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Abstract.Taking the uniformity of the flow field and pressure field on the tube plate as a
measure, this paper designs four kinds of circular distribution plates which is installed at the
chamber to improve fluid field distribution. The simulation on CFD results show that the
circular distribution plate can improve the flow field distribution and pressure field distribution
obviously on the tube plate.Under the condition of a certain opening rate,when the diameter
ratio of the circular plate to the tube plate is about 0.5, the distribution of the flow field and the
pressure are more uniform.The research results have a certain guiding significance for the
selection and design of the circular distribution plate in the inlet chamber.

1. Instruction
Shell-and-tube (heat) exchanger is widely used in process industry, it can change the temperature of
process medium and get waste heat recovery[1]. As usually it is assumed that the fluid on the tube
plate distribute uniformly. In fact because of jet flow and not fully developed, there is a great
difference of fluid capacity between different heat exchange tube.The flow field distribution in the
inlet chamber and on the tube plate of the shell and tube heat exchanger has an important effect on the
heat transfer efficiency and leakage of the tube-to-tube plate connection.Wu Jinxing[2]studied the
influence of conical tube on the flow field distribution in the inlet chamber.Li Xubo[3]put forward that
the distributor can improve the uniformity in the inlet chamber.Nie Jianhu[4]analyzed the influence of
baffle in the chamber of heat exchanger on the uniformity of flow field. But by now there is not a
proper construction to improve the distribution of flow field and pressure field effectively in the
chamber.

This paper designs four distribution plates of different size and studies the flow field and pressure
field distribution on the tube plate under different distribution plates,in order to find a more suitable
shunt plate to improving the uniformity of fluid field in the chamber.

2. Numerical simulation Method

2.1Physical model

The laboratory heat exchanger is used as the prototype, a three-dimensional geometric model of heat
exchanger inlet chamber is shown in figurel. A circular distribution plate is settled in the chamber. Its
geometric parameters are shown in Table 1.
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Figure 1. 3D model of inlet chamber.
Table 1. Geometric parameters of chamber.

geometric geometric geometric
Value(mm)
parameter parameter Value(mm) parameter Value(mm)

Diamete Head total Pipe hole

600 ) 150 P 32
r height diameter

Inlet

Chamber Pipe hole

diamete 105 . 475 P 245
height number

r

2.2Governing equations
Mass conservation equation and momentum conservation equation are respectively:
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2.3The initial and boundary conditions

No slip for inlet pipe wall,chamber wall and tube plate wall.The single-phase fluid model is selected in
this paper,the water is uniform continuous medium whose physical property is constant.At the same
time the flow is stable and the heat transfer in the heat exchanger is not considered. The inlet velocity
is 4 m/s.

2.4The numerical method

The paper establishes the computation model through geometry modeling and meshing by ICEM
software whose grid is tetrahedron.The numerical scheme are following: using k-g standard model and
standard wall function.The convergence criteria is the stability of the outlet flow of water.The pressure
velocity coupling algorithm format is SIMPLE format.Pressure interpolation scheme is first-order
PRESTO format.

3. Results and discussions

This paper discusses the distribution of flow field and pressure field in heat exchanger tube plate after
adding circular distribution plate with different diameter ratio(0.45 0.5 0.55 0.60)to heat changer tube
plate.
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3.1The fluid field and pressure field without circular distribution plates

As shown in the Figure 2,The high velocity fluid is mainly concentrated in the center of the tube plate
within 0.15m radius.The maximum velocity in the center is up to 2.75m/s, the velocity of most fluid is
between 1m/s and 2.5m/s.In the edge of the tube-plate, due to the back-flow and vortex,there are many
low speed fluids which reduce the flow velocity of the fluid entering the heat transfer tube.As shown
in the Figure 3, the maximum pressure is 100Pa, the farther away from the tube plate center is, the
smaller the pressure will be.The high pressure region is about at the same region of high velocity. As
can be seen clearly from Figure 3, there is negative pressure zone in the edge of the tube-plate due to
the back-flow and vortex, and the pressure difference on the tube plate is large.
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Figure 2. Scattered point diagram of flow field.  Figure 3. Scattered point diagram of pressure field.

3.2The design of circular distribution plates

This paper designs four circular distribution plates with different diameter ratios.The distribution of
the holes on the plate are shown in Figure 4.The thickness of the circular distribution plate is the same
as that of the head which is 12 mm.On the base of previous research,according to the characteristics of
fluid flow, the distance is set to 440 mm from the circular distribution plate to the tube plate,the initial
diameter of circular distribution plate is set to 270 mm and the ratio is 0.45,the open rate is 41.7%.The
sizes of the four different distribution plate are shown in Table 2.The maximum diameter of circular

Table 2. Parameters of circular distribution plates.

diameter(mm)  Diameter Ratio Open porosity
270 0.45 41.7%
300 0.50 41.7%
330 0.55 41.7%
360 0.60 41.7%

distribution plate is set to 360 mm and the maximum ratio is 0.60.

