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A B S T R A C T   

To enhance the heat transfer efficiency of the helically coiled tubes heat exchangers, this paper proposes a double 
shell-passes structure designed for a multi-layer helically coiled tubes heat exchanger. Numerical simulation is 
employed to investigate the performance of the Double Shell-passes Multi-layer Helically Coiled Tubes Heat 
Exchanger (DSMHCTHE). Furthermore, an experimental test system is constructed to validate the simulation 
results, exploring the performance under different operating conditions. A comparative analysis is conducted 
with the traditional Multi-Layer Helical Tube Heat Exchanger (MHCTHE). The results indicate that, under 
identical experimental conditions, the heat transfer rate and thermal effectiveness of DSMHCTHE increased by 
5.1 % to 12.9 %. The overall heat transfer coefficient showed an improvement ranging from 21.5 % to 29.0 %, 
while the shell-side heat transfer coefficient increased by 36.2 % to 47.5 %. However, the shell-side pressure drop 
increased by 60.7 % to 83.4 %. Utilizing the heat exchanger’s comprehensive performance as the evaluation 
criterion, it was observed that DSMHCTHE exhibited superior comprehensive performance. In comparison to 
MHCTHE, the comprehensive performance of DSMHCTHE improved by 12 %. The design of the double shell- 
passes configuration has shown significant enhancements in both convective heat transfer and overall perfor
mance, highlighting the superior application potential of DSMHCTHE.   

1. Introduction 

Helically coiled tubes heat exchangers have advantages such as 
compact structure, low pressure loss, and high heat transfer coefficient 
[1,2]. Secondary flow occurs in the plane perpendicular to the main flow 
direction inside the helically coiled tubes, which is one of the important 
reasons for enhancing the flow and heat transfer performance in the 
helically coiled tubes. Compared to conventional straight tubes heat 
exchangers, helical structure occupies less space, has a larger heat 
transfer surface area per unit volume, and is widely applicable. Due to 
the various advantages, helically coiled tubes heat exchangers have been 
widely applied in industries such as power generation, petrochemicals, 
food industry, heating ventilation and air conditioning(HVAC), and 
waste heat recovery systems [3,4]. 

The structure of the helically coiled tube heat exchanger is shown in 
Fig. 1. Due to the helical structure, the critical Reynolds number for the 
transition from laminar to turbulent flow inside the coil is higher than that 
of a straight tube [5]. Ito [6] conducted relevant research on the calcu
lation of the critical Reynolds number inside the helically coiled tubes, and 
obtained correlations for heat transfer and resistance inside the tubes. 

Some scholars have studied the overall performance of helical coil 
heat exchangers through experimental testing or numerical simulation 
methods. Salimpour et al. [7,8]. conducted experimental studies on 
single-layer helical coil heat exchangers with three different coil pitches 
and curvatures. They analyzed the variation of the shell-side heat 
transfer coefficient using the wilson plot method and found that helical 
coils with larger pitches can increase the shell-side heat transfer coef
ficient. Jamshidi et al. [9]. experimentally tested the influence of flow 
rate, helically coiled diameters, and coil pitches on the performance of a 
single-layer helical coil heat exchanger. By using the Taguchi method 
[10], they obtained the optimal operating parameters within the 
experimental conditions. Majid Etghani [11] designed samples using the 
Taguchi method, calculated the exergy loss of a single-layer helically 
coiled tube heat exchangers through numerical simulation, and obtained 
optimized structural parameters. Ghorbani et al. [12,13]. constructed 
helically coiled tube heat exchanger with different helically coiled di
ameters and pitches. They evaluated the effects of geometric parameters 
of the helical coil and changes in tube-side flow rate on the shell-side 
heat transfer coefficient and overall heat transfer performance of the 
heat exchanger under laminar and turbulent flow conditions inside the 
coil. They also introduced the concept of ’equivalent shell diameter’ and 
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experimentally demonstrated its effectiveness. 
Some studies have sought to enhance heat transfer on the side of 

helically coiled tube to improve the heat transfer performance of the 
heat exchangers. There are currently two mainstream methods: one in
volves improving the heat transfer surface of the tubes, disrupting the 
heat transfer inflation layer, and enhancing heat transfer efficiency; the 
other involves using nanofluids as the flowing medium, which enhances 
fluid mixing pulsation and turbulence. Yuan et al. [14]. proposed an 
internally finned helically coiled tube and conducted numerical simu
lations to investigate its flow and heat transfer characteristics. The 
comprehensive performance of the finned tube increased by 40 % 
compared to that of a conventional smooth helically coiled tube. Kurnia 
et al. [15]. investigated the heat transfer performance and entropy 
generation of helically coiled tubes with circular, elliptical, and square 
cross-sections. The results indicated that the square cross-section tubes 
exhibited the best heat transfer performance. Omidi et al. [16]. intro
duced a lobed cross-section helically coiled tubes, and numerical sim
ulations revealed that higher numbers of lobed led to better overall 
performance. Zheng et al. [17]. incorporated shallow groove structures 

on the helically coiled tubes wall, and numerical simulations demon
strated that this structure could increase the Nusselt number by up to 2 
times. Chang et al. [18]. proposed a square-twisted helically coiled 
tubes, which showed a 19 % enhancement in heat transfer coefficient 
and a 69.8 % increase in pressure drop compared to the smooth square 
helically coiled tubes. Wang et al. [19]. conducted numerical simula
tions on helically coiled tubes with elliptical and trilobate cross-sections, 
concluding that the trilobate helically coiled tubes exhibited the best 
overall performance. Kumar et al. [20]. introduced a micro-finned he
lical tube, showing that when the number of fins reached 12, the Nusselt 
number increased by 51 % and the pressure drop increased by 36 %. 
Barzegari et al. [21]. experimentally investigated the flow and heat 
transfer performance of alumina nanofluid inside helically coiled tubes. 
The results indicated that higher heat transfer efficiency was achieved at 
lower concentrations of the nanofluid. Niwalkar et al. [22]. conducted 
experiments on the flow and heat transfer performance of water-based 
SiO2 nanofluids with different volume fractions inside helically coiled 
tubes. The results showed that the heat transfer coefficient increased 
with increasing mass flow rate and nano volume fraction, and the heat 

