (Computational Fluid Dynamics) technique provides an oppor
tunity to simulate a systems performance with varying conditions. The 
CFD approach is a powerful tool for understanding and eliciting the 
response of a system and is often used in engineering applications 
involving different energy systems. In order to perform computational 
fluid dynamics analyses, a proper mesh structure has to be established. 
ANSYS Mesh Module was used for meshing the SHCTHEX models 
created in this study. 

There are many criteria for ensuring an appropriate mesh structure 
such as skewness and aspect ratio. ANSYS Fluent guidelines recommend 
a maximum skewness value of 0.95; an average skewness value below 
0.35 and maximum aspect ratio value below 35. In this study, mesh 
independence analyzes are performed before the simulations to deter
mine the appropriate mesh structure which would be suitable and effi
cient to solve the problem. Fig. 6 illustrates variation of outlet 
temperatures in conventional SHCTHEX and modified SHCTHEX with 
baffles via mesh elements number. Mesh independence analyses showed 
that some elements number about 6 million elements were enough and 
after that very little differences were noted. However, adding baffles to 
the SHCTHEX increased mesh elements number slightly. Fig. 5 repre
sents utilized mesh for modified SHCTHEX at different zones which were 
generated considering the criteria explained above. In addition, Table 2 
shows details of generated meshes for two SHCTHEXs. As it is clearly 
seen in Table 2, selected mesh structures for numerical simulations of 
SHCTHEXs have high qualities considering skewness and aspect ratio 
quality factors. 

2.3. CFD analysis 

CFD approach is a powerful method to evaluate a system’s behavior 
in an approximate manner to reality. This method decreases the amount 
of time and effort to reveal a systems outcome at different working 

Fig. 5. Generated mesh details for simulations; a) Conventional heat exchanger, b) Shell side’s fluid and helically coiled tube with baffles, c) Helically coiled tube 
with baffles, d) Helically coiled tube. 

Fig. 6. Variation of outlet temperature in SHCTHEXs via mesh ele
ments number. 
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conditions. A system could be analyzed over and over at various con
ditions and significant information about the system’s thermal and flow 
behavior can be obtained. After obtaining the simulation outcomes, it is 
possible to fabricate the system with desired specifications. In this re
gard CFD simulations were conducted considering two designs for 
SHCTHEX to determine the impact of adding baffles including rings and 
discs. The required governing formulas for CFD analysis are given as 
follows [40–42]: 

Continuity Eq, 

∇.(ρ. v→)= 0 (1) 

Momentum Eq, 

∇.(ρ. v→. v→)= − ∇p +∇.

(

μ
[
(
∇ v→+∇ v→T)

−
2
3
∇. v→I

])

(2) 

Energy Eq, 

∇.
(

V→(ρE + p)
)
=∇.keff∇T − h J→+

(

μ
[
(
∇ v→+∇ v→T)

−
2
3
∇. v→I

]

. v→
)

(3) 

According to the initial analysis numerical, inside the SHCTHEX, it is 
expected to see turbulent flow in the flow field of this type of complex 
heat exchanger. k − ϵ turbulence model provides a proper approach to 
turbulence phenomenon inside the flow field and various options of this 
model are extensively applied for different energy systems like heat 
exchangers [43–45]. In this context k − ϵ turbulence model was utilized 
in the CFD analysis step of the present research and this model could be 
given using the following equations where k shows turbulent kinetic 
energy and ϵ denotes the rate of dissipation in kinetic energy [16,46,47]: 

ρ ∂
∂xi

(kvi)=
∂

∂xj

[(
μ + μt

σk

)
∂k
∂xj

]

+Gk +Gb − ρε − YM + Sk (4)  

ρ ∂
∂xi

(εvi)=
∂

∂xj

[(
μ + μt

σε

)
∂ε
∂xj

]

+C1ε
ε
k
(Gk +C3εGb) − C2ερ ε2

k
+ Sε (5) 

In Eq. (4), Gk shows the turbulence kinetic energy production due to 
the velocity difference, Gb denotes the turbulence kinetic energy pro
duction because of the buoyancy effect,Sε and Sk illustrate source terms, 
YM illustrates the impact of the fluctuating expansion in compressible 
turbulence to the overall dissipation, and also C3ε, C2ε and C1ε are con
stants. In addition, σk and σε are the turbulent Prandtl numbers for k and 
ϵ, respectively. 

