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Experimental setup
A microwave generator (Fricke und Mallah, Germany) with an efficiency value of 0.7 for converting alternative current (AC) electrical (9 kW) power to microwave power was used to generate the microwaves. Magnetron head (with a circulator and a directional coupler) was used to generate microwaves and measure forwarded and reflected microwave power. A three-stub tuner (Fricke und Mallah, Germany) was used to tune the microwave phase to perform impedance matching for maximizing energy transfer. Frame and equipment were grounded with protective grounding to prevent users from high voltage electrical hazards. 
A specially made double Faraday cage (KAUST, Saudi Arabia) was used in order to avoid microwave leakage to the surrounding area. The first cage is a multi-mode chamber where a desiccant wheel was placed, and its geometry was built based on numerically optimized results (more detailed information about numerical optimization is provided in sections 4 and 5). The first cage was placed in the second cage, and both cages are made of a 3 mm thick aluminum sheet. Aluminum has low resistance and high microwave reflective characteristics. An electrical motor (DKM motors, Korea) was used to rotate a desiccant wheel with preset speed to control the microwave process. A three-phase electrical power meter PowerLogic PM5110 (Schneider Electric, UK) with measuring rang of 3-30 kW and with (0.5% FS) accuracy. was used to measure electrical power. A calibrated aluminum nozzle was used for airflow measurements that were made according to the ISO/ANSI standards with high accuracy (RecoV, Italy).
[bookmark: _ug9lyubsit9m]A differential pressure sensor Model 264 (Setra, USA) with high (±0.25% FS) accuracy and with range of 0-250 Pa was used to measure differential pressure across the nozzle. Pt100 RTD temperature sensors (Omega, UK) were used to measure dry and wet bulb temperatures with an accuracy of ±0.1 °C and with range of -20~350 °C. An infrared temperature sensor OS-MINIUSB (Omega, UK) with accuracy of 1 °C was used to measure a rotating desiccant wheel temperature, that can measure at the range of 0~250 °C. An automated data logging system was created by authors on software LabVIEW that logs data from Agilent 34970A. An air heat exchanger was used to recover energy from outlet air, and air flowing channels, ducts, and microwaving chamber were thermally insulated with foam rubber. A microwave leak detector was running all the time for safety reasons. Measuring devices and their accuracy are listed in Table 1. Uncertainties of the logged data were analyzed according to guidance [1].

Table 1. Sensors and their accuracy
	Parameter
	Measuring device
	Manufacturer
	Range
	Error

	Differential pressure 
	Differential pressure transducer Model 264 
	Setra
	0-250 Pa
	±0.25% FS

	Air temperatures
	Pt100 RTD 
	Omega
	-20~350 °C
	±0.1 °C

	Desiccant temperature
	Infrared temperature sensor OS-MINIUSB
	Omega
	0~250 °C
	±1 °C

	Electrical power
	Power meter PowerLogic PM5110
	Schneider Electric
	3-30 kW
	± 0.5%




Experimental procedure 
Two cases were considered: the case without heat recovering and the case with heat recovering from outlet air. Temperatures and differential pressure readings were logged continuously by software Labview and Agilent 34970A for both cases. Desiccant wheel rotating motor speed was set to the desired value, and it was running only during desorption. Figure 1 shows procedure that was performed in the study without heat recovery:
1. Air damper-1, air damper-3 were opened, and air damper-2, air damper-4 were closed, letting the air bypass the heat recovering device. 
2. Honeycomb structured desiccant wheel was saturated with moisture at constant relative humidity and temperature at a regular airflow rate until the inlet and outlet temperatures were the same. The same temperature and humidity show equilibrium conditions.
3. Microwaves were switched on for the preset time and preset power from the control panel;
4. The desorption process finishes when the outlet humidity ratio becomes lower than the inlet humidity ratio.
5. The Absorption process goes for a preset time.
Case with heat recovery is similar to case without heat recovery; only the second point is different. When the inlet and outlet temperatures became the same, air damper-1, air damper-3 were closed, and air damper-2, air damper-4 were opened to recover heat from outlet air.


[bookmark: _GoBack]Figure 1. Operation procedure of the experiments.

Complex permittivity calculation for wheel
Complex permittivity is compounded of real and imaginary parts:

            (1)
                             (2)

 Microwave energy penetration and its consumption strongly depend on the effective complex permittivity of the desiccant wheel. Effective complex permittivity depends on adsorption uptake (water vapor loading), so it must be obtained for different uptake values.
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