Nomenclature 

A The area of heat transfer (m2) 
cp Specific heat capacity (J•kg− 1•K− 1) 
D Coil diameter (m) 
D1 Inner tube coil diameter (m) 
D2 Outer tube coil diameter (m) 
DCore1 Diameter of inner guide cylinder (m) 
DCore2 Diameter of outer guide cylinder (m) 
Dh Hydraulic diameter (m) 
di Internal diameter of tubes (m) 
do External diameter of tubes (m) 
h Heat transfer coefficient (W m− 2 K− 1) 
H Coil pitch (m) 
H1 Inner tube coil pitch (m) 
H2 Outer tube coil pitch (m) 

He Helical number (-) (He = Re
̅̅̅̅̅̅̅̅̅
d/D

√
/

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1 + (H/πD)2
√

) 
L Length (m) 
m flow rate (kg s− 1) 
Nu Nusselt number (-) 
ΔP Pressure drop (Pa) 
Pr Prandtl number (-) 
Q Heat transfer rate (W) 
Re Reynolds number (-) 
Recr Critical Reynolds number (-) 
T Temperature (K) 

T Average temperature (K) 
ΔTLMTD Logarithmic mean temperature difference (K) 
u Velocity component (m s− 1) 
Uo Overall heat transfer coefficient (W m− 2 K− 1) 
V Space volume (m3) 
WP Pump power (W) 

Greek symbols 
ε Thermal effectiveness (-) 
λ Thermal conductivity (W m− 1 K− 1) 
μ Dynamic viscosity (Pa s) 
ξ Comprehensive performance (-) 
ρ Density (kg m− 3) 

Subscript 
S Shell-side 
Si Shell-side inlet 
So Shell-side outlet 
T Tube-side 
Ti Tube-side inlet 
To Tube-side outlet 
w Wall 

Abreviation 
MHCTHE Multi-layer helically coiled tubes heat exchangers 
DSMHCTHE Double shell-passes multi-layer helically coiled tubes 

heat exchanger  

Fig. 1. Diagram of the helicallyly coiled tube heat exchanger structure.  
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transfer coefficient was 29 % higher and the pressure drop was 62 % 
higher compared to that of water as the fluid. Zaboli et al. [23]. 
numerically simulated the flow and heat transfer performance of Al2O3, 
CuO, and SiO2 nanofluids with water as the base fluid inside helically 
coiled tubes. The results indicated that CuO nanofluid exhibited the best 
heat transfer performance. 

The shell-side convective heat transfer coefficient of a helically 
coiled tubes heat exchanger is typically lower than the convective heat 
transfer coefficient inside the coil, which may lead to a reduction in the 
overall heat transfer efficiency of the heat exchanger. In response to the 
above issue, some scholars have also conducted research on enhanced 
heat transfer in the shell-side of helically coiled tubes heat exchangers. 
Enhancement methods for the shell-side can be classified into two types: 
’active enhancement’ and ’passive enhancement’. Active enhancement 
typically involves injecting bubbles[24–26] into the shell-side flow to 
disrupt the flow boundary layer, aiming to enhance heat transfer. Baqir 
et al. [24]. conducted bubble injection in the shell side of vertically 
oriented counterflow helically coiled tube heat exchanger, exploring the 
variations in heat transfer performance under various operating condi
tions and determining the optimal bubble and shell side flow rates. Their 
findings indicated that increases in bubble, shell side, and tube side flow 
rates significantly affected heat transfer efficiency, while having mini
mal impact on temperature difference. Similar studies include the work 
of Sadighi et al. [25]., who investigated the influence of bubble injection 
rates under different flow arrangements on exergy loss and heat transfer 

efficiency, yielding conclusions consistent with Baqir’s. Khorasani and 
Dadvand[26] injected bubbles into the shell side of horizontally ori
ented helically coiled tube heat exchanger, demonstrating that bubble 
motion increased shell side flow turbulence and turbulence intensity, 
thereby enhancing overall heat transfer efficiency. Passive enhancement 
is usually achieved by altering the geometric structure to enhance heat 
transfer. Miansari[27] added circular grooves to the inner wall of the 
shell-side and conducted comprehensive numerical simulation research. 
The study demonstrated that the circular groove structure can effec
tively improve the heat transfer performance of the shell-side with little 
impact on pressure drop. Andrzejczyk[28] enhanced the heat transfer 
performance of the shell-side of a single-layer helically coiled tube heat 
exchanger by using baffles. Experimental results demonstrated that the 
presence of baffles can effectively improve heat transfer efficiency. 
Alper[29] proposed a circular baffle that can be used for helically coiled 
tube heat exchangers. The effectiveness of this baffle was tested and 
verified through experiments and numerical simulations. The results 
indicate that the new structure can effectively enhance heat transfer rate 
and heat transfer coefficient. 

From the literature review, it can be observed that most studies on 
enhanced heat transfer in helically coiled tube heat exchangers focus on 
the tube-side. This involves altering the shape or surface structure of the 
helically coiled tube to disturb the flow inside the tube and increase 
turbulence, thereby improving heat transfer performance. However, 
there is limited research in enhancing the shell-side heat transfer in 

Fig. 2. The physical models of MHCTHE and DSMHCTHE.  
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helically coiled tube heat exchangers. Additionally, current research on 
helically coiled tubes heat exchangers mostly adopts a single-layer he
lically coiled tube structure, while in practical applications, the number 
of layers in the heat exchanger’s helically coiled tubes may be higher. 
Since enhancing the shell-side heat transfer is one effective method to 
significantly improve heat exchanger efficiency. Therefore, this study 
proposes a double shell-passes configuration for a multi-layer helically 
coiled tubes heat exchanger using passive heat transfer enhancement, 
referred to as the Double Shell-passes Multi-layer Helically Coiled Tubes 
Heat Exchanger (DSMHCTHE). In contrast to previous studies, 
DSMHCTHE introduces a double-layer baffle structure in the shell-side, 
designed to guide the flow direction and facilitate thorough heat ex
change between the fluid and the heat transfer tubes, thereby enhancing 
heat transfer efficiency. Numerical simulations and experimental studies 
are conducted in this paper, and a comparison is made with a conven
tional Multi-Layer Helical Tube Heat Exchanger (MHCTHE). The results 
confirm the superior performance of DSMHCTHE. 

