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Abstract

Design, Modelling and Experimental Evaluation of Energy

Recovery Indirect Evaporative Cooling System

Heating, ventilating and air conditioning systems (HVAC) are essential for providing a
comfortable and healthy indoor environment for human beings and required conditions
for manufacturing and operations in industrial sectors. Maximizing energy efficiency and
minimizing the environmental impact of HVAC systems has become more and more
important to address the issues of sustainability and environmental protection. With the
recent climate warming, the demand for air conditioning is expected to hit a new high.
The dilemma of high demand while simultaneously reducing energy consumption

requires a full-scale campaign to develop new technologies for HVAC systems.

Recovering wasted energy is one way to reduce the energy consumption in HVAC
systems. In a modern building, the energy lost through ventilation can be more than 50%
of the total thermal losses. In this study, two advanced technologies were investigated,
the air-to-air heat recovery ventilation (HRV) and the indirect evaporative cooler (IEC).
The energy wasted by the exhaust air was recovered by pre-cooling the supply air as the

heat was transfer from the fresh air to the exhaust air in an HVAC system.

A test rig was designed, manufactured, modified and calibrated to meet the special aims
of this research. It is a cost-effective and inventive test facility with the flexibility to be

used for both dry (HRV) and wet (IEC) operation modes.

The experimental study of the HRV was conducted by testing two polymer heat

exchangers with two different plate geometries, one with a flat plate and the other with a



dimpled surface plate. The key aims were to understand the effect of the surface geometry
of the plates on the performance of the air-to-air heat exchanger. Regarding the
performance of the HRV, the sensible efficiency of the heat exchanger with the dimpled
surface was 50% to 60% higher than that of the heat exchanger with flat surface plate at
lower air velocity and higher air initial temperatures. The highest COP of the heat
exchanger with dimpled surface heat was 6.6; achieved under primary air operating

temperature of 32.6 °C.

In the investigation of the IEC system, the main aim was to find the effect of water spray
arrangement on the performance. Experiments were conducted with three water spray
modes: (1) external spray, (2) internal spray and (3) mixed internal and external sprays.
An ANSI/ASHRAE Standard 143-2015 evaluation indices with changing the primary air
condition parameter (Primary air inlet temperature and velocity) were applied to evaluate
the system performance with water spraying variation. The results show that the internal
spraying mode performs better than the external spraying mode does in terms of the wet-
bulb efficiency, cooling capacity and the COP of IEC. The mixed-mode improves the
performance further but increases the water evaporation rate. The innovative internal
spray system benefits the sensible heat transfer in the IEC system. The cooling load
capacity increases by 12.5% with the internal spray mode and 25% with the mixed mode.
The COP varies in a wide range under different water spraying modes and operating

conditions with the highest of 19.12 achieved in the mixed-mode.

CFD modelling was also performed to further investigate the IEC system. An Eulerian-
Lagrangian 3-D numerical model was developed which was capable of simulating a
representative IEC system with realistic nozzles in the mixed-mode operation. A solid-
cone spray representation in Eulerian-Lagrangian numerical models was applied in order

to replicate real nozzles characteristics in the simulation. The model was verified by
iv



experimental results. The verified model was employed to study the effects of primary
air temperature, humidity ratio and velocity on the performance of the indirect
evaporative heat exchanger (IEHX). Operating under variable inlet air temperature and
humidity conditions, simulated results showed that the wet-bulb effectiveness for the
mixed mode ranged from 68%% to 80% with a primary air supply temperature near dew-
point temperature at primary air temperature lower than 28 °C and velocity less than 1.5

m/s.
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