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Abstract
A research on Thermo-hydraulic performance carried out on three types of heat exchanger with different baffles
inclination 15°, 25°, 45° by the computer code Fluent, the model achievable is turbulence k-ε. The results show
big recirculation zones and lower temperature peaks on the outlet for the decreased angles, the average heat transfer
coefficient decreased by 1 %, pressure loss decreased by 1.2%, amount of heat exchanged between the tubes and
the water increases by 1.2%.
Keywords: Baffle; Fluent; Pressure loss; Angle .

1. Introduction
The increase in energy performance requires the implantation of obstacles in the flow's vein in
the channels, for several years, heat exchangers have been the subject of multiple research
projects, the main purpose of which is to improve their performance. Anas et al. [1], have made
a comparison of three types of exchangers and show that the baffles lattice holes has higher
thermal performance. Gabriel et al. [2], noted a difference of 0.12 K with two software
packages, HTRI and Fluent 15.0. Fettaka et al. [3], carried an optimization study to minimize
the pumping power and the exchange surface according to the design variables. Ponce et al. [4],
have shown that the Bell-Delaware method gives a good results. Andrews et al. [5], have shown
that the better results with helical baffles compared to conventional baffles. Jian et al. [6],
compared experimentally two heat exchanger and show that the performance of the folded
baffle was higher than that of the transverse baffle. Cong et al. [7], showed that, the folded
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baffles are obviously higher performance than those transverse baffles. Youcef et al. [8] a
numerical simulations for wing baffles showed that the new shape baffles improve the
performance of the heat exchanger. Ahmed et al. [9, 10] showed after comparative numerical
simulation that the heat transfer coefficient increased by 1.86% and pressure loss increased by
21.67%.
In our study the performance of baffles inclination angle namely 15 °, 25 °, 45 ° and the different
thermo-hydraulic parameters are investigated.
2. Mathematical formulation of the problem
2.1 Problem geometry
It gives in figure 1, the baffles placed in alternate orientations to create flow paths on the tube
bundle. The geometric model created by varying the angle of inclination of the baffle by 15 °,
25 °, 45°. I explain the geometric modeling of the heat exchanger below, shell diameter, Ds=90
mm with length, L=600mm, tube diameter d=20mm.

(a)

(b)

(c)
Fig 1. Problem geometry (a) 15°, (b) 25°, (c) 45°.
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2.2 Governing equations
Continuity:
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2.3 Boundary conditions
We have applied a constant velocity and temperature for a hydraulic and thermal boundary
condition in the inlet of the computation domain and constant temperature at the tube.
3. Results and discussion
We will present the evolution of the velocity and of the temperature in the very important
sections which impose variations for these two parameters in the heat exchanger.
Table 1. Reynolds number
Inclination°

Re

10°

24749

20°

25241

40°

26591

3.1 Transverse velocity profile
The transverse velocity contour has been shown in figure 2 for the three baffles inclinations.
There is a high velocity at the two tubes in the middle and near the inner wall of the grille in
the section z = 0.02 m, this velocity remains elevated to the outlet. The higher inclination causes
a high fluid velocity because they decrease the resistance of the baffle.
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(a)

(b)

(c)
Fig 2. Temperature contour for (a) 15°, (b) 25°, (c) 45°
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Fig 3. Velocity profile z = 0.02 m for 15°, 45°
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The velocity distribution for the two configurations 15°, 45° shown in Figure 3. Below the
central tube the flow velocity for the 15° angle reach 1.96 m/s and decrease to 1.75 m/s at the
outlet. For the inclination of 45° the velocity reaches a value of 2.35 m/s and decreased to 1.85
m/s at the outlet of the shell, we see that there is a strong gradient of the velocity for the angle
of 45°. In great baffles inclinations the transversal component of the velocity is dominant.
3.2 Transverse temperature profile

(a)

(b)