2. Model description and simulation method 

2.1. Geometry 

The geometric parameters of the studied MHCTHE and DSMHCTHE 
are illustrated in Fig. 2. The geometric model of MHCTHE is shown in 
Fig. 2(a). MHCTHE consists of two layers of helically coiled tubes with 
opposite directions, aiming to better disturb the flow of the shell-side 
fluid. The arrangement of the shell-side and tube-side fluid flow is 
shown. This paper proposes the double shell-passes multi-layer helically 
coiled tubes heat exchanger, and the geometric model is shown in Fig. 2 
(b). DSMHCTHE features the addition of two layers of guide cylinders 
with different diameters and concentric arrangement. They are arranged 
alternately, and the inlet of the shell-side fluid is connected to the inner 
guide cylinder. The arrangement of fluid flow is also shown in the figure. 
The purpose of setting guide cylinders is to guide the flow of the shell- 
side fluid, allowing it to undergo sufficient heat exchange with the he
lically coiled tubes, thereby improving the heat transfer efficiency of the 
heat exchanger. The structural parameters of the helically coiled tubes in 
DSMHCTHE and MHCTHE are the same. The diameter of the inner guide 
cylinder in DSMHCTHE is DCore1=0.5 × D1, and the diameter of the 
outer guide cylinder is DCore2=0.5 × (D1+D2). The detailed geometric 
parameters of the heat exchangers are shown in Table 1. 

The same boundary conditions are applied to both heat exchangers:  

(1) Tube-side fluid inlet temperature, TTi=333.15 K. Overall tube- 
side flow rate, mT=4 L⋅min− 1, with the same flow rate for 
different helically coiled tubes.  

(2) Inlet temperature of shell-side fluid, TSi=291.65 K. Shell-side 
flow rate, mS=3 L⋅min− 1.  

(3) The tube walls adopt a no-slip conjugate heat transfer boundary, 
and the outer wall of the shell is set as an adiabatic boundary.  

(4) The outlets are both set as no backflow pressure outlets, with an 
outlet gauge pressure, Pout=0 Pa. 

2.2. Governing equation 

Under steady-state conditions, the governing equations for incom
pressible fluid can be written as the following form. 

Continuity equation: 

∂
∂xi

(ui) = 0 (1) 

Momentum equation: 

∂
∂xi

(
ρuiuj

)
= −

∂p
∂xi

+
∂

∂xj

(

(μ+ μt)

(
∂ui

∂xj
+

∂uj

∂xi

))

(2) 

Energy eqiatopm: 

∂
∂xi

(ρuiT) =
∂

∂xi

((
μ
Pr

+
μt

Prt

)
∂T
∂xi

)

(3) 

Where u is the velocity component, T is the temperature, ρ is the 
density of fluid, μ is the dynamic viscosity, λ is the thermal conductivity, 
cp is the specific heat capacity, Pr is the Prandtl number. 

Different turbulence models are compared, including the standard k- 
ε model, realizable k-ε model, Reynolds Stress model (RSM) and SST k-ω 
model. Considering the computational efficiency and prediction accu
racy, the standard k-ε model is used as the turbulence model in this 
study. The Standard k-ε model, proposed by Launder and Spalding [30], 
is a semi-empirical model and is the most commonly used turbulence 
model in engineering fluid simulations. Its main advantages include 
good robustness, economy, a wide range of applicability, and reasonable 
accuracy. The transport equations under steady-state conditions are 
shown as follows: 

∂
∂xi

(ρkui) =
∂

∂xj

[(

μ+
μt

σk

)
∂k
∂xj

]

+ Gk + Gb − ρε − YM + Sk (4)  

∂
∂xi

(ρεui) =
∂

∂xj

[(

μ+
μt

σε

)
∂ε
∂xj

]

+ C1ε
ε
k
(Gk +C3εGb) − C2ε

ε2

k
+ Sε (5)  

μt = ρCμ
k2

ε (6) 

Where Gk represents the turbulent kinetic energy generated by the 
mean velocity gradient, Gb is the turbulent kinetic energy generated by 
buoyancy, Sk and Sε represent the terms of user-defined source. Ac
cording to the literature [31], C1ε,C2ε,Cμ,σk and σε are constants with 
default values: C1ε=1.44,C2ε=1.92,Cμ=0.09,σk=1.0,σε=1.3. 

The flow space inside the heat exchangers are divided into the tube- 
side and shell-side regions. The cold and hot fluids enter the heat 
exchanger through different nozzles, and heat is transferred and 
exchanged through the tube-walls. Coupling the convective-diffusive 
mechanisms in the fluid domain with the heat conduction in the solid 
domain forms a conjugate heat transfer model. The governing equation 
for the solid region is: 

∂
∂t
(ρwh) + ∇⋅( v→ρwh) = ∇⋅(λw∇T) + Sh (7) 

Where h =

∫T

Tref

cpdT is the sensible enthalpy, ρw is the density of the 

heat exchanger tube material, λw is the thermal conductivity of the tube 
wall, v→ is related to the motion of the solid region, and Sh is the volu
metric heat source term. 

This study conducts numerical simulation research on the flow and 

Table 1 
Detailed geometric parameters of the heat exchangers.  