In the above equations the turbulent viscosity (μt) could be gained by 
combination of ε and k as: 

μt = ρCμ
k2

ε (6)  

where Cμ is a constant. 
The model constants C1ε, C2ε, C3ε, Cμ, σk, and σε have the following 

vales [46]: 

C1ε = 1.44,C2ε = 1.92,C3ε = 1.0,Cμ = 0.09, σk = 1.0, σε = 1.3 

In the material selection section of CFD analysis, copper was applied 
as material of helically coil part of SHCTHEXs. Also, stainless steel was 
selected as material of shell side of the SHCTHEXs. Moreover, copper 
was defined as material for integrated rings and discs. Water was 

selected as working fluid in both sides of baffled and conventional 
SHCTHEXs. In the first step of CFD analysis, inlet temperatures of shell 
side and coil side were given as 291.65 K and 333.15 K, respectively. 
Simulations were conducted at 2, 3, 4, 5 and 6 l/min of cold side’s flow 
rate. Also, hot side’s flow rate was selected as 3 and 4 l/min. In the 
simulation part of the present study a steady-state condition was 
selected to be utilized in analyzing SHCTHEXs. SIMPLEC algorithm was 
selected to be applied for coupling pressure-velocity in simulation of the 
SHCTHEXs. Also, second order upwind was preferred in solution of 
momentum and energy equations in the numerical analysis. In addition, 
in modeling of both conventional and modified SHCTHEXs convergence 
criteria for energy, continuity and velocity were preferred as 10− 7, 
10− 5and 10− 5, respectively. 

3. Experimental setup 

Based on the promising results obtained from the simulations, an 
experimental study was also carried out. In order to do that, the designed 
modified heat exchanger was manufactured with the dimensions 
described in section 2.1. Fig. 7 shows helically coiled tubes, discs and 
rings cut from sheet copper and finally discs and rings welded on the 
tube. This structure was then placed in a shell made of steel. Before 
integrating the heat exchanger into the test rig, it was tested for leaks to 
ensure that the sealing was completely obtained. After that, the outer 
surfaces of the heat exchanger were covered with insulation material 
and aluminum foil. Then the manufactured heat exchanger was inte
grated into the test setup in the laboratory. 

Fig. 8 shows a view of the utilized experimental setup. In addition, 
Fig. 9 represents a schematic diagram of test setup and utilized devices. 
Hot water was stored in hot water tank with integrated electrical heater 
with a dimmer switch for temperature control. It was pumped into the 
heat exchanger’s helically coiled tubes and circulated back into hot 
water tank. Cold water entered into shell side of the heat exchanger and 
it was discharged to drain at the outlet. The flow rates were controlled 
with valves and measured by flow meters. Steady state conditions were 
obtained and sustained during the experiments. All necessary pipes and 
equipment were insulated with insulation materials. With this setup, 
experiments are carried out at different flow rates as in simulations. For 
each flow rate combination experiments are performed three times. The 
temperatures at inlets and outlets were measured and stored by a data 
logger. 

Uncertainty analysis is a helpful method to specify the reliability of 
the obtained empirical outcomes. The experimental uncertainties may 
be derived from measuring instrument type, calibration of measuring 
instrument, reading errors, connection types of measuring devices and 
test conditions [48]. The overall experimental uncertainty could be 
calculated by applying Eq. (7) [22,49–51]. In addition, experimental 
uncertainty values for different parameters such as heat transfer rate, 
overall heat transfer coefficient, ΔTLMTD and heat transfer coefficient 
could be calculated by utilizing Eqs. 8–11. 

WR =

[(
∂R
∂x1

w1

)2

+

(
∂R
∂x2

w2

)2

+ … +

(
∂R
∂xn

wn

)2
]1 /

2

(7)  

WQ =

[(
∂Q

∂Qcold
wQcold

)2

+

(
∂Q

∂Qhot
wQhot

)2
]1 /

2

(8) 

Table 2 
Details of generated meshes for two SHCTHEXs.  

