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Table S1: Complete Boundary Conditions
	Parameter
	Symbol
	Value
	Unit

	Tunnel length
	
	500
	m

	Internal diameter
	
	2.0
	m

	Depth below ground surface
	
	20
	m

	Fin height
	
	0.1
	m

	Fin spacing
	
	0.3
	m

	Surface enhancement factor
	
	3.0
	—

	Fin efficiency (aluminum)
	
	0.95
	—

	Overall surface efficiency
	
	0.967
	—

	Airflow velocity
	
	1.5
	m/s

	Inlet air temperature
	
	40
	

	Inlet relative humidity
	
	92
	%

	Ground/wall temperature
	
	28.5
	

	Atmospheric pressure
	
	101.325
	kPa
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Table S2: Derived Thermodynamic Properties at Inlet Conditions
	Property
	Symbol
	Value
	Unit

	Saturation pressure at 
	
	7380
	Pa

	Partial vapor pressure at inlet
	
	6790
	Pa

	Inlet humidity ratio
	
	0.0445
	kg/kg

	Inlet humidity ratio
	
	44.5
	g/kg

	Saturation pressure at 
	
	3860
	Pa

	Wall saturation humidity ratio
	
	0.0247
	kg/kg

	Wall saturation humidity ratio
	
	24.7
	g/kg

	Dry air density at inlet
	
	1.127
	kg/m³

	Cross-sectional area
	
	3.142
	m²

	Mass flow rate of dry air
	
	5.31
	kg/s
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Table S3: Geometric Parameters of Finned Tunnel
	Parameter
	Symbol
	Value
	Unit

	Total perimeter (with fins)
	
	18.85
	m

	Effective perimeter
	
	18.23
	m

	Hydraulic diameter
	
	0.667
	m
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Table S4: Flow Properties and Dimensionless Numbers
	Parameter
	Symbol
	Value
	Unit

	Reynolds number
	
	
	—

	Flow regime
	—
	Turbulent
	—

	Nusselt number
	
	139.2
	—

	Convective heat transfer coefficient
	
	6.18
	W/(m²·K)

	Convective mass transfer coefficient
	
	
	m/s
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Table S5: Decay Constants and Penetration Depths
	Parameter
	Symbol
	Value
	Unit

	Thermal decay constant
	
	0.0211
	m⁻¹

	Mass decay constant
	
	0.0187
	m⁻¹

	Thermal penetration depth (99% equilibration)
	
	218
	m

	Mass penetration depth (99% equilibration)
	
	246
	m
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Table S6: Temperature Profile Along Tunnel Length
	Distance [m]
	Temperature [°C]
	Percentage of Total Cooling

	0
	40.00
	0%

	50
	32.16
	68.3%

	100
	29.66
	89.9%

	200
	28.62
	98.9%

	250
	28.54
	99.7%

	500
	28.50
	100.0%
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Table S7: Humidity Ratio Profile Along Tunnel Length
	Distance [m]
	Humidity Ratio [g/kg]
	Percentage of Total Condensation

	0
	44.50
	0%

	50
	31.91
	63.6%

	100
	27.33
	86.7%

	200
	25.05
	98.3%

	250
	24.83
	99.4%

	500
	24.70
	100.0%


Table S- 7





Table S8: Local Condensation Rate Distribution
	Distance [m]
	Local Rate [g/(s·m)]
	Percentage Drop from Inlet

	0
	1.98
	0%

	50
	0.72
	63.6%

	100
	0.26
	86.9%

	200
	0.035
	98.2%

	250
	0.013
	99.3%

	500
	
	99.996%
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Table S9: Cumulative Condensate Yield Distribution
	Distance [m]
	Cumulative Yield [kg/s]
	Percentage of Total Yield

	0
	0.000
	0%

	100
	0.0851
	86.7%

	200
	0.0965
	98.3%

	250
	0.0976
	99.4%

	500
	0.0982
	100.0%
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Table S10: System Performance Summary
	Parameter
	Symbol
	Value
	Unit

	Exit air temperature
	
	28.50
	°C

	Exit humidity ratio
	
	24.70
	g/kg

	Total condensate mass flow rate
	
	0.0982
	kg/s

	Hourly condensate yield
	
	378
	L/h

	Monthly condensate yield (12 h/day)
	
	136
	m³/month

	Pressure drop
	
	20.92
	Pa

	Fan power
	
	140.9
	W

	Specific energy consumption
	
	0.37
	Wh/L

	Required PV panel area
	
	1.54
	m²

	Required battery capacity
	
	2.0
	kWh
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