Geometrical parameters MHCTHE DSMHCTHE 

Internal diameter of tube 1 and 2 (di) 8.12 mm 8.12 mm 
External diameter of tube 1 and 2(do) 9.52 mm 9.52 mm 
Shell diameter (DS) 140 mm 140 mm 
Shell length (LS) 340 mm 340 mm 
Coil diameter of tube 1 (D1) 50 mm 50 mm 
Coil pitch of tube 1 (H1) 20 mm 20 mm 
Coil diameter of tube 2 (D2) 100 mm 100 mm 
Coil pitch of tube 2 (H2) 20 mm 20 mm 
Number of turns of tube 1 15 15 
Number of turns of tube 2 15 15 
Diameter of inner cylinder (DCore1) — 27 mm 
Length of inner cylinder (LCore1) — 320 mm 
Diameter of inner cylinder (DCore2) — 77 mm 
Length of inner cylinder (LCore2) — 320 mm  
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heat transfer performance of the helically coiled tubes heat exchangers 
under steady-state, non-phase-change conditions. Since there is no 
rotation or translation motion of the solid, Eq. (7) can be written as: 

∇⋅(λw∇T) = 0 (8)  

2.3. Meshing 

The number of grids can affect the results of numerical simulations, 
grids independence verification is necessary. Five sets of grids were 
generated for MHCTHE and DSMHCTHE, and the corresponding tem
perature changes at the outlet are shown in Fig. 4. The grids numbers 
and temperatures are listed in Table 2. The wall functions affect the 
solution of the flow law in the boundary layer. With the increasing of 
grids, the y+ varies in the range of 25 to 1 at tube-side. Therefore, the 

enhanced wall treatment method was adopted in this study. It can be 
observed that from the third set of grids onward, the calculated outlet 
temperature hardly changes with an increase in the number of grids. The 
meshing method of the third set of grids was adopted, and the corre
sponding grid settings are as follows: the first layer near the wall has a 
grid size of 0.1 mm with a total of 7 inflation layers. The near-wall grid 
growth rate is 1.2, the face grid size ranges from a minimum of 1 mm to a 
maximum of 9 mm, and the volume grid uses the Polyhexdra form. Fig. 3 
presents the generated mesh of the heat exchangers. The commercial 
software FLUENT was employed for numerical simulation. The finite 
volume method was adopted for discrete governing equations, and the 
discrete format was a second-order upwind scheme. The SIMPLE algo
rithm was implemented to solve the coupling of pressure and velocity. 
The convergence was set to a residual of less than 10− 5 for the continuity 
and momentum equations and less than 10− 6 for the energy equations. 

3. Experiment setup and data processing 

3.1. Experiment setup 

The experimental system comprises the tested heat exchanger, a 
thermostatic water storage tank, a circulation pump, an electric heating 
device, measurement systems, valves, and pipelines. As shown in Fig. 5, 
the experimental system consists of two circuits: the hot fluid circuit 
passing through the helically coiled tubes and the cold fluid circuit 
passing through the shell-side of the heat exchanger. At the inlet of the 
heat exchanger, the hot fluid is divided into two branches, each 

Table 2 
Grid-independence for the MHCTHE and DSMHCTHE.    

Mesh 1 Mesh 2 Mesh 3 Mesh 4 Mesh 5 

MHCTHE Grids 
number 

116.4 ×
104 

183.5 ×
104 

306.2 ×
104 

481.3 ×
104 

597.4 ×
104  

TSo 307.79 308.96 309.76 309.82 309.86  
TT0 321.04 320.17 319.57 319.52 319.49 

DSMHCTHE Grids 
number 

178.9 ×
104 

265.7 ×
104 

368.4 ×
104 

553.8 ×
104 

672.5 ×
104  

TSo 310.28 311.72 312.37 312.44 312.39  
TT0 319.18 318.10 317.61 317.56 317.60  

Fig. 3. Generated mesh for the heat exchangers.  

Fig. 4. Grids independence verification of the MHCTHE and DSMHCTHE.  
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controlled by an individual valve and equipped with a flowmeter. After 
heat exchange in the tested heat exchanger, the hot fluid with reduced 
temperature flows through the electric heating device, reaches the set 
temperature, and returns to the thermostatic water storage tank. The 
cold fluid exits the heat exchanger and is discharged. Moreover, the 
physical appearance of MHCTHE and DSMHCTHE are displayed, along 
with a snapshot of the experimental setup. 

The heat exchanger is composed of helically coiled copper tubes and 
an acrylic shell, with seams at the connections sealed using waterproof 
materials. Before integrating the heat exchanger into the experimental 
system, a water tightness test is conducted at atmospheric pressure to 
ensure complete sealing. Additionally, the heat exchanger and pipelines 
are wrapped with insulation material and aluminum foil to reduce heat 
dissipation between the experimental system and the environment. 

The data to be measured in the experimental system includes the 
following: all outlet temperatures of the tested heat exchanger, flow 
rates in all circuits (including branches), and the pressure differentials 
between the corresponding inlet and outlet of the heat exchanger. 

Additionally, it is necessary to monitor the temperatures at each inlet of 
the heat exchanger. 

The variables for the experimental conditions are as follows: shell- 
side volumetric flow rate (mS), tube-side volumetric flow rate (mT), 
and the maximum temperature difference across the heat exchanger 
(ΔTmax, i.e., the difference between the cold and hot inlet temperatures). 
The operational parameters are listed in Table 3, with the shell-side flow 
rate ranging from 2 to 5 L⋅min⁻1, and the tube-side branch (per layer of 
tubes) flow rate varying from 1 to 3 L⋅min⁻1. The shell-side represents 
the cold fluid with an inlet temperature of 18.5 ◦C, while the tube-side 
represents the hot fluid with an inlet temperature ranging from 50 to 
70 ◦C. The Hall pulse flow sensor is used to collect the flow. The flow 
ranges of shell and tube branches are 1~20 L⋅min⁻1 and 0.3~3 L⋅min⁻1, 
respectively, with an accuracy of 3 %FS. The accuracy of the thermo
couple after calibration test is about ±0.2 ◦C. The Pressure sensor has a 
measuring range of 0~50 kPaG and an accuracy of ±0.1 %FS. 

3.2. Data processing 

The heat transfer rates QS and QT for the shell-side and tube-side 
fluids, respectively, are given by: 

QS = mSρScp,s|TSo − TSi| (9)  

QT = mTρTcp,t|TTo − TTi| (10) 

The total heat transfer rate of the heat exchangers is represented by 
the average heat transfer rate Q of the cold and hot fluids: 

Fig. 5. Experimental system diagram.  