Heat exchanger type Mesh elements number Mesh nodes number Maximum skewness value Average skewness value Maximum aspect  
ratio value 

Average aspect  
ratio value 

Conventional SHCTHEX 6,313,232 2,431,447 0.84 0.19 14.53 1.87 
Modified SHCTHEX with baffles 6,728,578 1,608,290 0.87 0.28 13.71 1.97  
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WU =

[(
∂U
∂Q

wQ

)2

+

(
∂U

∂ΔTLMTD
wΔTLMTD

)2
]1 /

2

(9)     

WHTCcold =

[(
∂HTCcold

∂U
wU

)2

+

(
∂HTCcold

∂HTChot
whhot

)2
]1 /

2

(11) 

The calculated experimental uncertainties for different parameters of 
SHCTHEX are illustrated in Table 3. In a related study on SHCTHEX, 
Tuncer et al. [22] uncertainty values for effectiveness, heat transfer 
coefficient and mass flow rate obtained as ±7.62, ±6.68 and ± 5.26, 
respectively. In another work performed by Khanlari et al. [49,50]; 
experimental uncertainty value for mass flow rate gained as ±5.36%. In 
a study conducted by Panahi and Zamzamian [21] on a related 
SHCTHEX, uncertainties for parameters such as effectiveness and heat 
transfer coefficient calculated as ±10.2% and ±9.17%, respectively. 
Solanki and Kumar [52] experimentally tested a dimpled SHCTHEX and 
obtained uncertainty values for heat transfer and heat transfer coeffi
cient as 12% and 16%, respectively. Khorasani and Dadvand [53] 
investigated the performance of a SHCTHEX and obtained experimental 
uncertainty for effectiveness as ±9.28. Moreover, Elshazly et al. [54] 
tested a SHCTHEX and achieved experimental uncertainty for heat 
transfer coefficient between the range of 4.7–7.0%. Evaluating the ob
tained experimental uncertainties for different parameters and 
comparing them with similar studies available in the literature indicated 
the reliability of experimental outcomes. 

Fig. 7. Manufacturing steps of baffled coil side of modified heat exchanger by using discs and rings.  

Fig. 8. A view of experimental setup.  

WΔTLMTD =

[(
∂ΔTLMTD

∂Tcold,in
wTcold,in

)2

+

(
∂ΔTLMTD

∂Tcold,out
wTcold,out

)2

+

(
∂ΔTLMTD

∂Thot,in
wThot,in

)2

+

(
∂ΔTLMTD

∂Thot,out
wThot,out

)2
]1 /

2

(10)   
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4. Post analyses calculations 

In order to convert the results obtained from CFD simulations into 
meaningful data and compare the performances of the heat exchangers, 
some further calculations are required. In the calculations made in such 
studies, the following equations and simplifications are generally 
applied in the literature. 

Amount of heat transferred from each fluid can be calculated as in 
Eq. (12) and Eq (13) and then their mean can be taken to find average 
heat transfer rate by Eq. (14). These calculations utilize the average 
specific heat capacities (Cp) over the corresponding temperature range. 

Q̇hot = ṁhot.cp,hot .
(
Thot,in − Thot,out

)
(12)  

Q̇cold = ṁcold .cp,cold .

(
Tcold,out − Thot,in

)
(13)  

Q̇ave =(Q̇hot + Q̇cold) / 2 (14) 

For calculation of heat exchanger effectiveness value, the following 
equation is used: 

ε= Q̇
Q̇max

=
Chot

(
Thot,in − Thot,out

)

Cmin
(
Thot,in − Tcold,in

)=
Ccold

(
Tcold,out − Tcold,in

)

Cmin
(
Thot,in − Tcold,in

) (15)  

where Chot and Ccold represent heat capacity rate of hot and cold fluids 
and Cmin is the lower one of those values. Heat capacity rates are 
calculated by Eqs. (16) and (17). 

