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Performance Analysis of Desiccant Dehumidifier with an Expanded Regeneration Section


Abstract
Storage of certain perishable agricultural products required lower relative humidity less than 75% as high relative humidity leads to sprouting or rotting. As a solution to this problem, a rotary desiccant dehumidifier system has been proposed for air dehumidification. Through an experimental study conducted, performance evaluation of rotary desiccant dehumidification system has been performed based on the parameters including regeneration air temperature and humidity ratios of inlet process air. It was found that the highest dehumidification effectiveness was achieved at a regeneration temperature of 80 ℃ at an air flow rate of 360 m3/h.
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Introduction
The quality of agricultural products is significantly influenced by various factors after harvest. Key post-harvest factors include temperature, humidity, atmospheric gas composition, light exposure, mechanical damage, and diseases or infections, all of which can be optimized. Managing temperature and humidity is particularly critical for prolonging the storage and shelf life of agricultural products. Ambient temperature and relative humidity play a vital role in post-harvest handling to control both physiological and pathological deterioration. By regulating metabolic processes such as respiration and transpiration, quality loss can be minimized (Kader, 2013).
Moisture can be extracted from the air using desiccant and mechanical techniques. In mechanical cooling systems, dehumidification occurs as the air is cooled to its dew point, causing the moisture to condense to the desired level of dehumidification. Numerous research efforts have explored the utilization of liquid and solid desiccants within air conditioning systems. These studies demonstrate that solid desiccants possess greater water vapor adsorption capabilities and higher drying capacities compared to liquid desiccants. Consequently, solid desiccants are widely favored for diverse drying and cooling purposes (Ali et al., 2022). Due to their effective dehumidification properties, solid desiccants are commonly utilized in stationary or rotary wheel beds containing desiccant material (Abd-Elhady et al., 2022).
Optimizing post-harvest storage conditions is vital for prolonging the shelf life and reducing post-harvest losses of agricultural commodities, with key factors including ambient air temperature and humidity (Nalbandi et al., 2016). Hence, controlling temperature and humidity is essential for extending the shelf life of harvested products. To maintain the quality of agricultural goods, the relative humidity plays a significant role in the transpiration process. Water loss can be minimized by maintaining high ambient relative humidity, low atmospheric temperatures, and increased pressure. For most fruits, the optimal relative humidity ranges from 85% to 95%, while for vegetables, it is between 90% and 98% (El-Ramady et al., 2015). Excessive transpiration resulting in moisture loss from these products can impact various aspects including their physical appearance such as wilting and shriveling, flavor, texture including softening, net weight, and ultimately, their nutritional value (Mishra and Gamage, 2007; Lal Basediya et al., 2013). The net rate of transpiration differs across various products and can be affected by factors such as air temperature, relative humidity, and airflow rate (Rao, 2015). The main driving force for transpiration is the difference in water vapor pressure between the product and its surrounding environment (Sultan et al., 2016).
Similar work done by various researcher includes Ishaq et al. (2022) investigated energy-efficient standalone desiccant air conditioning (DAC) systems and Maisotsenko cycle-based desiccant air conditioning (M-DAC) systems for their potential application in storing fruits and vegetables. The study focused on the thermodynamic performance of these systems, evaluating their ability to maintain optimal temperature and humidity levels, cooling capacity, and coefficient of performance (COP). The findings highlighted that the M-DAC system demonstrated superior performance compared to the standalone DAC system. Hussain et al. (2022) investigated a Maisotsenko cycle evaporative cooling-assisted solid desiccant air-conditioning (M-DAC) system designed