Table 3 
Experimental condition parameter range.   

Total flow 
rate in 
tube-side 
(mT) 

Total flow 
rate in 
shell-side 
(mS) 

Inlet 
temperature of 
tube-side flow 
(TTi) 

Inlet 
temperature of 
shell-side flow 
(TSi) 

Operating 
condition 

2–6 
L⋅min− 1 

2–5 
L⋅min− 1 

50–70 ◦C 18.5 ◦C  
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Q =
mTρTcp,t

⃒
⃒TTo − TTi

⃒
⃒+ mSρScp,s

⃒
⃒TSo − TSi

⃒
⃒

2
(11) 

Where mT and mS are the volumetric flow rates of the tube-side and 
shell-side, respectively. ρT and ρS are the densities of the tube-side and 
shell-side fluids, cp,t and cp,s are the specific heat capacities at constant 
pressure for the tube-side and shell-side fluids. TTi and TTo are the inlet 
and outlet temperatures of the tube-side fluid, while TSi and TSo are the 
inlet and outlet temperatures of the shell-side fluid. 

The total heat transfer rate also satisfies the following equation: 

Q = φUoAoΔTLMTD (12)  

ΔTLMTD =
(TSi − TTo) − (TSo − TTi)

ln[(TSi − TTo)/(TSo − TTi)]
(13) 

Where φ is the temperature difference correction factor, which is 
obtained by table lookup and is less than 1. ΔTLMTD is the logarithmic 
mean temperature difference of the heat exchanger, Ao is the heat 
transfer area calculated based on the tube outer diameter, and Uo is the 
overall heat transfer coefficient of the heat exchanger. 

1
Uo

=
1
hS

+
do

di

1
hT

+
do

2λw
ln
(

do

di

)

(14) 

Where hT and hS are the heat transfer coefficients for the tube-side 
and shell-side, respectively. 

The calculation method for the Nusselt number is: 

Nu =
hDh

λ
(15) 

Where λ is the thermal conductivity of the fluid. Dh is the hydraulic 
diameter. For the tube-side, Dh=di, while for the shell-side, the calcu
lation of Dh is as follows: 

Dh =
4VS

AS
(16) 

Where VS is the volume of shell-side domain, AS is the contact area of 
fluid on shell-side. 

The calculation method for the Reynolds number is: 

Re =
4mρ
μπDh

(17) 

The calculation method for the heat transfer coefficient on the tube- 
side is as follows[6]: 

Recr = 20, 000(d/D)
0.32 (18) 

If Re<Recr, Manlapaz’s correlation [32] is used: 

Nu =

[(

3.657 +
4.343

(1 + 957/(PrHe2))
2

)3

+ 1.158
(

He
1 + 0.477/Pr

)3/2
]1/3

(19) 

If Re>Recr, Rogers’ correlation [33] is used: 

Nu = 0.023Re0.85Pr0.4(d/D)
0.1 (20) 

The shell-side heat transfer coefficient is calculated according to the 
following equation: 

hS =

[
1

Uo
−

do

di

1
hT

−
do

2λw
ln
(

do

di

)]− 1

(21) 

The thermal effectiveness (ε) represents the ratio of the actual heat 
transfer rate under given conditions to the theoretical maximum heat 
transfer rate. It is commonly used to assess the heat transfer capability of 
a heat exchanger and ranges between 0 and 1. A higher value indicates a 
stronger heat transfer capability. The calculation method is as follows: 

ε =
Q

Qmax
=

Q
(
Mcp

)

min|TSi − TTi|
(22) 

However, evaluating the heat exchanger solely based on thermal 
effectiveness is evidently not objective, as an increase in thermal 
effectiveness might lead to an increase in pressure loss for the heat 
exchanger. To explore the potential of DSMHCTHE, a comprehensive 
evaluation criterion considering both heat transfer and pressure drop is 
necessary. The comprehensive performance (ξ) of the heat exchanger, an 
important indicator for assessing its performance, is calculated as 
follows: 

ξ =
Q

WP
=

Q
∑

mΔP
(23) 

From equation (23), it can be observed that the comprehensive 
performance is defined as the ratio of the average heat transfer rate and 
pump power (WP). A higher ξ indicates better heat transfer performance 
under the same pump power, making it suitable for comparing the 
performance of different heat exchangers. 

3.3. Uncertainty acquisition 

The method for calculating the uncertainty of the target variables is 
as follows: 

|δUw| =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(

∂w
∂x1

δx1

)2

+

(
∂w
∂x2

δx2

)2

+ ⋅⋅⋅ +
(

∂w
∂xn

δxn

)2
√

(24) 

In the equation, w represents the target variable, where x1 to xn are 
indirectly contributing independent variables, and there exists a map
ping relationship w = f(x1,x2,…,xn). The relative uncertainty of w, 
denoted as Uw, is calculated as follows: 

Uw =

⃒
⃒
⃒
⃒
δUw

w

⃒
⃒
⃒
⃒× 100% (25) 

The uncertainty of the heat transfer rate (Q) is given by: 

δQS =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(

∂QS

∂MS
δMS

)2

+

(
∂QS

∂TSi
δTSi

)2

+

(
∂QS

∂TSo
δTSo

)2
√

= ρSmScp,s

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

[(TSo − TSi)δmS]
2
+ (δTSi)

2
+ (δTSo)

2
√

(26)  

δQT =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

2

[(
∂QT

∂MT
δMT

)2

+

(
∂QT

∂TTi
δTTi

)2

+

(
∂QT

∂TTo
δTTo

)2
]√

√
√
√

=
̅̅̅
2

√
ρTmTcp,t

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

[(TTo − TTi)δmT]
2
+ (δTTi)

2
+ (δTTo)

2
√

(27)  

δQ = δQS + δQT (28) 

The uncertainty of the logarithmic mean temperature difference 
(ΔTLMTD) is expressed as: 

δ(ΔTLMTD) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
⎡

⎢
⎢
⎢
⎣

1

ln
ΔT1

ΔT2

−
(ΔT1 − ΔT2)

