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The reliance on conventional heat sources such as electric coils, gas, and fuel
oil is associated with high costs, limited controllability, and incompatibility with the
pursuit of sustainable energy. Electromagnetic induction, as investigated in this
dissertation, emerges as a promising heating technology distinguished by its rapid
energy transfer, uniform heat distribution, and flexibility in the design of induction
loads. Accordingly, this research developed a prototype hot-air generation system
utilizing induction heating and compared its performance with an electric coil system
in terms of energy consumption, heating time, and heat transfer efficiency. The
prototype incorporated various induction load configurations smooth tube, finned
tube, baffle, and twisted plate and was experimentally tested under turbulent flow
conditions with Reynolds numbers in the range of 8,000-12,000 and target outlet
temperatures of 50-90 °C. These experiments were complemented by CFD simulations
in SOLIDWORKS and ANSYS to elucidate the underlying heat transfer mechanisms. In
addition, statistical modeling was carried out using the Response Surface Methodology
(RSM) to predict the outcomes for configurations not tested experimentally, followed
by multi-criteria decision-making to determine the most appropriate design.

The results clearly demonstrate the superiority of induction heating over
electric coils. At 90 °C and Reynolds number 12,000, the induction system reduced the
heating time from 809.60 seconds to 429.54 seconds and lowered energy consumption
from 0.18033 kWh to 0.09688 kWh, achieving approximately 46% energy savings. This
trend was consistently observed across all operating conditions. Each induction load
configuration exhibited distinct advantages and limitations. The finned tube was
identified as the most suitable design, offering the optimal balance between heat

transfer enhancement and pressure drop. The twisted plate produced higher heat



transfer rates but incurred a larger pressure drop, while the baffle and smooth tube
ranked lower overall.

Further investigations using SOLIDWORKS Flow Simulation examined finned
tubes with 3, 5, and 8 fins, yielding results consistent with heat transfer theory. The 3-
fin configuration required heating times of 35.52-144.04 seconds to reach the target
temperature, while the 8-fin configuration required 36.10-133.44 seconds, indicating
that increasing the number of fins generally reduces heating time, albeit at the cost of
higher pressure drops. Statistical modeling with RSM was employed to predict the
performance of 4-, 6-, and 7-fin configurations, and subsequent multi-criteria decision
analyses (for general use, drying-focused applications, and tailored demands)
consistently ranked the 3-fin configuration as the most appropriate. This outcome
underscores that an induction-based hot-air generation system can be optimally

designed to achieve high performance while meeting practical heating requirements.
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