for agricultural storage applications. The research involved developing a lab-scale solid silica gel-based desiccant air-conditioning (DAC) system. The S-DAC system demonstrated temperature and relative humidity ranges of 39–48 °C and 35–66%, respectively, with a Qp of 17.55 kJ/kg and a COP of 0.37. In comparison, the M-DAC system achieved temperature and relative humidity ranges of 17–25 °C and 76–98%, respectively, with a Qp of 41.80 kJ/kg and a COP of 0.87. The study concluded that the M-DAC system holds significant potential as an air-conditioning solution for agricultural storage. This dehumidification system with indirect evaporative cooling is suitable for storage conditions where the temperature is above 15 °C and high humidity levels are required. However, it is not effective for storage temperatures below 10 °C, especially when a significant reduction in both temperature and humidity is necessary. Many fruits and vegetables need optimal conditions to extend their shelf or storage life. This study emphasizes the enhanced surface area of a desiccant wheel and evaluates the system's performance.
Description of the desiccant dehumidifier unit
The desiccant dehumidifier unit consists of rotary desiccant wheel, having sinusoidal airflow passage, coated with silica gel as adsorbent for dehumidification process. Silica gel, having a high-water adsorption capacity, dehumidifies the process air to achieve the desired humidity level. Consequently, the wheel gets saturated with moisture during the dehumidification process and needs to be regenerated with high temperature and dry air. The temperature of the ambient air is increased by the heater bank and hot air is transferred to the desiccant wheel for regeneration. In this way, continuous operation of the dehumidification processes is ensured.
The desiccant dehumidifier unit consists of a desiccant wheel (25 cm thickness), two centrifugal fans and a heater bank (Fig.1). The air flow in both the regeneration and process air section is supplied by two centrifugal fans. Thus, the unit has 4 channels comprising inlet and outlet channels for processing and regeneration air. The technical specifications of the components of the desiccant unit are mentioned in Table 1 below. The heater can raise the temperature of regeneration air up to 100 ℃. The temperature and relative humidity at both inlet and the outlet of the desiccant dehumidifier was measured by Temperature/Humidity transmitter with accuracy ±3 %, ±0.15 ℃. The air mass flow rate in inlet and outlet of both regeneration section and process section are shown in Table 1.
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Fig.1. Desiccant dehumidifier showing internal components (left) and its control panel (right).
Experimental setup
A rotary desiccant dehumidifier was fabricated, and tests were conducted in an indoor environment in the Food Packaging and Transportation Laboratory, ICAR-CIPHET in Ludhiana. The proposed system utilised 50% of the desiccant wheel for regeneration. The technical specifications of the desiccant wheel are given in Table 1.
A schematic diagram of the system components is shown in Fig. 2. The temperature of the ambient air entering the regeneration section rises with the help of heater attached to the inlet. Regeneration inlet air, which is moderately hot, is transported to the desiccant wheel via a centrifugal fan. This airflow, termed as regeneration air, serves to remove moisture from the surface of rotary wheel, thereby ensuring the dehumidification process. The regeneration air gets saturated with moisture accumulated in the desiccant wheel and is discharged from the regeneration outlet. The operation of regeneration of desiccant wheel and dehumidification of process air occurs simultaneously.
The tests were conducted in an indoor environment to evaluate the system’s performance. A J type thermocouple (accuracy ±2.2 ℃) was used to measure the temperature of hot inlet regeneration air. Temperature and relative humidity of process and regeneration air at both inlet and outlet are measured with Temperature/Humidity transmitter having accuracy of ±3 % and ±0.15 ℃ whereas volumetric air flow rate is measured by anemometer with accuracy ±3 %.
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Fig.2. Schematic diagram of desiccant dehumidifier system.
Table 1 Specifications of Dehumidifier Components
	Centrifugal fan
	1. Process section
Power
Voltage
Maximum flow rate
RPM
	