ΔT1

(

ln
ΔT1

ΔT2

)2

⎤

⎥
⎥
⎥
⎦

2

δ(ΔT)2

+

⎡

⎢
⎢
⎢
⎣

− 1

ln
ΔT1

ΔT2

+
(ΔT1 − ΔT2)

ΔT2

(

ln
ΔT1

ΔT2

)2

⎤

⎥
⎥
⎥
⎦

2

δ(ΔT)2

√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

(29) 

The overall heat transfer coefficient (Uo), determined by equation 
(14), is evaluated for uncertainty using the following method: 
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δUo =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
[

δ(Q)

AoΔTLMTD

]2

+

[
Qδ(ΔTLMTD)

Ao(ΔTLMTD)
2

]2
√
√
√
√ (30) 

The uncertainty of the shell-side heat transfer coefficient (hS) is 
calculated as follows: 

δhS =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
[∂
(
Uo

− 1 + c
)

∂Uo
δUo

]2
√

=
1

(cUo + 1)2 δUo (31)  

where c = −
[

do

dihT
+ do

2λw
ln
(

do
di

)]
. 

The uncertainty of the thermal effectiveness (ε) is expressed as: 

δε =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
[

δQave

Mcp(TSi − TTi)

]2

+

[
Qave

cp(TSi − TTi)

δM
M2

]2

+

(
Qave

Mcp

δT
TSi

)2

+

(
Qave

Mcp

δT
TTi

)2

√
√
√
√
√
√
√
√

(32) 

The uncertainty of the pump power (WP) is expressed as: 

δ(WP) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

[ΔPSδ(mS)]
2
+ [ΔPTδ(mT)]

2
+ [mSδ(ΔPS)]

2
+ [mTδ(ΔPT)]

2
√

(33) 

The uncertainty of the comprehensive performance (ξ) is expressed 
as: 

δ(ξ) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
[

δ(Q)

WP

]2

+

[
Q

WP
2 δ(WP)

]2
√

(34) 

The uncertainties for the measured parameters are calculated and 

Table 4 
Main uncertainties of the experimental systems.   

MHCTHE DSMHCTHE 

Heat transfer rate (Q) ±1.78 % ±1.82 % 
logarithmic mean temperature difference (ΔTLMTD) ±1.21 % ±1.39 % 
Overall heat transfer coefficient (Uo) ±3.71 % ±3.82 % 
Shell-side heat transfer coefficient (hS) ±5.47 % ±5.71 % 
Thermal effectiveness (ε) ±5.79 % ±5.75 % 
Comprehensive performance (ξ) ±3.05 % ±2.84 % 
Pressure drop (ΔP) ±0.2 % ±0.2 %  

Fig. 6. Verification of experimental results of helically coiled tubes heat exchangers.  
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Fig. 7. Velocity contour of MHCTHE and DSMHCTHE in cross sections.  
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Fig. 8. Temperature contour of MHCTHE and DSMHCTHE in cross sections.  
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listed in Table 4. It can be observed that the uncertainties in the 
experimental measurements in this study are within a reasonably 
acceptable range, indicating a high level of accuracy in the obtained 
data. 

4. Numerical model validation 

The simulation results of the heat transfer coefficients and the 
comprehensive performance are verified by the experimental data, as 
illustrated in Fig. 6. From the comparative results in Fig. 6(a), it presents 
the comparison between the experimentally obtained total heat transfer 
coefficient, shell-side heat transfer coefficient, and different turbulence 
models. The maximum deviation in total heat transfer coefficient is 6.49 
% to 13.5 %, and for the shell-side heat transfer coefficient, it is 8.90 % 
to 19.7 %. Fig. 6(b) presents the deviation of the comprehensive per
formance of the heat exchanger obtained by numerical simulation is 
8.48 % to 16.6 % compared with the experimental data. For the heat 
transfer coefficient, the performance of standard k-ε model and Rey
nolds Stress model are closer to the experimental value, while for the 
comprehensive performance of the heat exchanger, standard k-ε model 
is closer to the experimental value. Therefore, it is more appropriate to 
choose standard k-ε model as turbulence model. 

5. Results and discussion 

5.1. Simulation results 

Fig. 7 illustrates the velocity distribution contours for MHCTHE and 
DSMHCTHE, while Figs. 8-9 present temperature contours for both heat 
exchangers (mS=3 L⋅min− 1, mT=4 L⋅min− 1). The design of the double 
shell-passes structure improves the uneven shell-side velocity distribu
tion and low velocity issues, moreover, the temperature of DSMHCTHE 
at shell-side outlet is higher than that of MHCTHE. This means that the 
shell fluid of DSMHCTHE obtains more heat from the tubes, and the heat 
transfer efficiency of the heat exchanger is improved. The total heat 
transfer rate of DSMHCTHE is 4499 W, which represents a 7.3 % 
improvement compared to MHCTHE. Calculations reveal that the total 
heat transfer coefficient and shell-side heat transfer coefficient for 
MHCTHE are 812 W⋅m⁻2⋅K⁻1 and 1143 W⋅m⁻2⋅K⁻1, respectively. Under 
the same operating conditions, DSMHCTHE achieves total heat transfer 
and shell-side heat transfer coefficients of 1000 W⋅m⁻2⋅K⁻1 and 1554 
W⋅m⁻2⋅K⁻1, respectively, marking a 23.2 % and 36.0 % enhancement 
compared to MHCTHE. 

