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Abstract: This work is proposed to possessing the
characteristics of the simple fabrication of the shell and
tube heat exchangerwith segmental baffles (STHX-SG) and
thehelical flow of the shell and tube heat exchanger with
continuous helical baffles (STHX-CH) and a shell and tube
heat exchanger with staggered baffles (STHX-ST).The
baffles of the STHX-ST are arranged according to a certain
rule that the adjacentbaffles are staggered by a constant
counter clockwise or clockwise angle in sequence.
Comparisons of the heat transfer performance and pressure
drop among the STHX-SG, STHX-CH, and STHX-ST are
firstly carried out. Results show that the comprehensive
performance of the STHX-ST is superior the STHX-SGand
STHX-CH. The parametric studies about the baffle cut d
and staggered angle b are conducted forthe STHX-ST.
Keywords: Heat transfer enhancement, Shell and tube heat
exchanger, Numerical simulation
I. INTRODUCTION
To achieve the purpose of the energy saving and emission
reduction, heat exchangers play a essencial role in various
modern industry, such as chemical processing, and waste
heat recovery. The shell and tube type heat exchanger
(STHX) is one of the most widely used heat exchangers
owing to its versatile usability, easy maintenance, highpressure resistance, and high-temperature resistance [1]. The
flow manner of the working fluid in the shell-can be divided
into three types:, the longitudinal flow, the cross flow and the
helical flow. The conventional shell and tube heat exchanger
with segmental baffles (STHX-SG), of which a cross flow is
presented in the shell-side as illustrated in Fig. 1(a), is the
most common STHX because of its simple installation, low
cost, and high heat transfer performance. However, there are
some disadvantages, such as the high flow resistance, the
flow induced vibration, and dead zones for the STHX-SG [2].
A variety of studies have been conducted to improve the
comprehensive
performance of heat exchangers by
enhancing the heat transfer performance or reducing the flow
resistance by researchers from all over the world [7–11].
Particularly, the shell and tube heat exchanger with helical
baffles was invented by Lutcha et al.
[12] and
commercialized by ABB Lummus Global Inc [13].
Afterwards,
more and more improved structures and
measures were developed with respect to the helical flow
manner [14–17]. Typically, Wang et al. [18–21] proposed a
shell and tube heat exchanger with continuous helical baffles
(STHX-CH), and the ideal helical flow was generated in the

www.ijtre.com

shell-side, as depicted in Fig. 1(b). However, the complexity
of the fabrication about helical baffles was unavoidable,
which increased the manufacturing cost relative tothe STHXSG, obviously. Mellal et al. [22] investigated the effect of the
baffles orientation preliminarily for the STHX, and the
results showed that the case of baffle orientation angle of
180_ and baffle spacing of 64 mm, i.e., the conventional
STHX-SG, is the optimal structure. determined the best
configurations for the tube inserted with porous media using
Genetic Algorithm (GA). Cavazzuti and Corticelli [24]
proposed a robust automated method for the design of twodimensional enhanced surfaces. Abdollahi and Shams
however, an integrated research for the combination of the
STHX-SG and helical flow is not discussed. Basing on the
above studies, we propose a shell and tube heat exchanger
with staggered baffles (STHX-ST) in view of taking the
advantage of both the simple fabrication of the STHX-SG
and the helical flow of STHX-CH, as outlined in Fig. 1(c).