Chot = ṁhot .cp,hot (16)  

Ccold = ṁcold .cp,cold (17) 

Overall Heat Transfer Coefficient (U) which is defined by Eq. (18) is 
an important parameter for evaluating a heat exchanger’s thermal 
performance. 

U =
Q̇

A (ΔTLMTD)
(18) 

In Eq. (18), A is the total surface area of the contact region where 
heat transfer takes place and ΔTLMTD stands for Logarithmic Mean 
Temperature Difference. ΔTLMTDcan be attained by following steps given 
with Eq. (19 a,b,c): 

ΔTLMTD =
ΔTA − ΔTB

ln
(

ΔTA
ΔTB

) (19a)  

ΔTA =Thot,in − Tcold,out (19b)  

ΔTB =Thot,out − Tcold,in (19c) 

On the other hand, there are some important dimensionless numbers 
in heat and flow phenomena. For the flow inside helically coiled tube, Re 
number can be calculated by Eq. (20) [9]: 

Fig. 9. A schematic diagram of test setup and utilized devices.  

Table 3 
Calculated experimental uncertainty for different parameters.  

Parameter Unit Uncertainty value 

Temperature ◦C ±0.62 
ṁ % 

±5.13 

Q̇ % 
±5.20 

Heat transfer coefficient % ±6.54  
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Recoil = 2100

[

1+ 12
(

Dt,i

Dcoil

)1/2
]

(20) 

Dean number can be obtained utilizing Re number as follows: 

De=Recoil

(
Dt,i

Dcoil

)1/2

(21) 

The coil side Nusselt number can be found by Eq. (22) [8]: 

Nucoil = 0.0456
(

Dcoil

Dt,i

)− 0.16

Re0.8
coilPr0.4

coil (22) 

General form of Reynolds number can be given as: 

Re=
ρVD

μ (23) 

Reynolds number for shell and coil side could be rewritten as follows: 

Reshell =
4 ṁshell

πDh,shell μ (24)  

Recoil =
4 ṁcoil

πDt,i μ (25) 

In Eq. (24) hydraulic diameter of shell side is calculated as: 

Dh,shell =
4 × Volume of shell side domain

Contact surface with fluid
(26) 

The Nusselt number for the Shell side can be calculated by Eq. (27) 
and Eq. (28) [9]. 

Nushell = 0.6 Re0.5
shell Pr0.31

shell for 50 < Re < 10000 (27)  

Nushell = 0.224 Re0.6
shell Pr0.33

shell for 6000 < Re < 10000 (28) 

Alternatively Nusselt number of each side can be obtained in terms of 
hydraulic diameters as follows: 

Nucoil =
hiDt,i

k
(
Since Dh,coil =Dt,i

)
(29)  

Nushell =
hshellDh,shell

k
(30)  

5. Results 

5.1. CFD simulation results 

The simulations were carried out using ANSYS Fluent with the two 
designs described above. Within the scope of simulations steady state 
conditions were assumed and k − ϵ turbulence model was used. It was 
assumed that the cold fluid enters to the shell side and hot fluid is 

Fig. 10. Streamlines in the conventional and modified SHCTHEXs.  
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circulated at the coil side. Water (liquid) was chosen as the fluid for both 
sides, its properties were selected from the Fluent database. In the 
simulations, cold water entered the shell side at 291.65 K and hot water 
entered the tubes at 333.15 K. At first step of numerical study, initial 
simulations with different temperature ranges have been conducted to 
determine the general performance of heat exchangers. Then, numerical 
simulations have been repeated regarding to the experimentally deter
mined inlet temperatures. It was assumed that the hot water flowed at a 
flow rate of 3 l/min (liters/minute) and keeping this constant, the cold 
water flow rate was changed between 2 and 6 l/min with increments of 
1 l/min. The same process is repeated for 4 l/min hot water flow rate. 

Streamline is the path that a fluid particle follows throughout the 
flow field. It gives an insight about the general flow structure and widely 
used to estimate the performance of new designs involving fluid flow. 
Fig. 10 shows the streamlines of the conventional SHCTHEX and the 
modified SHCTHEX with circular baffles. The streamlines of the modi
fied shell and helically coiled heat exchanger reveal that the fluid par
ticles are forced to travel a desired path with diversions around the 
coiled tube because of the rings and discs. This flow structure enhances 
the turbulent effects and increases the amount of fluid particles in 
contact with the helically coiled tube. On the other hand, most of the 
fluid particles seem to be following a path through the tube’s inner void 
in conventional heat exchanger. 