5.2. Experimental results 

Figs. 10-11 depict the variations in heat transfer rate for MHCTHE 
and DSMHCTHE with changes in flow rate and fluid inlet temperature 
difference. From the figures, it is evident that both types of heat ex
changers exhibit similar trends, wherein the heat transfer rate increases 
with an increase in flow rate on either side. With an increase in shell-side 
flow rate, the heat transfer rate for MHCTHE increases by 14.2 % to 46.3 
%, while for DSMHCTHE, it increases by 13.8 % to 47.1 %. As the tube- 
side flow rate increases, the heat transfer rate for MHCTHE increases by 
15.7 % to 56.7 %, and for DSMHCTHE, it increases by 17.9 % to 61.3 %. 
Additionally, the heat transfer rate increases with an increase in the inlet 
temperature difference between the cold and hot fluids. When the inlet 
temperature increases from 50 ◦C to 70 ◦C, the heat transfer rate for 
MHCTHE and DSMHCTHE increases by 77.1 % and 75.3 %, respectively. 
Under the same experimental conditions, DSMHCTHE exhibits a 5.1 % 
to 12.9 % higher heat transfer rate compared to MHCTHE. It can be 
observed that an increase in flow rate on either side leads to a rise in the 
total heat transfer rate. Moreover, an increase in the temperature dif
ference at the fluid inlet further enhances the heat transfer. This pattern 
applies to the two kinds of heat exchangers. Additionally, the structure 
of DSMHCTHE can further reinforce the effectiveness of heat transfer. 
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This enhancement stems from the presence of flow deflection structures, 
which redistribute fluid flow, augmenting flow velocities near the he
lical tubes and thereby reinforcing heat transfer effects, particularly 
evident at higher flow rates. 

Figs. 12-13 illustrate the variations in the total heat transfer coeffi
cient for MHCTHE and DSMHCTHE with changes in flow rate and fluid 
inlet temperature difference. From the figures, it is observed that with an 
increase in flow rate or an increase in inlet temperature difference, the 
total heat transfer coefficient for both types of heat exchangers shows an 
increasing trend. As the shell-side flow rate increases, the total heat 
transfer coefficient for MHCTHE increases by 10.8 % to 24.5 %, while for 
DSMHCTHE, it increases by 5.5 % to 26.3 %. With an increase in tube- 
side flow rate, the total heat transfer coefficient for MHCTHE increases 
by 7.7 % to 38.5 %, and for DSMHCTHE, it increases by 11.0 % to 41.4 
%. When the inlet temperature increases from 50 ◦C to 70 ◦C, the total 
heat transfer coefficient for MHCTHE and DSMHCTHE increases by 12.8 
% and 11.7 %, respectively. Under the same operating conditions, 

DSMHCTHE exhibits a 21.5 % to 29.0 % higher total heat transfer co
efficient compared to MHCTHE. For both types of heat exchangers, the 
trends induced by operational variations are similar, while the new flow 
pattern is one of the primary reasons for DSMHCTHE having a higher 
heat transfer coefficient. 

Figs. 14-15 present the variations in the shell-side heat transfer co
efficient for MHCTHE and DSMHCTHE with changes in flow rate and 
fluid inlet temperature difference. The shell-side heat transfer coeffi
cient shows an increasing trend with an increase in flow rate and is also 
influenced by an increase in inlet temperature difference. Under the 
same operating conditions, DSMHCTHE exhibits a shell-side heat 
transfer coefficient 36.2 % to 47.5 % higher than that of MHCTHE. 

Figs. 16-17 depict the variations in heat transfer effectiveness for 
MHCTHE and DSMHCTHE with changes in flow rate and fluid inlet 
temperature difference. It can be observed that the trends in thermal 
effectiveness for both types of heat exchangers are generally similar. In 
this experiment, the shell-side fluid is the cold fluid, and the tube-side 

Fig. 10. Variation of heat transfer rate with flow rate of the heat exchangers.  

Fig. 11. Variation of heat transfer rate with inlet temperature difference of the heat exchangers.  

Y. Yuan et al.                                                                                                                                                                                                                                    



International Journal of Heat and Mass Transfer 227 (2024) 125497

13

fluid is the hot fluid. The thermal effectiveness of the heat exchanger 
decreases with an increase in shell-side flow rate and increases with an 
increase in tube-side flow rate. This is because in the calculation of 
thermal effectiveness in this study, the theoretical maximum heat 
transfer rate is calculated based on the heat capacity of the cold fluid. 
While increasing the shell-side flow rate enhances heat transfer, the 
actual rate of increase in heat transfer is lower than the theoretical 
maximum heat transfer rate. 

With an increase in shell-side flow rate, the thermal effectiveness of 
MHCTHE decreases by 18.2 % to 47.8 %, and that of DSMHCTHE de
creases by 17.7 % to 47.8 %. As the tube-side flow rate increases, the 
thermal effectiveness of MHCTHE increases by 14.0 % to 56.1 %, and 
that of DSMHCTHE increases by 17.9 % to 61.3 %. With a constant flow 
rate, there is no significant change in the thermal effectiveness of both 
heat exchangers when the inlet temperature increases from 50 ◦C to 70 
◦C. Under the same operating conditions, DSMHCTHE exhibits a thermal 
effectiveness 5.1 % to 12.9 % higher than that of MHCTHE. 

Table 5 presents a comparison between the research results of this 

study and similar studies on helically coiled tube heat exchangers, 
including the flow rates, total heat transfer, and heat transfer co
efficients adopted under experimental conditions. The overall heat 
transfer coefficients for MHCTHE ranged from 569 to 976 W⋅m− 2⋅K− 1, 
while for DSMHCTHE, the overall heat transfer coefficients ranged from 
724 to 1247 W⋅m− 2⋅K− 1 under the experimental conditions. It is evident 
that DSMHCTHE performs better than MHCTHE. Jamshidi et al. [9]. 
conducted experimental research on helically coiled tube heat ex
changers and obtained total heat transfer coefficients ranging from 475 
to 1143 W⋅m− 2⋅K− 1. Ghorbani et al. [12]. experimentally tested heli
cally coiled tube heat exchanger, with total heat transfer coefficients 
ranging from 405 to 1200 W⋅m− 2⋅K− 1. Alper et al. [29]. numerically 
simulated and experimentally investigated helically coiled tube heat 
exchanger with circular baffle plates, with total heat transfer coefficients 
ranging from 800 to 1400 W⋅m− 2⋅K− 1. Panahi et al. [34]. conducted 
experimental research by placing disturbance wires inside the helically 
coiled tube as elements for enhancing heat transfer, with total heat 
transfer coefficients ranging from 475 to 1700 W⋅m− 2⋅K− 1. Comparing 

Fig. 12. Variation of overall heat transfer coefficient with flow rate of the heat exchangers.  