(c)
Fig 4. Temperature contour for (a) 15°, (b) 25°, (c) 45°
Figure 4 shows the variations of the shell temperature for the three baffles inclinations. For
these configurations, the distribution of the temperature field becomes more homogeneous
because there is a smoother guide of fluid towards the tubes which cause an increase in the
water temperature.
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Fig 5. Temperature distribution for 15°, 45°.
The temperature curve are presented in Figure 5 at the outlet for the inclination angle of 15°
and 45°. For both cases the fluid temperature increased near the central tube and decrease when
away from. The average temperature for the angle 45° above the central tube is about 346 K
and the average temperature for the angle 15° in the same region is 340 K.
3.3 Total heat transfer rate
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Fig 6. Total heat transfer rate
A presentation of the total heat transfer rate for different baffles inclinations show in Figure 6.
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This parameter increases with the increase of inclination angle, that when the baffle inclination
increases by 15°, 25° to 45°, the heat transfer rate increases by 1.03% and 1, 11%. We can see
it that the heat exchanger with baffles inclination of 45° gives better values.
4. Conclusion
In this study, the shell design studied numerically by modeling a heat exchanger using ANSYS
Fluent. The study focuses on the performance of the heat exchanger for a baffle free segment
of 36% by varying the inclination angle.
The simulation results, temperature outlet, pressure drop, heat transfer coefficient, recirculation
near the baffles, the average outlet temperature increases by 4 K, the amount of heat exchanged
between the tubes and the water increases by 1.11%, with the increase from 15° to 45°.
5. References
[1] Anas E M, Azzedine L, Said S, Mustapha E M, Abdelkabir Z, Mohamed M, Abdelatif B A.
Numerical comparison of shell-side performance for shell and tube heat exchangers with trefoilhole,

helical

and

segmental

baffles.

Applied

Thermal

Engineering

2016;

doi:

10.1016/j.applthermaleng.2016.08.067
[2] Gabriel B L, Tânia S K, Ricardo A M. Assessment with computational fluid dynamics of
the effects of baffle clearances on the shell side flow in a shell and tube heat exchanger. Applied
Thermal Engineering 2016; doi: 10.1016/j.applthermaleng.2016.10.097
[3] Fettaka S, Thibault J, Gupta Y. Design of shell-and-tube heat exchangers using multi
objective

optimization.

International

Journal

of

Heat

and

Mass

Transfer;

doi:

10.1016/j.asej.2014.05.007
[4] Ponce O J M, Serna G M, Jimenez G A. Use of genetic algorithms for the optimal design of
shell-and-tube

heat

exchangers.

Applied

Thermal

Engineering

2009;

doi:

10.24247/ijmperdjun202026
[5] Andrews M, Master B. Three-dimensional modeling of a helixchanger heat exchanger using
CFD. Heat Transfer Engineering 2005; doi: 10.1080/01457630590950871
[6]. Jian W, Huizhu Y, Simin W, Yulan X, Xin T. Experimental investigation on performance
comparison for shell and tube heat exchanger with different baffles. International Journal of
Heat and Mass Transfer 2015; doi: 10.1016/j.ijheatmasstransfer.2014.12.071
[7] Cong D , Dongshuang L, Youqu Z , Guoneng Li, Yange S, Yaping C. An efficient and low
resistant circumferential overlap trisection helical baffle heat exchanger with folded baffles.
Energy Conversion and Management, 2016; doi: 10.1016/j.enconman.2016.01.055.
243

Youcef et al.

[8] Youcef A, Saim R, Öztop H, Ali M. Turbulent forced convection in a shell and tube heat
exchanger equipped with novel design of wing baffles, International Journal of Numerical
Methods for Heat & Fluid Flow, 2019; doi : 10.1108/HFF-12-2018-0754.
[9] Ahmed Y, Rachid S. Comparative numerical study of turbulent forced convection in a shell
and tube heat exchanger between the simple case and with cross baffles. Chemical Engineering
Transaction, 2018; DOI: 10.3303/CET1871160.
[10] Ahmed Y, Rachid S. Computational analysis of turbulent flow and thermal transfer in a
shell and tube heat exchanger. International Journal of Heat and Technology, 2019; doi :
10.18280/ijht.370413.

244