240 W
415 V
760 m3/h
2450 rpm

	
	2. Regeneration section
Rated power
Voltage
Maximum flow rate
RPM
	
110 W
415 V
350 m3/h
2800 rpm

	Desiccant wheel
	Process air amount
Regeneration air amount
Power
RPM
Process air outlet diameter
Regeneration air outlet diameter
	760 m3/h
360 m3/h
60 W
5 rpm
60 mm
60 mm

	Heater Bank
	Power
Number of heating coil
	6 kW
6



Table 2 Technical specifications of the measuring equipment
	Equipment
	Parameter
	Range

	Temperature/Humidity transmitter
	Temperature range
Relative humidity range
Accuracy
	0 to 150 ℃
0 to 100 %
±3 %, ±0.15 ℃

	J-type thermocouple
	Temperature range
Accuracy
	0 to 760 ℃
±2.2 ℃

	Anemometer
	Velocity range
Accuracy
	0.01 to 25 m/s
±3 %




Performance analysis of the desiccant dehumidifier
The regeneration process involves using hot air with a relatively high temperature and low relative humidity to continuously remove moisture accumulated in the desiccant wheel, thereby maintaining the dehumidification of the process air. During the dehumidification and regeneration phases, heat and mass transfer occur in opposite directions. The desiccant materials in the wheel capture moisture from the incoming process air, leaving the air relatively dry and warm as it exits the wheel. The rotating wheel is then regenerated by introducing another stream of hot, dry air (known as regeneration air) to remove the captured moisture. This regeneration step is crucial for maintaining continuous dehumidification in the desiccant wheel. The performance of the desiccant dehumidifier was analyzed according to ANSI/ASHRAE Standard 139–2015.
Dehumidification effectiveness (η)
It signifies the capacity of the dehumidifier to reduce humidity. It is determined by the ratio of moisture removed from the process air during the dehumidification process to the humidity level of the process air at the inlet.
                                                     η =                                                              (1)
where,
ω1= specific humidity of process air at inlet (kg/kg)
ω2= specific humidity of process air at outlet (kg/kg)
Moisture removal capacity (MRC)
It is the amount of moisture ejected in the dehumidifier per unit time (Vivekh et al., 2018).
                                                   MRC = ρ × Vp × (ω1- ω2)                                                       (2)
where,
Vp = volumetric flow rate of process air (m3/h)
ρ = air density (kg/m3)
Dehumidification coefficient of performance (COP)
It expresses the amount of moisture based on the temperature difference between the regeneration air and the process air.
                             COP =  =                                         (3)
 = -0.614342 × 10-4 × Tpi3 + 0.0158927 × 10-2 × Tpi2 – 0.236418 × 10 × Tpi + 0.250079 × 104       (4)
where,
h = specific enthalpy (J/kg)
Vr = volumetric flow rate of regeneration air (m3/h)
Vp = volumetric flow rate of process air (m3/h)
Vr = volumetric flow rate of regeneration air (m3/h)
 = latent heat of vaporization of water
Tpi = temperature of process air at inlet
Tpo = temperature of process air at outlet
Tri = temperature of regeneration air at inlet
cp = specific heat (J/kgK)
Sensible energy ratio (SER)
It indicates the sensible energy transmitted from the regeneration air to the process air.
                               SER =   =                                                    (5)              
Higher η and COP values indicate better dehumidification performance. However, a low SER is desired for applications with cooling processes after dehumidification. As the temperature of the process air increases, the corresponding cooling load will also increase substantially.
Results and Discussion
To assess the performance of the rotary wheel desiccant dehumidification system, various tests were conducted under different inlet conditions by altering the humidity levels of the process air entering the dehumidifier and the temperatures of the regeneration air. Throughout these tests, the flow rates of the process air (350 m³/h) and the regeneration air (760 m³/h) remained constant. The process air's inlet relative humidity ranged from 60% to 100%, while the regeneration air temperatures varied from 60°C to 80°C.
Rotary desiccant dehumidifier inlet-outlet parameters
During the performance evaluation at different regeneration air temperature and different humidity of process air inlet, the temperature-humidity values at the inlet-outlet of the dehumidifier were recorded and presented in graphical environments Fig. 4, 5, 6. In the figures, solid lines represent temperature, and dashed lines represent relative humidity values.
The corresponding temperature humidity values of the process and regeneration air are given in Table 3. Analysis of the parameters in Table 3 indicates that
i) Process air inlet temperatures were in the range of 27.75-36 ℃ in all tests.
ii) Regeneration air inlet and outlet temperatures were between 59 ℃–78.5 ℃ and 37.75 ℃–57.5 ℃, respectively.
iii) RH of process air was recorded as 61%, 70.25%, 80.5%, and 91% at the inlet of the dehumidifier and was reduced to 33.5%, 38.75%, 43.5% and 48.75% during the dehumidification process.
iv) At a regeneration air temperature of 60 ℃ and a process air inlet relative humidity of 60%, the lowest dehumidification performance was recorded at 5.5 g/kg. In contrast, the highest dehumidification performance, 13.35 g/kg, was achieved when the process air inlet relative humidity reached 90% with a regeneration air temperature of 80 ℃.
 
 
Fig.3. Impact of Regeneration Air (60 ℃) and Process Air RH (60-90%) on Outlet Air Temperature and RH Over Time.

 
 
Fig.4. Impact of Regeneration Air (70 ℃) and Process Air RH (60-90%) on Outlet Air Temperature and RH Over Time.
 
 
Fig.5. Impact of Regeneration Air (80 ℃) and Process Air RH (60-90%) on Outlet Air Temperature and RH Over Time.

