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Abstract: We study the performance of a helical type of internally finned tube (HIFT), using computa-
tional fluid dynamics (CFD) to obtain optimal temperature uniformity and reduce the pressure drop.
In comparison with a bare tube, the HIFT improved the temperature uniformity with a helix length of
10 d, which was enough to obtain satisfactory temperature uniformity. A smaller helix interval angle
and a smaller helix pitch yielded a larger pressure drop. The temperature of the HIFT decreased with
an increase in the helix pitch.
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1. Introduction

Fluid mixing achieves process homogeneity and affects flow system performance
significantly. Improvement in mixing allows mixture homogenization and enhances heat
and mass transfer for chemical reactions. Poor thermal uniformity may cause equipment
fatigue and damage and influence the piping geometry and operating conditions. Thermal
and fluid flow prediction is therefore important for equipment safety. In this study, we
apply computational fluid dynamics (CFD) to study the performance of a helical type
of internally finned tube (HIFT) and its heat transfer and pressure drop. As a result, the
optimal temperature uniformity is determined to reduce the pressure drop.

2. Methods

In this research, we used ANSYS FLUENT V.17 [1] to analyze the flow development
in an HIFT. The SIMPLE algorithm was used as a solution algorithm [2]. In turbulence
modeling, we adopted the transition SST model. Considering the accuracy and stability,
we used the discrete ordinate radiation model [3] for radiation simulation.

3. Results and Discussion

The parameters investigated included the helix interval angle (Ax), helix pitch (P),
and helix length (L) to obtain better thermal uniformity and minimize the pressure drop.
Figure 1 illustrates the investigated HIFT. The tube length was 132 d, where d is a pipe
diameter of 50.7 mm. Fourteen helix lengths ranging from L = 0 (i.e., a bare tube) to
L =132 d were tested to understand the influence of the helix length. In addition, seven
helix interval angles (Ax) ranging from 36° to 180° and three helix pitches (2d, 3d, and 4d)
were inspected as well. The boundary conditions were as follows.
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Figure 1. Illustration of the HIFT investigated.

The tube inlet (Figure 2) included four parts. InRegion1, V=56.2m/sand T = 273.15 K.
In Region 2, V=61.3m/s and T = 298.15 K. In Region 3, V = 66.5 m/s and T = 323.15 K.
Finally, in Region 4, V = 71.6 m/s and T = 348.15 K. The inlet turbulence kinetic energy (k)
was assumed to be 10% of V2/2. The turbulence dissipation rate is modeled by Equation (1).
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Figure 2. Division of the inlet.
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In Equation (1), the constant C;, = 0.09, parameter [ = 0.07L, and the hydraulic diameter
L is equal to the pipe diameter d. At the wall boundaries, the transition SST model
automatically takes the wall effects into account. In this study, adiabatic walls were
assumed. At the tube’s exit, the gauge pressure was zero. For the other flow variables, the
outflow diffusion flux was zero, and the conservation of mass was satisfied. The effect of
the helix length on the pressure variation along the tube is shown in Figure 3. A longer
helix yielded a larger pressure drop which was nearly proportional to the helix length. The
pressure drop was closely related to the tube’s inner surface friction, which was connected
with the helix length. The pressure drop was greater than that of the bare tube when the
helix length was larger than 10 d.
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Figure 3. Variation in the cross-sectional average pressure. (a) P = 3d and Ax = 36°. (b) P = 4d and
Ao =36°.

The effect of the helix length on the cross-sectional average temperature is shown in
Figure 4. The temperature of the HIFT was higher than that of the bare tube. In addition,
the temperature of the HIFT increased with the helix length because of the greater frictional
heating of the tube wall.
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Figure 4. Variation in the cross-sectional average temperature. (a) P = 3d and Ax = 36°. (b) P = 4d
and Ao = 36°.

The effect of the helix length on the area-weighted temperature uniformity index is
defined as follows (Figure 5) [1]:
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Figure 5. Temperature uniformity index along the tube. (a) P = 3d and Ax = 36°. (b) P = 4d and
Ax =36°.

In Equation (2), i is the facet index, and # is the number of facets of a surface. T} is the
surface average temperature:

% _ ?:1 TiAi (3)
a — T—n_____ a4 -
i1 Ai

A value of one indicates optimal uniformity. Figure 5 shows that the HIFT could
improve the temperature uniformity index when compared with a bare tube. The evolution
of the temperature uniformity index depended on the helix length. In the helix, the
temperature uniformity is nearly constant at a specific value, while after leaving the helix,
the temperature uniformity increases to another specific value. Therefore, using the HIFT
with a long helix is unnecessary. A helix length of 10 d is enough to obtain satisfactory
temperature uniformity.