Heat exchangers are used to transfer heat from one source to another. 
Temperature difference between inlet and outlet is one of the most 

important indicators to evaluate their performance. Thanks to CFD 
simulations it is also possible to reveal the temperature distributions 
along the streams and in this way a good comparison of different designs 
can be made. Fig. 11 shows the hot side temperature contours of con
ventional shell and helically coiled heat exchanger and the modified one 
(both streams at 3 l/min). The temperature contours are presented with 
the same temperature intervals and the color distributions reveal that 
hot fluid cools down better with the modified heat exchanger. In other 
words, a cooler outlet temperature is seen in the temperature distribu
tion of the modified heat exchanger in comparison with conventional 
one which means high heat transfer to the cold side. It is possible to say 
that the discs and rings create turbulent flows that improves heat 
transfer by increasing the convective heat transfer. 

Fig. 12 shows the cold side temperature contours of conventional 
shell and helically coiled heat exchanger and the modified one on lon
gitudinal cross-section plane (both streams at 3 l/min). Looking at 
Fig. 12, the temperature gradients are remarkable in modified heat 
exchanger and it can be easily seen how heat is carried away from the 
coiled pipe to shell side fluid. The obtained temperature contours are in 
harmony with the streamline formation of that design. On the other 
hand, although temperature increases incrementally from inlet to outlet, 
temperature gradients are hardly visible in the conventional heat 
exchanger. This phenomenon is also visualized in 3 dimensions in 
Fig. 13. The 3-dimensional temperature gradients formed around the 
coil are clearly visible in the modified heat exchanger. Temperature 

Fig. 11. Temperature variation in the hot side of conventional and modified heat exchangers.  
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volume renderings of conventional and modified heat exchangers 
obviously illustrates the main difference between heat transfer processes 
in both systems. 

The general purpose of a heat exchanger is to transfer heat from one 
medium to another. In heat transfer processes without phase change, the 
temperature differences between the inlet and outlet of the flows, and 
hence the outlet temperatures, are important indicators of the perfor
mance of a heat exchanger. Fig. 14 shows hot fluid outlet temperatures 
of conventional heat exchanger and modified heat exchanger with 
varying cold fluid flow rates at two different hot fluid flow rates. As 
clearly seen in Fig. 14, hot fluid’s outlet temperatures in modified 
SHCTHEX are lower than that of unmodified SHCTHEX at all flow rates 
which means better heat transfer in heat exchanger with baffles. Ac
cording to the simulations, the modified heat exchanger provides 
0.9–1.6 K better cooling than the conventional one. 

Fig. 15 shows cold fluid outlet temperatures of conventional heat 
exchanger and modified heat exchanger with varying cold fluid flow 
rates at two hot fluid rates. Analyzing Fig. 15 indicates that, cold fluid 
outlet temperatures of modified system at all flow rates are higher than 
outlet temperatures of unmodified one. It can be said that the cold fluid 
absorbs more heat and its outlet temperatures are 0.6–1.9 K higher in 
modified heat exchanger. 

It should be stated that the modified heat exchanger illustrated better 
performance in terms of outlet temperatures according to simulations 
outcomes. The improvement in outlet temperatures is also an indication 
of the improvement in heat transfer. 

The amount of average heat transfer is an important factor in eval
uation of heat exchanger performance and can be calculated as 
described in section 5 by utilizing the differences in inlet and outlet 
temperatures. Fig. 16 shows the calculated amounts of average heat 
transfer with respect to increasing cold fluid flow rate at two different 
hot flow rates for the simulated two designs. It can be concluded that the 
modified heat exchanger provided a better heat exchange. The average 
amount of heat transfer of conventional design varied between 2950 and 
4400 W, whereas this parameter varied between 3100 and 4650 W for 
the modified heat exchanger at 3 l/min hot fluid flow rate. Also, 
calculated values of average amount of heat transfer for conventional 
and modified heat exchangers varied between 3120-5050 W and 
3380–5310 W, respectively at 4 l/min hot fluid flow rate. Average 
amount of increase in average heat transfer rate was calculated as 7.05% 
and 7.1% respectively, for simulations at 3 l/min and 4 l/min hot fluid 
flow rates. 

