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Abstract

Pressure drop in ductwork systems remains a critical challenge affecting the energy efficiency of HVAC
systems, leading to increased power consumption and reduced performance. This study investigates the
impact of turning vanes on pressure drop mitigation in 90-degree duct elbows through a hybrid approach
combining computational fluid dynamics (CFD) simulations and experimental measurements. The
research focused on analyzing airflow behavior within the elbow, where sharp bends generate turbulent
flow and significant pressure losses. An experimental setup was designed to measure pressure drop with
and without turning vanes, complemented by numerical simulations using ANSYS Fluent. Results were
benchmarked against loss coefficients from the ASHRAE Duct Fitting Database.
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Findings revealed that turning vanes reduced pressure drop by up to 40% compared to vaneless elbows,
primarily by streamlining airflow, minimizing flow separation, and balancing velocity distribution.
Numerical simulations showed strong alignment with experimental data, with minor discrepancies
(<10%) from ASHRAE database predictions. The study highlighted that optimal vane design—
considering shape, quantity, and installation angle—significantly suppressed turbulence, enhancing
system efficiency by 15-20% and lowering energy consumption. Furthermore, the synergy between
simulation, experimental validation, and ASHRAE standards provided a robust framework for
ductwork optimization.

The study concludes that integrating turning vanes into sharp-angled elbows is essential for large-scale
HVAC systems, particularly in high-velocity applications. It recommends adopting ASHRAE
guidelines for vane design to balance cost and performance while ensuring minimal pressure losses.
These insights offer practical value for engineers seeking to improve HVAC sustainability and
operational efficiency.

Keywords: Pressure drop, Turning vanes, HVAC systems, Loss coefficient.
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