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Title of Thesis: Experimental and Numerical Investigation of THEs in High Humid Sub-Tropical HVAC Systems

Abstract: Thermosyphon is a two-phase heat transfer devices with high effective thermal conductivity. Due to the high heat
transport capacity, heat exchanger with thermosyphons has become much smaller than traditional heat exchangers in handling
high heat fluxes. Thermosyphon technology has found increasing applications in enhancing the thermal performance of heat
exchangers in energy saving and dehumidification in HVAC systems for many applications. In addition, the fact that in very
humid climates the moisture removal requirements often necessitates overcooling air and then reheating it implies that there may
be a further opportunity for heat exchange as a conservation of energy measure. Research has been undertaken on thermosyphon
heat exchangers (THEs) for coolness recovery in subtropical climates to explore the potential for energy savings in HVAC
systems through using THEs. The work involved two main stages; the first stage includes a theoretical and experimental study for
testing the TPCT (two phase closed Thermosyphon) performance. The experimental side includes manufacturing and testing two
TPCTs of the same condenser and evaporator geometry were fabricated from copper locally and tested at different heat flux
values. Also, the experimental side includes studying the effect of some parameters on the TPCT performance. These parameters
are; the types of working fluids (DI water, Acetone, R134a, Methanol, Ethanol and Butanol) and fill charge ratios (40%, 50%,
60%, 70% and 100%) from an evaporative volume for each working fluid. The experimental results show that the performance of
TPCT works with (water, acetone, methanol, ethanol and R134a) better than the TPCT works with Butanol at the same operating
conditions. Also, they show that the optimum amount of the filling charge for each working fluid (100% water, 60% acetone,
100% R134a, 70% methanol, 100% butanol and 70% ethanol).On the theoretical side, a 3D performance analysis is made of a
single component TCTP with evaporator, adiabatic, and condenser sections at steady—state condition to predict the heat transfer
rate and the temperature distribution along the TCTP. These TPCTs were then modified and used as experimental individual
THEs using in the second stages (energy savings and dehumidification enhancements for 100% outside air in subtropical HVAC
systems located in Basrah city. The performance of these individual systems was experimentally investigated by an outside
design condition in summer for Basrah city (south of Irag). The outdoor testing program included the effect of RH, DBT, number
of rows, working fluid and the air face velocity. This experimental part needed the specification, design and construction of a
THEs, an associated conventional chilled water coil, a fan and duct system, and a full range of properly calibrated sensors. This
program was conducted to determine the best performance of THE used in HVAC. In the 2nd part of numerical model aims to
develop a CFD model to define the flow characteristics (distribution of temperatures, moisture content and air velocity) for a THE

in duct flow using momentum equations, turbulence model k—& | moisture content and energy equations in 3D to reach the
better results to simulate accurately the influence of adding one or more THEs to the existing HVAC system.This indicates the
importance of fully integrating the design process right from the outset of the system design if THEs are to be installed into a
HVAC system so as to give the maximum possible energy saving benefits in efficient air handling unit designs. On the basis of
this study, it is recommended that subtropical HVAC systems should be installed with THEs for dehumidification enhancement
(5-20%) and energy saving (5-35%).