Overall heat transfer coefficient is another important parameter in 
heat exchanger design and can be described as a measure of how well 

Fig. 12. Temperature variation in the cold side of conventional and modified heat exchangers on longitudinal cross-section plane.  
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heat is transferred in contact areas of heat exchangers. Fig. 17 shows the 
calculated overall heat transfer values of the conventional and the 
modified heat exchangers with increasing cold fluid flow at two different 
hot fluid flow rates. Calculated values of overall heat transfer co
efficients of conventional heat exchanger are between 800 and 1160 W/ 
m2. K and they are between 1050 and 1350 W/m2. K for the modified 
heat exchanger at 3 l/min hot fluid flow rate. At 4 l/min hot fluid flow 
rate, overall heat transfer coefficient values of conventional heat 
exchanger are between 885 and 1210 W/m2. K and they are between 
1135 and 1390 W/m2. K for the modified heat exchanger. The results 
indicate a 22.1% average increase in overall heat transfer coefficient for 
3 l/min hot fluid flow rate and 19.6% average increase for 4 l/min hot 
fluid flow rate. 

Fig. 18 shows a comparison of convective heat transfer coefficients 
calculated for conventional heat exchanger and modified heat 
exchanger. Calculated values of convective heat transfer coefficients of 
conventional heat exchanger are between 1090 and 2180 W/m2. K and 
they are between 1350 and 2700 W/m2. K for the modified heat 
exchanger. With the modifications made, an average increase of 24% is 
obtained in convective heat transfer coefficient. 

Fig. 19 presents numerically obtained pressure drop values in con
ventional and modified SHCTHEXs with respect to flow rate. As it can be 
seen, adding baffles increased pressure drop in the cold side of the 
SHCTHEX. The highest increment in the pressure drop of the shell side 
was determined as 16% by adding baffles. In a study performed by 
Tuncer et al. [22]; pressure drop in shell side of finless and finned 
SHCTHEXs at 3 lpm were numerically calculated as 681 Pa and 817 Pa, 

Fig. 13. Temperature volume rendering in cold side of conventional and modified heat exchangers.  

Fig. 14. Outlet temperatures of hot side with respect to the flow rate.  
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respectively. Xu et al. [55] numerically investigated a shell and helically 
coiled spiral grooved heat exchanger and obtained pressure drop 
approximately between 20 and 2000 Pa. Wang et al. [56] simulated a 
shell and helically coiled spiral grooved heat exchanger and calculated 
pressure drop approximately in the range of 50–2100 Pa. Andrzejczyk 
and Muszynski [5] experimentally investigated a SHCTHEX with 
core-baffle modification and achieved pressure drop between 600 and 
1200 Pa. Their results also showed that using baffles in the shell side 
increased pressure drop. Obtained numerical results of pressure drop of 

the heat exchanger designs in this study, is in acceptable range when 
compared to related numerical and experimental studies which inves
tigated similar SHCTHEXs. It is better to state that, the achieved pressure 
drop values in this study are lower compared to the given studies. In the 
presented studies complex designs for SHCTHEXs, restricts the flow 
significantly which led to obtain higher pressure drop values. However, 
with the baffled design proposed in this work, thermal performance of 
SHCTHEX improved significantly by guiding the flow over the coiled 
tube while the pressure drop was kept in acceptable range. 

Fig. 15. Outlet temperature of cold side with respect to the flow rate.  

Fig. 16. Average heat transfer rate with respect to the flow rate.  

Fig. 17. Overall heat transfer coefficient variation with respect to the flow rate.  