Table 3 Temperature and relative humidity values of process and regeneration air at dehumidifier inlets and outlets
	Parameter
	Regeneration inlet
	Regeneration outlet
	Process inlet
	Process outlet

	At Regeneration temperature = 60 ℃ & RH of process air = 60 %

	Temperature
	59.5
	38
	30.25
	41

	RH
	11.5
	40.25
	60.25
	49

	At Regeneration temperature = 60 ℃ & RH of process air = 70 %

	Temperature
	61.75
	45.75
	32.25
	40.25

	RH
	7.25
	31.75
	70.25
	44

	At Regeneration temperature = 60 ℃ & RH of process air = 80 %

	Temperature
	59
	37.75
	28.75
	35.5

	RH
	9.5
	47.75
	80.5
	56.75

	At Regeneration temperature = 60 ℃ & RH of process air = 90 %

	Temperature
	61
	37.75
	27.75
	36

	RH
	8.25
	53.5
	91
	59

	At Regeneration temperature = 70 ℃ & RH of process air = 60 %

	Temperature
	69.25
	51.75
	35
	43.75

	RH
	10
	23
	61
	37.5

	At Regeneration temperature = 70 ℃ & RH of process air = 70 %

	Temperature
	72.5
	45
	31.5
	40

	RH
	4
	32.75
	71
	41.5

	At Regeneration temperature = 70 ℃ & RH of process air = 80 %

	Temperature
	67.75
	45.5
	31.25
	40.5

	RH
	3.75
	35.75
	80.75
	47.75

	At Regeneration temperature = 70 ℃ & RH of process air = 90 %

	Temperature
	68
	45.5
	31.25
	41

	RH
	4.5
	40.5
	90
	52.75

	At Regeneration temperature = 80 ℃ & RH of process air = 60 %

	Temperature
	78.5
	57.5
	36
	46.75

	RH
	3
	16.5
	61
	33.5

	At Regeneration temperature = 80 ℃ & RH of process air = 70 %

	Temperature
	78.25
	49.5
	29.75
	40.75

	RH
	3.5
	20.5
	70.25
	38.75

	At Regeneration temperature = 80 ℃ & RH of process air = 80 %

	Temperature
	78.25
	46.5
	30.5
	42.5

	RH
	3
	32.75
	80.5
	43.5

	At Regeneration temperature = 80 ℃ & RH of process air = 90 %

	Temperature
	78
	45.5
	31
	42

	RH
	4
	34.75
	91
	48.75


Performance analysis of dehumidifier
This section outlines the performance evaluation of the dehumidifier using data gathered during experimental tests. It includes calculations for parameters such as dehumidification efficiency (η), dehumidification capacity (MRC), dehumidification performance coefficient (COP), and sensible energy ratio (SER) derived from the recorded data.

Dehumidification effectiveness (η)
Figure 6 illustrates the dehumidification effectiveness based on the inlet and outlet air conditions of the dehumidifier during the testing period. Results corresponding to 60%, 70%, 80%, and 90% relative humidity (RH) of the process air inlet are also presented. The highest effectiveness, 0.93, was achieved at a regeneration air temperature of 80℃. It was observed that dehumidification effectiveness remained consistent at a given regeneration air temperature and was minimally influenced by the inlet process air's relative humidity. Additionally, the performance was nearly identical at 80% and 90% RH. These findings demonstrate that the rotary desiccant wheel is particularly effective in removing moisture in highly humid environments.
 
 
Fig.6. Dehumidification effectiveness at different relative humidity (60%, 70%, 80% and 90%) of process air.
Moisture Removal capacity (MRC)
To assess the dehumidification performance of the rotary desiccant wheel, the Moisture Removal Capacity (MRC) was analyzed, representing the quantity of moisture extracted from the process air per unit of time. The results are presented in Fig. 8. At steady-state conditions, the MRC values were determined as follows: 5.5, 10.1, and 13.17 kg/h for process air with 60% relative humidity (RH); 6.9, 10.27, and 13.22 kg/h for 70% RH; 7.22, 10.40, and 13.24 kg/h for 80% RH; and 7.39, 10.74, and 13.36 kg/h for 90% RH of the inlet process air, respectively. The maximum MRC, recorded at 13.36 kg/h, was achieved for process air with 90% RH at a regeneration inlet air temperature of 80°C.
 