Fig. 13. Variation of overall heat transfer coefficient with inlet temperature difference of the heat exchangers.  
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the research results of this study with similar literature reveals consis
tency in performance variations. It is noteworthy that due to differences 
in structural parameters or experimental conditions among various 
studies, direct measurement and comparison of different works are 
challenging. Nevertheless, the results of this study are in good agree
ment with similar literature. 

Fig. 18 illustrates the variations in pressure drop on both sides of the 
heat exchanger with changes in flow rate. With an increase in shell-side 
flow rate, the shell-side pressure drop for DSMHCTHE is 60.7 % to 83.4 
% higher than that of MHCTHE. However, the tube-side pressure drop 
for both heat exchangers shows a minor difference, with the outer layer 
of helically coiled tubes having a pressure drop 61.6 % to 68.3 % higher 
than the inner layer. 

Fig. 19 presents a comparison of the comprehensive performance of 
the heat exchanger under different flow rates and inlet temperature 
differences. The ratio of the comprehensive performance of DSMHCTHE 
to MHCTHE is used as the vertical axis. A ratio greater than 1 indicates 
that DSMHCTHE can provide a stronger heat transfer effect while 

consuming the same pump power. As shown in Fig. 19(a), the ratio 
increases first and then decreases with an increase in shell-side flow rate. 
In Fig. 19(b), the ratio increases initially and then levels off with an 
increase in tube-side flow rate, with the increment diminishing as the 
tube-side flow rate increases. This is because, under the experimental 
conditions, the tube-side pressure drop is significantly higher than the 
shell-side pressure drop. Increasing the flow rate on either side can 
enhance the total heat transfer rate to some extent, and the tube-side 
pressure drop difference between the two heat exchangers is minimal. 
DSMHCTHE can obtain more heat transfer, and under the experimental 
conditions, the ratio of its comprehensive performance can reach 1.12. 
In Fig. 19(c), the ratio of comprehensive performance remains relatively 
constant with an increase in inlet temperature difference, indicating that 
the ratio of comprehensive performance is not significantly affected by 
the inlet temperature difference. 

Fig. 14. Variation of shell-side heat transfer coefficient with flow rate of the heat exchangers.  

Fig. 15. Variation of shell-side heat transfer coefficient with inlet temperature difference of the heat exchangers.  
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Fig. 16. Variation of heat transfer effectiveness with flow rate of the heat exchangers.  

Fig. 17. Variation of heat transfer effectiveness with inlet temperature difference of the heat exchangers.  

Table 5 
Comparison of this work with literatures on similar helically coiled tube heat exchangers.   

Method Flow rate of shell-side Flow rate of tube-side Q (W) hS (W⋅m− 2⋅K− 1) hT (W⋅m− 2⋅K− 1) Uo (W⋅m− 2⋅K− )  

Exp Sim       

Shokouhmand[7] √  0.019–0.136 kg⋅s− 1 0.016–0.113 kg⋅s− 1 — — 1467–4267 270–700 
Alper[29] √ √ 2–6 L⋅min− 1 3–4 L⋅min− 1 2950–5350 1090–2700 5200–6500 800–1400 
Salem[35] √  1.7–11.2 L⋅min− 1 1.7–11.2 L⋅min− 1 — — — 200–1500 
Tuncer[36] √ √ 2–3 L⋅min− 1 0.031–0.076 kg⋅s− 1 2000–4600 2250–4050 5700–13,400 1600–3150 
Panahi[34] √  1–5 L⋅min− 1 1–3 L⋅min− 1 — — — 475–1700 
Miansari[27]  √ 0.015–0.66 kg⋅s− 1 0.03 kg⋅s− 1 1773–3069 — — — 
Wang[37]  √ 0.5–1.5 L⋅min− 1 0.5–1.5 L⋅min− 1 1000–1650 — — — 
Jamshidi[9] √  1–4 L⋅min− 1 1–4 L⋅min− 1 — — — 475–1143 
Ghorbani[12] √  0.03–0.113 kg⋅s− 1 0.03–0.113 kg⋅s− 1 1538–13,513 480–1520 — 405–1200 
MHCTHE √ √ 2–5 L⋅min¡1 2–6 L⋅min¡1 2700–6039 794–1366 2450–6590 569–976 
DSMHCTHE √ √ 2–5 L⋅min¡1 2–6 L⋅min¡1 2900–6750 1135–1963 2450–6590 724–1247  
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6. Conclusion 

This study proposes a novel double shell-passes structure for a multi- 
layer helically coiled tubes heat exchanger (DSMHCTHE) to enhance the 

heat transfer performance of the shell-side in helically coiled tube heat 
exchangers. The performance of DSMHCTHE is investigated through 
numerical simulations, and a comparison is made with a conventional 
multi-layer helically coiled tubes heat exchanger (MHCTHE). 

Fig. 18. Variation of pressure drop on both sides of the heat exchangers.  

Fig. 19. Changes in the ratio of comprehensive performance of the heat exchangers.  
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Furthermore, physical models of both heat exchangers are fabricated, 
and an experimental test system is established to study their perfor
mance. The variations in heat transfer, resistance, and comprehensive 
performance of the two heat exchangers under different flow rates and 
inlet temperatures are explored. 

The results indicate that the proposed double shell-passes structure 
design significantly improves the performance, with DSMHCTHE 
exhibiting superior heat transfer performance compared to MHCTHE, 
albeit with a higher shell-side pressure drop. Under the same experi
mental conditions, the heat transfer rate and thermal effectiveness of 
DSMHCTHE increased by 5.1 % to 12.9 %, the overall heat transfer 
coefficient increased by 21.5 % to 29.0 %, the shell-side heat transfer 
coefficient increased by 36.2 % to 47.5 %, and the shell-side pressure 
drop increased by 60.7 % to 83.4 %. Additionally, using the heat ex
changer’s comprehensive performance as an evaluation criterion, 
DSMHCTHE demonstrates superior comprehensive performance. 
Compared to MHCTHE, DSMHCTHE’s comprehensive performance im
proves by 12 %. 
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