Fig. 18. Convective heat transfer coefficient variation with respect to the 
flow rate. 
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5.2. Experimental results 

After the simulations, experiments are performed with the setup 
shown in Figs. 8 and 9. Fig. 20 presents the hot fluid outlet temperatures 
of modified heat exchanger, obtained by simulations and experiments. 
Simulations indicated better results, however close values were 
measured at experiments. A maximum of 0.57 K and an average of 0.43 
K difference between experimental and simulation values was noted at 4 
l/min hot fluid flow rate. The maximum and average difference between 
experimental and numerical outlet temperature for 3 l/min hot fluid 
flow rate obtained as 0.59 K and average 0.32 K, respectively. 

Fig. 21 shows the cold fluid outlet temperatures of modified heat 
exchanger, gained by simulations and experiments. The obtained 

outcomes for cold side outlet temperature showed that simulations gave 
better results. In the experiments performed with 3 l/min hot fluid flow, 
the experimental values of the cold fluid outlet temperature were found 
to be 0.62 K lower at the maximum and 0.38 K on average compared to 
the simulation values. Those values were 0.81 K at maximum and 0.69 K 
on average for 4 l/min hot fluid flow rate. Also, Fig. 21 reveals that as 
the cold fluid flow rate increases, the temperature differences increase. 

Fig. 19. Pressure drop values in conventional and modified SHCTHEX with 
respect to flow rate. 

Fig. 20. Hot side’s outlet temperature variation with respect to the cold flow 
rate at two different flow rate of hot side. 

Fig. 21. Cold side’s outlet temperature variation with respect to the cold flow 
rate at two different flow rate of hot side. 

Fig. 22. Average heat transfer rate variation with respect to the cold flow rate 
at two different flow rate of hot side. 
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This shows that the outlet temperatures were effected by the dominant 
stream. 

The differences in outlet temperatures are in favor of simulations as 
expected. This is mostly the case because the simulation approach pre
sents idealized versions of real systems. On the other hand, it is impos
sible to create an adiabatic medium in the experiments. Although there 
was a certain amount of insulation on the heat exchanger and its con
nections, still there might have been some heat loss to the surroundings. 

With these measurements, amounts of average heat transfer were 
calculated and compared with simulation results. Fig. 22 represents the 
amount of heat transfer calculated utilizing simulation and experimental 
results. The average differences between simulation and experimental 
values in terms of average amount of heat transfer rate obtained as 2.4% 
for 3 l/min hot fluid flow rate and 3.5% for 4 l/min hot fluid flow rate. 

Fig. 23 Illustrates numerically and experimentally attained overall 

heat transfer coefficient with respect to the cold flow rate at two 
different flow rate of hot side. The amount of differences in calculated 
overall heat transfer coefficient values between simulation and experi
mental results obtained as 3.16% for 3 l/min hot fluid flow rate and 
4.76% for 4 l/min hot fluid flow rate. In this study, overall heat transfer 
coefficient of modified SHCTHEX with circular baffles achieved in the 
range of 1050–1400 W/m2K. In a study Bahrehmand and Abbassi [57] 
developed and experimentally examined a SHCTHEX and attained 
overall heat transfer coefficient of approximately in the range of 
1000–1550 W/m2K. In another study done by Niwalkar et al. [58]; 
SHCTHEX was tested by using water and nanofluid and overall heat 
transfer coefficient approximately achieved between 700 and 2800 
W/m2K. Moreover, in a research performed by Kumar et al. (2018) 
overall heat transfer coefficient of a SHCTHEX by using water and 
nanofluid as working fluids was determined between the range of 
500–3500 W/m2K. 

Table 4 represents a comparison between the outcomes of this 
research and related works on SHCTHEXs. In Table 4, various factors 
like flow rate, Reynolds number, heat transfer rate and heat transfer 
coefficient are presented. As known, the given parameters are important 
in evaluating heat exchangers. A general and detailed comparison be
tween the outcomes of this work and the results of related studies clearly 
indicates a good agreement between them. However, it is better to state 
that geometrical parameters of the given SHCTHEXs and test conditions 
are not the same. This phenomenon makes it hard to conduct a sensitive 
comparison among the given works. But in general, it can be concluded 
that the findings of this research are in line with the related works 
available in the literature. 