 
Fig. 7. Moisture removal capacity at different relative humidity (60%, 70%, 80% and 90%) of process air.
Dehumidification coefficient of performance (DCOP)
The results obtained from the calculations for the dehumidification performance coefficients are shown in Fig. 8. While the RH of inlet process air was 90%, the highest DCOP value was achieved as 0.99. However, the lowest DCOP obtained was 0.86 at 60% at relative humidity of the process air inlet. It can be deduced that the dehumidifier has a higher dehumidification capacity. Additionally, when the regeneration air temperature is 60 ℃ the lowest DCOP values were obtained due to the receiving relatively low regeneration air temperatures as compared to that of 80 ℃. An increase in either parameter raises the moisture content, enhancing the driving force for moisture transfer and improving dehumidification efficiency. Additionally, the coefficient of performance improves with higher inlet air RH or humidity ratio due to the increased cooling capacity (Vivekh et al., 2018). An increase in regeneration temperature enhances the desiccant's ability to remove moisture, enabling it to adsorb more water during the dehumidification process. This significantly boosts its moisture adsorption capacity (Hu et al., 2015).
  
 
Fig.8. DCOP at 60%, 70%, 80% and 90% relative humidity of inlet process air.
Sensible energy ratio (SER)
The SER value represents the extent to which the regeneration air heats the process air. For air conditioning applications, a relatively low SER is generally preferred. The calculated results are illustrated in Fig. 9. The minimum SER value, 0.101, was observed at a process air inlet relative humidity of 60% and a flow rate of 760 m³/h. Conversely, the maximum SER value, 0.13, occurred at a relative humidity of 90% under the same flow rate. For applications such as supplying dehumidified air to cold storage, the process air temperature may need to be lowered after dehumidification. In such cases, a cooling unit would be required to reduce the temperature of the warmed process air before it is delivered to the storage chamber. However, in this study, cooling the process air was unnecessary, and no external cooling was applied.
 
  
Fig.9. Sensible energy ratio at 60%, 70%, 80% and 90% relative humidity of inlet process air.
Conclusion
In the current study, a dehumidification system with 50% of regeneration area was experimentally tested in a laboratory environment and its dehumidification performance under different inlet conditions were investigated. Subject to the experimental findings, analyses were conducted on moisture removal efficiency, moisture removal capacity, dehumidification performance coefficient, and sensible energy ratio of the dehumidification unit. Key concluding remarks are outlined as follows;
The highest regeneration air temperature set for the dehumidification was 78.5 ◦C at a flow rate of 350 m3/h. It can be deduced that the temperature of the regeneration air entering the dehumidifier declines as relative humidity of the process inlet air increases.
The maximum dehumidification efficiency was observed at a regeneration air temperature of 80 ℃. At this temperature, the outlet air temperature from the process ranged between 42 and 46.75 ℃, making it optimal for the system across all relative humidity levels (60%, 70%, 80%, and 90%).
The process air temperatures entering the dehumidifier rose by approximately 6.75–12 ℃, while the regeneration air temperatures decreased by about 16–32.5 ℃, as anticipated during the regeneration process. The experimental results demonstrate that an enlarged desiccant wheel which is 50% of the total area in the regeneration section significantly improves moisture reduction in the process air. During dehumidification, the process air gradually becomes dry and gets heated, while the regeneration air loses heat and becomes humidified.
Moreover, these findings hold potential for practical applications, particularly in the drying and storage of high-value crops. Future research will explore the expanded regeneration section in the rotary desiccant dehumidification system, integrated with either a vapor compression cooling unit or an indirect evaporative heat exchanger.

Nomenclature
	MRC
	
	moisture removal capacity

	SER
	
	Sensible energy ratio

	η
	
	dehumidification effectiveness

	ω
	
	specific humidity (kg/kg)

	Vp
	
	volumetric flow rate (m3/h)

	ρ
	
	air density (kg/m3)

	DCOP
	
	coefficient of performance

	h
	
	specific enthalpy (J/kg)

	 
	
	latent heat of vaporization of water

	Tpi
	
	temperature of process air at inlet

	Tpo
	
	temperature of process air at outlet

	Tri
	
	temperature of regeneration air at inlet

	cp
	
	specific heat (J/kgK)
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Temperature and RH at the inlet and outlet of the dehumidifier at Tri=60 ℃, RHpo = 60%
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Temperature and RH at the inlet and outlet of the dehumidifier at Tri=60 ℃, RHpo= 70%
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Temperature and RH at the inlet and outlet of the dehumidifier at Tri=60 ℃, RHpo = 80%