Fig :1: schmatic diagram of 1)STHX-SG 2)STHX-CH 3)
STHX-ST
In the STHX-ST, the baffles are arrayed according to a
certain rule that the adjacent baffles are staggered by a
constant clockwise or counter clockwise angle in sequence.
The fabrication and installation for staggered baffles are
quite simple compared with those for helical baffles.
Obviously, the baffle cut d, staggered angle b between the
adjacent baffles, and number of baffles n, as illustrated in
Fig. 2, have a significant effect on the comprehensive
performance of the STHX-ST. The baffle cut is defined as
the ratio of the cut height of the circular baffle and the inner
diameter of the shell. The parametric studies about the
effects of the d and b are also carried out This paper is
organized as follows: (1) In Section 2, the numerical method,
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adopted to verify the advantages of the STHX-ST, is
outlined. (2) In Section 3, the analysis and comparison of the
simulation results are performed for the STHX-SG, STHXCH, and STHX-ST; and then, effects of the baffle cut d and
staggered angle b are discussed for the STHX-ST; (3)
Conclusions are briefly summarized in Section 4.
II. MODEL DESCRIPTION
Assumptions (1) The thickness of baffles is ignored; (2) The
leakage flows, between baffles and the inner wall of the
shell, and between baffles and the outer wall of tubes, are
neglected; (3) The flow in the shell-side is in the turbulent
region; (4) The outer walls of three heat exchangers are wellinsulated, i.e., the heat flux to the surrounding is equal to
zero.
2.1. Physical models
The whole model of the shell-side is adopted as the
computational domain according to Ref. [26], in which Yang
et al. indicated that the whole model had a high accuracy to
predict the heat transfer performance and pressure drop.
Physical models and parameters of the STHX-SG, STHXCH, and STHX-ST, are depicted in Fig. 3.

steady, and the gravity of the working fluid is ignored. In
accordance with forementioned assumptions, governing
equations in relation to the mass, momentum, and energy for
numerical computations can be simplified and expressed in
the tensor form as follows [27,28]: Mass conservation
Momentum equation
𝜕 𝜌∗𝑈 𝑗
=0
𝜌𝑢 𝑗
Energy equation
𝜕 𝑈𝐽 𝑇
𝜕𝑋𝐽

𝜕𝑡
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𝜕

=

𝜕𝑋𝐽

𝜆 𝜕𝑇
𝜌𝐶𝑝 𝜕 𝑋 𝑗

The realizable k-e turbulence model [29,30] can provide the
superior performance for flows involving rotation, boundary
layer under strong adverse pressure gradients, separation,
and recirculation, relative to the standard k-e model [31].
Ozden and Ilker [32] tried to use three turbulence models to
simulate the flow and temperature characteristics of a STHX,
of which results revealed that the realizable k-e model was
the more suitable simulation approach. Consequently, it is
determined as the turbulence model for all simulations in this
work. Transport equations for the realizable k-e model are
given as follows:
Turbulent kinetic energy k equation
𝜕(𝜌𝜅 )

Fig 3: Geometry parameters of three STHX models (a)
STHX-SG(b)STHX-CH(c)STHX-ST
The same diameter of the shell, diameter and position of
inlet/outlet nozzles, and effective length of tubes are designed
for three STHX models. The triangular tube layout with
thirty-six identical tubes is applied for each STHX. The
centre rod is set in the STHX-CH considering the actual
installation of continuous helical baffles. Furthermore, nine
baffles are set in the STHX-SG and STHX-ST, and the
baffle spacing is equal to the helical pitch of the helical
baffle in the STHX-CH model. As depicted in Fig. 3(c),
semicircular baffles and vertical arrangement between
adjacent baffles, i.e., the baffle cut d = 0.5, staggered angle b
= 90_, and number of baffles n = 9 is designated as the
original research object for the STHX-ST. To simplify the
geometric structure and numerical computation,
2.2. Numerical simulation
2.2.1. Governing equations
The flow and heat transfer in the shell-side are assumed
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+

𝜕(𝜌𝜅 𝑢 𝑖 )
𝜕𝑥𝑖

𝜕

= 𝜕𝑥𝑗

𝜇

𝜇 𝜎𝑡

𝑘

𝜕𝑘
𝜕𝑥 𝑗

+ 𝐺𝐾 -𝜌𝜀

where C1 and C2 are the model coefficients; rk and re are the
turbulence Prandtl numbers for the k and e, respectively; Gk
represents the producing item of the k by the mean velocity
gradient, and it can be calculated as follows: 2.2.2. Boundary
conditions The three-dimensional, double precision,
pressure-based, and steady solver are adopted for the
numerical computations by the commercial CFD software
Fluent [31]. Governing equations are discretized with the
finite volume formulation with the SIMPLE pressurevelocity coupling algorithm. The second order upwind
scheme is chosen for the momentum, turbulent kinetic
energy, turbulent dissipation rate, and energy, while the
standard scheme is used for the pressure. Standard wall
functions are adopted as the near-wall treatment, and the noslip condition is applied to all solid walls. Water is selected
as the working fluid, and its thermo-physical property
parameters are temperature dependent as listed in Table 1.
Table 1 Thermo-physical property parameters of water. The
inlet temperature of the water is set as a