6. Conclusions 

In this study CFD approach was utilized to reveal the performance of 
a new SHCTHEX design comparing it with the conventional design. Then 
the modified heat exchanger was fabricated and experimentally 
analyzed as well. According to the streamlines and temperature contours 
obtained by simulations, the baffled heat exchanger design created 
better contact of fluids at contact regions and heat was transferred in a 
more effective way in comparison to conventional one. In other words, 
modified heat exchanger provided a better heat exchange when pa
rameters like outlet temperatures and heat transfer rates compared. 
Average amount of increase in mean heat transfer rate was calculated as 
7.05% and 7.1%, respectively for simulations at 3 l/min and 4 l/min hot 
fluid flow rates. The findings indicated a 22.1% average increase in 

Table 4 
A comparison between the outcomes of this research and related works on SHCTHEXs.  

Ref. Method Volume/mass flow 
rate 

Recoil Reshell Heat transfer rates 
(W) 

hcoil(W/m2K) hShell(W/ 
m2K) 

U (W/m2K) 

Exp Num 

Barzegari et al. [59] ✓ – 2 − 3.5 l/min 10800 − 21182 – 2200 − 9500 2150 − 3000 – – 
Tuncer et al. [2], ✓ ✓ 1.5 − 3.5 l/min 6600 − 16000 ∼ 600 −

1100 
2000 − 4600 5700 − 13400 2250 −

4050 
1600 −

3150 
Tuncer et al. [2], ✓ ✓ 1.5 − 3.5 l/min 6600 − 16000 ∼ 600 −

1100 
1940 − 5180 5670 − 15000 2250 −

4670 
1600 −

3530 
Naik and Vinod [60] ✓ – 0.5 − 5 l/min – – – – – 500 − 3500 
Jamshidi et al. [4] ✓ – 1 − 4 l/min 2000 − 1000 – – – – 625 − 1100 
Alimoradi et al. [61] – ✓ – – 7500 − 15000 ∼ 3500 − 8000 2671(optimum) – – 
Zaboli et al. [62] – ✓ – ∼ 14000 −

23000 
– – ∼ 8700 −

11400 
– – 

Zaboli et al. [63] – ✓ 1 − 4 l/min 1300 − 5270 – – 500 − 3000 – – 
Elshazly et al. [54] ✓  1.7 − 11.15 l/min 5700 − 55000 – – 2000 − 2700 – 500 − 2000 
Niwalkar et al. [58] ✓ – 0.5 − 0.84 l/min 1500 − 4200 – – 2000 − 14000 – 800 − 2800 
Panahi, and Zamzamian 

[21] 
✓ – 1 − 5 l/min 4000 − 18000 – – – – 400 − 1700 

Bahrehmand and Abbassi 
[57] 

– ✓ 0.3 − 0.113 kg/s 10000 − 35000 – 3500 − 14000 5000 − 25000 1100 −

1500 
1000 −

1550 
Salem et al. [64] ✓ – 1.7 − 11 l/min 10000 − 60000 – – – – 200 − 1500 
This study ✓ ✓ 2 − 6 l/min 10600 − 14200 450 − 1950 2950 − 5350 5200 − 6500 1090 − 2700 800 − 1400  

Fig. 23. Overall heat transfer coefficient variation with respect to the cold flow 
rate at two different flow rate of hot side. 
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overall heat transfer coefficient for 3 l/min hot fluid flow rate and 19.6% 
average increase for 4 l/min hot fluid flow rate. Finally numerically 
obtained results for modified heat exchanger were verified by experi
mental findings. The average differences between simulation and 
experimental values in terms of average amount of heat transfer rate 
were obtained as 2.4% for 3 l/min hot fluid flow rate and 3.5% for 4 l/ 
min hot fluid flow rate. Similarly, the amount of differences in calcu
lated overall heat transfer coefficient values between simulation and 
experimental results were found to be 3.16% for 3 l/min hot fluid flow 
rate and 4.76% for 4 l/min hot fluid flow rate. The overall findings of 
this study exhibited the potential of adding baffles including discs and 
rings in improving the thermal performance of the SHCTHEX. In future 
studies, different nanofluids could be tested as working fluid to obtain 
more thermal improvement. 
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