Tpo (℃)	0	10	20	30	32	35	37	38	RHpo (%)	0	10	20	30	65	56	54	52	Tpi (℃)	0	10	20	30	28	28	29	30	RHpi (%)	0	10	20	30	80	82	82	78	Tro (℃)	0	10	20	30	33	37	39	42	RHro (%)	0	10	20	30	56	49	45	41	Tri (℃)	0	10	20	30	52	60	62	62	RHri (%)	0	10	20	30	15	8	8	7	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=60 ℃, RHpo = 90%

Tpo (℃)	0	10	20	30	35	36	36	37	RHpo (%)	0	10	20	30	61	61	58	56	Tpi (℃)	0	10	20	30	27	27	28	29	RHpi (%)	0	10	20	30	92	92	90	92	Tro (℃)	0	10	20	30	33	37	39	42	RHro (%)	0	10	20	30	65	56	50	43	Tri (℃)	0	10	20	30	58	63	59	64	RHri (%)	0	10	20	30	9	7	10	7	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=70 ℃, RHpo = 60%

Tpo (℃)	0	10	20	30	43	44	44	44	RHpo (%)	0	10	20	30	38	37	39	36	RHpi (%)	0	10	20	30	62	61	61	60	Tro (℃)	0	10	20	30	50	52	52	53	RHro (%)	0	10	20	30	24	24	22	22	Tri (℃)	0	10	20	30	71	69	71	66	RHri (%)	0	10	20	30	4	4	3	4	Tpi (℃)	0	10	20	30	34	35	35	36	0	10	20	30	34	35	35	36	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Time (min)	0	10	20	30	34	35	35	36	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=70 ℃, RHpo = 70%

Tpo (℃)	0	10	20	30	37	40	41	42	RHpo (%)	0	10	20	30	51	43	43	45	Tpi (℃)	0	10	20	30	30	32	32	32	RHpi (%)	0	10	20	30	71	71	72	74	Tro (℃)	0	10	20	30	42	44	47	47	RHro (%)	0	10	20	30	38	32	30	31	Tri (℃)	0	10	20	30	80	68	72	70	RHri (%)	0	10	20	30	4	3	4	3	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=70 ℃, RHpo = 80%

Tpo (℃)	0	10	20	30	39	40	41	42	RHpo (%)	0	10	20	30	50	48	46	47	Tpi (℃)	0	10	20	30	31	31	31	32	RHpi (%)	0	10	20	30	81	82	80	80	Tro (℃)	0	10	20	30	44	46	46	46	RHro (%)	0	10	20	30	38	36	35	34	Tri (℃)	0	10	20	30	65	70	69	67	RHri (%)	0	10	20	30	4	3	4	4	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=70 ℃, RHpo = 90%

Tpo (℃)	0	10	20	30	41	41	41	41	RHpo (%)	0	10	20	30	53	52	54	52	RHpo (%)	0	10	20	30	31	31	31	32	RHpi (%)	0	10	20	30	91	89	91	89	Tro (℃)	0	10	20	30	46	45	44	47	RHro (%)	0	10	20	30	41	41	43	37	Tri (℃)	0	10	20	30	68	66	68	70	RHri (%)	0	10	20	30	5	5	4	4	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=80 ℃, RHpo = 60%

Tpo (℃)	0	10	20	30	47	47	47	46	RHpo (%)	0	10	20	30	32	34	33	35	RHpi (%)	0	10	20	30	59	62	61	63	Tro (℃)	0	10	20	30	57	57	58	58	RHro (%)	0	10	20	30	16	18	16	16	Tri (℃)	0	10	20	30	86	74	71	75	RHri (%)	0	10	20	30	3	2	3.2	2.5	Tpi (℃)	0	10	20	30	36	36	36	36	0	10	20	30	34	35	35	36	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Time (min)	0	10	20	30	34	35	35	36	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=80 ℃, RHpo = 70%

Tpo (℃)	0	10	20	30	37	40	43	43	RHpo (%)	0	10	20	30	45	39	34	37	RHpi (%)	0	10	20	30	71	66	70	74	Tro (℃)	0	10	20	30	43	49	53	53	RHro (%)	0	10	20	30	26	21	17	18	Tri (℃)	0	10	20	30	81	71	85	76	RHri (%)	0	10	20	30	3	4	3	4	Tpi (℃)	0	10	20	30	28	30	30	31	0	10	20	30	34	35	35	36	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Time (min)	0	10	20	30	34	35	35	36	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=80 ℃, RHpo = 80%