The effect of the helix interval angle on the pressure variation is shown in Figure 6. It
was observed that a smaller helix interval angle yielded a larger pressure drop which was
nearly inversely proportional to the helix interval angle. Because the pressure drop was
closely related to the tube’s inner surface friction, a smaller helix interval angle led to more
helixes and hence a greater inner surface area and more friction in the tube.

b
bare P=4d Aggﬁ"
30.000E: Aa:3ﬁ: L=132d Aa=60°
R Aa=45 15,000
» Ao=60 :
25,000F; Ao=90°
Aa=120° b, T ——ee o Aa=180°
e S = Aa=180° N
20000 10,000~
E_ ¥ E
Z15,000p s
a N o i
10.000F 5000
50005— . |
0 — o 0 .
7\\|\||\\||\|\\|\\\\l\\lllll\ll\\‘\ _\\\|I\|\||\|\\|\|\\|\|\\|\\\\l\;;"tlﬁ
0 1 2 3 4 5 6 0 1 2 3 4 5 6
X(m) X (m)
(a) (b)

Figure 6. Variation in the cross-sectional average pressure. (a) P = 2d and L = 132d. (b) P = 4d and
L =132d.
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The effect of the helix interval angle on the cross-sectional average temperature dis-
tribution is shown in Figure 7. A larger helix interval angle yielded a lower temperature.
This is because a larger helix interval angle corresponds to fewer fins, which in turn have a
smaller inner surface area and lower frictional heating effect.
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Figure 7. Variation in the cross-sectional average temperature.

The effect of the helix interval angle on the temperature uniformity index is shown
in Figure 8. The larger the helix interval angle was, the worse the temperature unifor-
mity would be. This is because a larger helix interval angle leads to fewer helixes and
worse mixing.
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Figure 8. Temperature uniformity index along the tube. (a) P =2d and L =132 d. (b) P = 4d and
L=1324d.

The effect of the helix pitch on the pressure variation is shown in Figure 9. A smaller
helix pitch yielded a larger pressure drop which was nearly inversely proportional to the
helix pitch. Because the pressure drop was closely related to the tube’s inner surface friction,
a smaller helix pitch led to more helixes and hence a larger inner surface area and more
friction in the tube.

The effect of the helix pitch on the cross-sectional average temperature distribution is
shown in Figure 10. A larger helix pitch yielded a lower temperature for the HIFT. This is
because a larger helix pitch results in fewer helixes and hence a smaller inner surface area
and lower frictional heating effect on the tube.

The effect of the helix pitch on the temperature uniformity index is shown in Figure 11.
The influence of the helix pitch on temperature uniformity was not significant. However,
careful observation revealed that a smaller helix pitch yielded better temperature uniformity.
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Figure 9. Variation in the cross-sectional average pressure. (a) Ax = 36° and L =132 d. (b) Ax = 120°
and L=132d.
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Figure 10. Variation in the cross-sectional average temperature. (a) Acc = 36° and L = 132 d.
(b) A =120° and L =132 d.
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Figure 11. Temperature uniformity index along the tube. (a) Ax = 36° and L =132 d. (b) Acx = 120°
and L =132d.
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4. Conclusions

The performance of the HIFT was investigated by using CFD to obtain optimal tem-
perature uniformity and reduce the pressure drop. We found that a longer helix yielded a
larger pressure drop which was nearly proportional to the helix length. When the helix
length was larger than 10 d, the pressure drop was greater than that of the bare tube. The
temperature of the HIFT was higher than that of the bare tube. The temperature of the HIFT
increased with the helix length. In comparison with the bare tube, the HIFT improved the
temperature uniformity with the helix length. However, using the HIFT with a long helix
was unnecessary. A helix length of 10 d was enough to obtain satisfactory temperature
uniformity. A smaller helix interval angle yielded a larger pressure drop which was nearly
inversely proportional to the helix interval angle. The temperature of the HIFT decreased
with the helix interval angle. In addition, the larger the helix interval angle was, the worse
the temperature uniformity would be. A smaller helix pitch yielded a larger pressure drop.
The temperature of the HIFT decreased with the helix pitch, but the influence of the helix
pitch on the temperature uniformity was not significant. However, careful observation
revealed that a smaller helix pitch yielded better temperature uniformity.
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