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Abstract

It is significant to determine the optimal dimensions of the heat
exchangers to reduce energy consumption. The helical tube heat
exchanger is widely used in industry due to its advantages over other
types. Therefore, investigating this type of heat exchanger can be
an interesting topic. In this research, conical coil tubes with circular,
elliptical, and square cross-sections with 10, 30, and 50° cone angles and
15, 30, and 45 mm pitch were modeled by computational fluid dynamics
to evaluate the thermal-hydrodynamic performance. The data relating to
the Nusselt number and friction factor for all investigated geometric
shapes were compared and analyzed. The results showed that
the elliptical cross-section tubes have better heat transfer performance
compared to other geometries. The results showed that the elliptical
cross-section has a better heat transfer performance compared to
the square and circular cross-sections by 34.33% and 0.38%,
respectively. Moreover, the lower values of the Nusselt number and
the friction factor were obtained for the square cross-section due to
the change in the thickness of the boundary layer.
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Figure 1. The schematic of the studied geometry.
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Figure 2. Schematic of the meshing and boundary layer mesh.
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Table 1. Changes in system parameters by number of cells.

Cell number 130000 251000 369000 390000 426000 447000 506000

T out (k) 327.94 328.21 328.21 327.27 327.71 327.73 327.91

A4p (Pa) 394.05 362.32 366.25 394.21 421.26 378.98 381.32

Nu 36.67 40.25 40.67 37.39 38.87 37.86 38.44

f 0.07 0.066 0.065 0.069 0.074 0.071 0.072
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Figure 3. Model validation.
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Figure 4. Temperature distribution in different sections.
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Figure 5. Friction factor variations with Reynolds number in different geometries with fixed cone angle and different step length.
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Figure 6. Nusselt number variations with Reynolds number in different geometries with fixed cone angle and different step length.
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Figure 7. Friction factor variations with Reynolds number in different geometries with fixed step lengths and different cone angles.
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Figure 8. Nusselt number variations with Reynolds number in different geometries with fixed step lengths and different cone angles.
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Figure 9. Nusselt number to friction factor ratio variations with Reynolds number in different geometries with fixed
cone angle and different step length.
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