Tpo (℃)	0	10	20	30	43	42	42	43	RHpo (%)	0	10	20	30	41	43	45	45	RHpi (%)	0	10	20	30	82	80	78	82	Tro (℃)	0	10	20	30	52	44	44	46	RHro (%)	0	10	20	30	22	37	37	35	Tri (℃)	0	10	20	30	79	74	74	74	RHri (%)	0	10	20	30	4	2	3	4	Tpi (℃)	0	10	20	30	31	30	30	31	0	10	20	30	34	35	35	36	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Time (min)	0	10	20	30	34	35	35	36	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




Temperature and RH at the inlet and outlet of the dehumidifier at Tri=80 ℃, RHpo = 90%

Tpo (℃)	0	10	20	30	42	42	42	42	RHpo (%)	0	10	20	30	48	48	49	50	RHpi (%)	0	10	20	30	92	90	92	91	Tro (℃)	0	10	20	30	44	45	46	47	RHro (%)	0	10	20	30	22	39	38	38	Tri (℃)	0	10	20	30	76	73	77	78	RHri (%)	0	10	20	30	4	3	4	3	Tpi (℃)	0	10	20	30	30	31	31	32	0	10	20	30	34	35	35	36	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Time (min)	0	10	20	30	34	35	35	36	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	Tpi (℃)	0	10	20	30	29	29	31	32	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Tpo (℃)	0	10	20	30	31	35	37	61	RHpo (%)	0	10	20	30	59	50	44	43	RHpi (%)	0	10	20	30	60	61	59	61	Tro (℃)	0	10	20	30	33	36	40	43	RHro (%)	0	10	20	30	53	42	35	31	Tri (℃)	0	10	20	30	49	56	60	61	RHri (%)	0	10	20	30	23	10	7	6	Time (min)


Temperature (℃)


Relative Humidity (%)




η @ 60% RHpi

η (Tri =60℃)	0	10	20	30	0.32155612599032402	0.40367792914125589	0.39670254351798662	0.47040999991727922	η (Tri =70℃)	0	10	20	30	0.62420757686831141	0.61853428482755879	0.61853428482755879	0.53181381549261597	η (Tri =80℃)	0	10	20	30	0.78636833698781261	0.78636833698781261	0.78636833698781261	0.69774755990842863	



η @ 70% RHpi

η (Tri =60℃)	0	10	20	30	0.55120126154870053	0.55120126154870053	0.54625163568122126	0.55120126154870053	η (Tri =70℃)	0	10	20	30	0.47884016323844508	0.55120126154870053	0.63580266331619317	0.7243623258392361	η (Tri =80℃)	0	10	20	30	0.66003455616421669	0.73827492412271045	0.80361655116161201	0.92307297285602108	



η @ 80% RHpi

η (Tri =60℃)	0	10	20	30	0.25790026227789326	0.48750921235309003	0.56648029386886434	0.56131417504498282	η (Tri =70℃)	0	10	20	30	0.55622164203378388	0.64172780007480967	0.73126645418106162	0.7243623258392361	η (Tri =80℃)	0	10	20	30	0.92307297285602108	0.93231907774215905	0.93231907774215905	0.92307297285602108	



η @ 90% RHpi

η (Tri =60℃)	0	10	20	30	0.5770392055836262	0.66632001679228892	0.57172146826215875	0.56648029386886434	η (Tri =70℃)	0	10	20	30	0.73126645418106162	0.73126645418106162	0.73126645418106162	0.73580266331619304	η (Tri =80℃)	0	10	20	30	0.83231907774215896	0.82499436914173307	0.82499436914173307	0.85436232583923599	



MRC @ 60% RHpi

MRC (Tri =60℃)	0	10	20	30	5.2402548975630001	5.3932555125162871	5.9443173575709469	5.4601326711946196	MRC (Tri =70℃)	0	10	20	30	10.078207290752699	10.1036990284033	10.1036990284033	10.141640829338399	MRC (Tri =80℃)	0	10	20	30	13.1874336592987	13.1874336592987	13.1874336592987	13.1307880536888	



MRC @ 70% RHpi

MRC (Tri =60℃)	0	10	20	30	6.7443881097235296	6.7443881097235296	7.1677489378302797	7.14438810972353	MRC (Tri =70℃)	0	10	20	30	9.7789038868487701	9.7443881097235305	10.086524899474405	11.491456480711733	MRC (Tri =80℃)	0	10	20	30	13.3241459865087	13.2517021271799	13.168916589219901	13.1363727806835	