Figure 4.Circular distribution plates. Figure 5. Velocity cloud diagram of flow field.

3.3The fluid field and pressure field with different circular distribution plates
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For better observing the effect of the circular distribution plate on flow field and pressure field, we
transform cloud diagram such as the Figure 5 into scatter plots such as the Figure 6.
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Figure 6. Scattered point diagram of flow field under different ratio.

Comparing with the Figure 2, it can be seen from the Figure 6, the amount of high speed fluid and
low speed fluid are significantly reduced when the circular distribution plate is installed in the
chamber. By and large, the velocity difference of the fluid on the tube plate is reduced and the
uniformity of flow field is improved.The maximum velocity in the center of the tube plate is shown in
Table 3 under different conditions. As can be seen from the Table 3, the smallest velocity is 1.2m/s for
0.5 of diameter ratio and the largest is 2.75m/s for without the circular distribution plate.

As shown in the Figure 7, there is an approximate corresponding distribution between the pressure
field and the flow field. When the proportion of diameter is larger than 0.5, the larger the diameter
ratio is, the greater the pressure will be in the central region, it can be seen from Table 4 .Comparing

with the Figure 3, the volume of high pressure fluid in the center region of tube plate decreases

Table 3. Maximum velocity in the center region.

diameter ratio Maximum speed (ms™)

0 2.75
0.45 1.50
0.50 1.20
0.55 1.60
0.60 2.00

obviously, and the maximum pressure is also below 100Pa. Most of the fluid pressure is about
20Pa . The amount of negative pressure fluid and high pressure fluid on the whole tube plate are
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Figure 7.Scattered point diagram of pressure field under different ratio.

Table 4. Maximum pressure in the center region.

diameter ratio Maximum pressure (Pa)
0 100
0.45 54
0.50 35
0.55 58
0.60 80

decreased, the proportion of medium and low pressure fluid are increased, and the whole pressure of
tube plate tends to be uniform.The force condition of tube-plate is improved obviously by installing
circular distribution plate, the peak pressure in the center of the inlet chamber is the smallest when the
diameter ratio is 0.5.

4. Conclusion

This paper discusses the flow field and pressure field of the inlet chamber for Shell-and-tube (heat)
exchanger. In the chamber, the flow field and pressure field are not uniform, the fluid is mainly
concentrated in the jet zone of the inlet chamber. Compared with other places, the fluid velocity and
pressure are also very high intube sheet center. After installing the circular distribution plate, the
uniformity of fluid velocity and pressure distribution on the tube plate are obviously improved. For
four different the circular distribution plate, the uniformity of velocity and pressure are the best when
the diameter ratio of circular plate to tube box is 0.5. The uniformity of flow field can effectively
improve the heat transfer efficiency. If the pressure distribution is improved, the erosive effect of the
fluid at the tube-plate connection is weakened effectively and the service life of heat exchanger can be
prolonged.


https://www.baidu.com/link?url=lCs3xH0zmK_toi2BRWrhs62PrpgwIyFqoCgnsSm6Bu5ZCZEZqLGuNKyUp_eHeavoZj0hnALf-jH4b4koipeuQNzH8_491TRn_IgAKF_VfoRAUK4xTB2z4cHRvHRgsZHaKkLJfwOp_N6ACCDfQ0_gK_&wd=&eqid=ca96f1ad0002f990000000035c032abb
https://www.baidu.com/link?url=lCs3xH0zmK_toi2BRWrhs62PrpgwIyFqoCgnsSm6Bu5ZCZEZqLGuNKyUp_eHeavoZj0hnALf-jH4b4koipeuQNzH8_491TRn_IgAKF_VfoRAUK4xTB2z4cHRvHRgsZHaKkLJfwOp_N6ACCDfQ0_gK_&wd=&eqid=ca96f1ad0002f990000000035c032abb

4th International Conference on Energy Equipment Science and Engineering IOP Publishing
TIOP Conf. Series: Earth and Environmental Science 242 (2019) 032037  doi:10.1088/1755-1315/242/3/032037

Reference

[1]Liu,L.,Song,T.M.,Guan,J.J. (2012) Numerical simulation and analysis of shell side flow field
of tube and shell heat exchanger based on FLUENT.J. Light industrial machinery.30(1):
18-21.

[2]Wu,J.X.,Wei,X.L.,Fu,X.C.,Wang,D.B.,Liu,H. (2003) Numerical analysis and application of
flow field in inlet tube box of heat exchanger.J.Progress in Chemical Industry.22(6):
638-641.

[3]Li,X.B. (2009) A method for improving Heat transfer through Tube Distributor.J. Guangzhou
Chemical Industry.37(7): 172-173.

[4]Nie,J.H. (2000) Numerical simulation of turbulent flow in the outlet pipe of a heat exchanger
with complex structure.J. Journal of Xi'an Jiaotong University.34(5):13-18.

[5]Zheng,M. (2015) Ansys Fluent 15.0 fluid computing from introduction to mastery.
Electronic Industry Press, Beijing.