Table 1 : Thermo physical property of water.
constant of 293 K, and the temperature of the tube wall is
maintained at 353 K, thus water is heated in the shell-side.
The rest walls, including the shell, baffles, and tube sheets,
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are adiabatic. The velocity inlet and outflow boundary
conditions are adopted for the inlet and outlet, respectively.
The inlet velocity ranges from 0.40 to 3.19 m/s in pace with
the mass flow rate changing from 0.5 to 4 kg/s. The
turbulence intensity I and turbulence length scale l are used
as the turbulence specification method [31], and they are
described as follows: where Rein and Din are the Reynolds
number and inner diameter of the inlet, respectively.
2.4. Data reduction
The heat transfer rate Q via tube walls is calculated as
Q = M 𝐶𝑝 (𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛 )

is the optimal solution by the TOPSIS selection. (5) It is
proved that the STHX-SG, a special STHX-ST at the b =
180_, is not always the best choice from the view of heat
transfer enhancement. The STHX-ST can be considered to
replace the STHX-SG at some applications from the
perspective of the heat transfer enhancement. As a final
point, it is safe to conclude that the STHX-ST proposed in
this work provides a preferable and meaningful solution for
more efficient energy utilization in industrial applications.

[1]
where Tout and Tin are the static temperatures of the inlet
and outlet of the shell-side, respectively.
The heat transfer coefficient h can be expressed as
h=

𝑄

[2]

𝐴 ∆𝑇𝑚

where A is the total heat transfer area, and DTm is the log
mean temperature difference. They can be calculated by
following expressions:

[3]

A = 𝑁𝑡 π p d L
[4]
(𝑇𝑊 −𝑇𝑖𝑛 )−(𝑇𝑊 −𝑇𝑜𝑢𝑡 )

∆𝑇𝑚 =𝑙𝑛 [(𝑇

𝑤 −𝑇𝑖𝑛 )/(𝑇𝑤 −𝑇𝑜𝑢𝑡

)]

where Nt is the number of tubes; Tw is the wall temperature
of tubes.
The power consumption P caused by the flow resistance in
the shell-side is defined as
p = ∆𝑃 𝑉
here, Dp is the pressure drop between the inlet and outlet; V
is the volume flow rate of the working fluid.
III. CONCLUSIONS
A shell and tube heat exchanger with staggered baffles
(STHXST) was proposed in this paper. The STHX-ST
possessed the characteristics of the simple fabrication of the
STHX-SG and the helical flow of the STHX-CH. Numerical
analyses with respect to the heat transfer performance and
pressure drop were conducted for the three STHXs. Effects
of different parameters, including the baffle cut and the
staggered angle, were studied for the STHX-ST. The
conclusions can be summarized as follows: (1) With the
regularly staggered arrangement of baffles, the helical flow is
generated in the shell-side of the STHX-ST. (2) The
comprehensive performance characterized by the relationship
between the heat transfer rate and power consumption of the
STHX-ST is superior to those of the STHXSG and STHXCH. Namely, for the STHX-ST, the reduction of the heat
transfer rate is cost-effective and meaningful considering the
more significant decrease in the power consumption
compared with the STHX-SG and STHX-CH. (3) The Pareto
front for the heat transfer rate and pressure drop is obtained.
The heat transfer rate under unit pressure drop Q/Dp reaches
the summit for the STHX-ST at the d = 0. 49, b = 64_, and n
= 7. The design variable for the d = 0. 45, b = 79_, and n = 11
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