MRC @ 80% RHpi

MRC (Tri =60℃)	0	10	20	30	6.2525561171163098	7.1483111990053798	7.5709436524294214	7.9464822190801616	MRC (Tri =70℃)	0	10	20	30	9.5374664995892307	9.6191583186435032	10.961295108394378	11.491456480711733	MRC (Tri =80℃)	0	10	20	30	13.236372780683499	13.2987704981681	13.198770498168097	13.236372780683499	



MRC @ 90% RHpi

MRC (Tri =60℃)	0	10	20	30	6.8642882067863704	7.9263464058511959	7.2103693980702079	7.5709436524294214	MRC (Tri =70℃)	0	10	20	30	10.961295108394378	10.961295108394378	10.961295108394378	10.086524899474405	MRC (Tri =80℃)	0	10	20	30	13.1987704981681	13.3662266896317	13.3662266896317	13.491456480711699	



DCOP @ 60% RHpi

DCOP (Tri =60℃)	0	10	20	30	0.54	0.54615420372118084	0.5592815054421193	0.70116555828530536	DCOP (Tri =70℃)	0	10	20	30	0.8140929553942845	0.87	0.87546324001857267	0.88	DCOP (Tri =80℃)	0	10	20	30	0.83	0.75	0.91	0.96219090752654746	



DCOP @ 70% RHpi

DCOP (Tri =60℃)	0	10	20	30	0.74456437403875919	0.67	0.72	0.82158827480138952	DCOP (Tri =70℃)	0	10	20	30	0.59	0.66183499914556365	0.68707536799767799	0.7	DCOP (Tri =80℃)	0	10	20	30	0.81	0.85093071318715341	0.84	0.83866205209774813	



DCOP @ 80% RHpi

DCOP (Tri =60℃)	0	10	20	30	0.5	0.6	0.62706838645051322	0.67803821857870461	DCOP (Tri =70℃)	0	10	20	30	0.66885570662275806	0.67274382106757069	0.78678401100292272	0.89460194456079167	DCOP (Tri =80℃)	0	10	20	30	0.8	0.81904928854903125	0.81904928854903125	0.87766958940462003	



DCOP @ 90% RHpi

DCOP (Tri =60℃)	0	10	20	30	0.6064639137710629	0.60303385705989609	0.63638792885033846	0.65	DCOP (Tri =70℃)	0	10	20	30	0.80804844373273144	0.85422264051745889	0.80804844373273144	0.84	DCOP (Tri =80℃)	0	10	20	30	0.94	0.96	0.98	1.11293538569775	



SER @ 60% RHpi

SER (Tri =60℃)	0	10	20	30	4.6052631578947366E-2	0.1023391812865497	9.5281306715063518E-2	0.11116152450090744	SER (Tri =70℃)	0	10	20	30	0.11201991465149359	0.12190402476780186	0.11513157894736842	0.12280701754385964	SER (Tri =80℃)	0	10	20	30	0.10131578947368421	0.13331024930747923	0.12	0.11808367071524967	



SER @ 70% RHpi

SER (Tri =60℃)	0	10	20	30	0.11513157894736842	0.13157894736842105	0.12704174228675136	0.12704174228675136	SER (Tri =70℃)	0	10	20	30	6.4473684210526322E-2	0.1023391812865497	0.10361842105263158	0.12119113573407202	SER (Tri =80℃)	0	10	20	30	0.108	0.11232349165596919	0.10885167464114832	0.12280701754385964	



SER @ 80% RHpi

SER (Tri =60℃)	0	10	20	30	7.6754385964912283E-2	0.10074013157894737	0.11164274322169059	0.11513157894736842	SER (Tri =70℃)	0	10	20	30	0.10835913312693499	0.1062753036437247	0.12119113573407202	0.13157894736842105	SER (Tri =80℃)	0	10	20	30	0.11513157894736842	0.1255980861244019	0.1255980861244019	0.12851897184822522	



SER @ 90% RHpi

SER (Tri =60℃)	0	10	20	30	0.11884550084889643	0.11513157894736842	0.11884550084889643	0.10526315789473684	SER (Tri =70℃)	0	10	20	30	0.12446657183499289	0.13157894736842105	0.12446657183499289	0.12	SER (Tri =80℃)	0	10	20	30	0.124	0.126	0.13	0.13	
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