11.2.1 Water Recovery System Sizing 

Calculation Basis:
 - Aircraft washing cycle water consumption (virgin + recycled) - Evaporation losses during high-pressure spraying - System blowdown for water quality maintenance - Safety margin for operational variations 

Formula: 
Total Water Required (TWR) = Aircraft Surface Area × Water Application Rate Recycled Water (RW) = TWR × Recovery Efficiency Fresh Water Makeup (FWM) = TWR - RW + Evaporation Loss + Blowdown 

Example: Boeing 777-300ER - Surface Area: 1,050 m² - Water Application Rate: 0.45 L/m² - Total Water Required: 1,050 × 0.45 = 472.5 liters - Recovery Efficiency: 99.8% - Recycled Water: 472.5 × 0.998 = 471.6 liters - Fresh Water Makeup: 472.5 - 471.6 + 5 (evaporation) + 2 (blowdown) 

= 8 liters net consumption

Validation: Actual operational data from Norway shows 7.2-8.8 liters fresh water consumption per wide-body cycle, confirming calculation accuracy within 5%.

11.2.5 Cycle Time Calculation 

Calculation Basis: - Aircraft positioning time: 3-5 minutes (tugless towing system) - Prewash inspection: 2 minutes - Robotic positioning & calibration: 1 minute - Active washing time: varies by aircraft size (formula-based) - Post-wash drainage & drying: 3 minutes - Aircraft exit: 3-5 minutes 

Formula: Active Washing Time = (Surface Area / Nozzle Coverage Rate) + (Number of Pass es × Repositioning Time) Total Cycle Time = Positioning + Inspection + Calibration + Washing + Drainag e + Exit 

Example: Boeing 737-800 - Surface Area: 560 m² - Nozzle Coverage Rate: 45 m²/minute (8 nozzles × 5.625 m²/min each) - Active Washing Time: (560 / 45) + (3 passes × 0.5 min) = 12.4 + 1.5 = 13.9 minutes - Total Cycle Time: 4 + 2 + 1 + 13.9 + 3 + 4 = 27.9 minutes (~28 minutes) 

Validation: Operational data from Norway shows average 737-800 cycle time of 26-29 minutes depending on contamination level, confirming calculation accuracy.

Type Aircraft 		Fuel consumption 	efficiency	Annual fuel	Value 	   Co2
			Annual 			improvement 	Savings 
Boeing 737- 800 	580,000 gallons 		1.5% 		8,700 gallons 	$30,450     91 tons
Airbus A320neo 		540,000 gallons 		1.8% 		9,720 gallons 	$34,020     102 tons
Boeing 777- 300ER 	1,850,000 gallons 		1.6% 		29,600 gallons 	$103,600    310 tons

Airbus A350- 900 		1,620,000 gallons 		2.0% 		32,400 gallons 	$113,400    339 tons
F-15SA (Fighter) 		      85,000 gallons 		1.2% 		1,020 gallons 	     $3,570       11 tons
C-130J Hercules 		340,000 gallons 		1.4% 		4,760 gallons 	$16,660 	       50 tons
C-17 Globemaster III 	620,000 gallons		 1.3% 		8,060 gallons 	$28,210         84 tons

Fleet-Level Impact (Example: 50 Narrow-Body Aircraft): - Combined annual fuel savings: 435,000 gallons - Financial value: $1,522,500 - CO₂ emissions reduction: 4,550 tons - Equivalent to removing 989 automobiles from operation for one year

Scientific Basis: Fuel efficiency improvements result from: 1. Reduced Skin Friction: Clean surfaces reduce parasitic drag by 2-3% 2. Improved Laminar Flow: Removal of contaminants enables optimal airflow 3. Weight Reduction: Elimination of accumulated dirt/grime reduces operational weight by 50-150 kg depending on aircraft size

Aircraft Downtime Comparison

Washing Method 		Process Duration 	Personnel Required  Aircraft Unavailable Time Monthly 	Impact  unavail 
Traditional Manual Wash 	8-72 hours 	12 personnel 	  12-96 hours (including drying) 	24-192 hours
Chemical Dry Wash 	4-6 hours 	6 personnel 	    4-6 hours		 	8-12 hours  
MSG Touchless System	 20 minutes 	1 operator 	30 minutes (including positioning) 1 hour unavailable
Availability Improvement 	95-99% reduction 91% reduction	 95-98% improvement   23-191 hours extra. 
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