2. Project Facilities 
2.1 Aircraft

Three aircraft will participate in this component of T-PARC

The aircraft participating in T-PARC are: 

· NRL 154589P-3B 

· USAF C-130J

· DLR Falcon

The Naval Research Laboratory (NRL) P-3 is supported and deployed out of Patuxent River Naval Air Station, MD. The NRL P-3 has aircraft performance specifications are listed in Table 2.1. The instrumentation aboard the aircraft, described more completely in Table 2.2, includes the ELDORA Doppler radar, a GPS dropsonde system, selected state parameters, and a data system, all provided by NCAR/EOL. 

	Type Engines: 

4 Allison T56-14 Turbo Prop Engines 

Each rated at 4600 Shaft Horse Power (SHP) 

Crew: 2 Pilots, Flight Engineer, Navigator, Flight Director (meteorologist), 2 or 3 Engineering/Electronic specialists, Radio/Avionics specialist, and a up to 12 Scientist or Media personnel. 

Max. Takeoff Weight: 135,000 lbs. 

Ceiling: 27,000' Rate of Climb: Up to 3000 FPM depending on aircraft gross weight and density altitude 

Operational Airspeeds: 170 - 250 KIAS 

Electrical: 4 Generators (3 are engine driven, 1 Auxiliary Power Unit) each generator yields 120 volt, 3 phase, 400HZ power 90 KVA max power Max. 

Gross Weight: 135,000 lbs max takeoff weight 114,000 lbs max landing (103,880 is normal) 

Empty Weight: Approximately 73,000 lbs depending on scientific gear installed 

Maximum zero Fuel weight: Approximately 77,000 lbs. 

Useful Load: Approximately 62,000 lbs Fuel Load: 58,000 lbs. 

Type Fuel: JP4, JP5, JP8, JET A, JET A-1, JET B 

Standard Fuel Burn: 4500 - 6000 lbs/hr depending on altitude and airspeed 

Maximum Range and Duration: 

LOW ALTITUDE - 2500 NM OR 9.5 HRS 

HIGH ALTITUDE - 3800 NM OR 11.5 HRS 

Dimensions (external): Wingspan = 99 ' 8" Length = 116' 10" Height to top of fin = 34' 3" Top of fin to lower skin = 24' 4" 


	Airborne Data System

A. Acquisition

ADS2 (Motorola 68040 based)

NCAR Distributed Sampling Modules (1 unit)

Analog, digital and serial recording available at adjustable rates (1, 5, 25, 250 sps)

B. Operator Station

Intel L440GX+ Motherboard with Pentium III-500 CPUs, 512 MB Memory, Redhat Linux 7.2 OS

General Digital 17 inch 1280x1024 TFT Flat panel Color Monitor

IBM-DRHS36D 36 GB Removable Disk Drives (2 units)

UPS

C. Data Display/distribution

NCAR/RAD “WINDS” real-time display package

ASCII serial data feed available to Users via network link

	Aircraft position, velocity and Attitude

A. Honeywell Model HG1095-AC03 Laseref SM Inertial Reference System (Research): LATITUDE, LONGITUDE, PITCH, ROLL, TRUE HEADING, VERTICAL VELOCITY, VERTICAL ACCELERATION, N-S GROUND SPEED COMPONENT, E-W GROUND SPEED COMPONENT, ALTITUDE (MSL)

B. Garmin GPS16 Global Positioning System (GPS): LATITUDE, LONGITUDE, N-S GROUND SPEED COMPONENT, E-W GROUND SPEED COMPONENT, ALTITUDE (MSL)

	Static Pressures

Rosemount Model 1201F1 Pressure Transducer - Fuselage Pitot/Static, SN: 1516 (PSF, PSFC, PXSC)

	Radars

A. ELDORA Doppler Radar

B. C-band weather avoidance nose radar

	Dropsonde 

A. EOL GPS Dropsonde System 

	Dynamic Pressures

A. Rosemount Model 1221F1VL - Radome Gust Probe, SN: 148 (QCR, QCRC)

B. Rosemount Model 1221F1VL - Fuselage Pitot, SN: 659 (QCF, QCFC)

	DewPoint and Humidity

A. General Eastern, Model 1011B Dew Point Hygrometer - Starboard Fuselage Mount, SN: 1991293 (DPT, DPTC)

	Flow angle sensors, Radome gust probe

A. Attack - Rosemount Model 1221F1VL Differential Pressure Transducer, SN: 1177 (AKRD)

B. Sideslip - Rosemount Model 1221F1VL Differential Pressure Transducer, SN: 1176 (SSRD)

	3-D Wind Field: WIND SPEED, WIND DIRECTION, VERTICAL WIND SPEED, N-S WIND COMPONENT, E-W WIND COMPONENT. 

Geometric Altitude 

A. NAVCOM Model APN-232 Radar Altimeter. Fuselage Mount, 0 to 15,000 m AGL (HGM232)

	Table 2.1 Instrumentation on the NRL P-3 (from RAINEX Operations Plan)


 The USAF C-130J (Table 2) is deployed from a fleet of several similar aircraft from the 53rd Weather Reconnaissance Squadron at Keesler AFB, MS. Aircraft, data system and dropwinsonde system specifications are provided in Table 2.2.

	General Specifications
	

	Aircraft type
	WC-130H, J Model Aircraft

	Powerplant
	Allison Turboprop (4), 4000+ horsepower

	Aircraft size
	132’ 7” wingspan, 99’ 6” length, 38’ 6” height

	Speed
	>350 mph

	Ceiling
	>33,000 ft.

	Maximum Range
	>4000 miles

	Maximum takeoff weight
	155,000 lbs.

	Crew
	6 (pilot, copilot, navigator, flight engineer, aerial reconnaissance officer, dropsondes system operator)

	Flight level Data System Specifications

	Improved Weather Reconnaissance System

	Temperature
	Rosemount thermistor

	Dewpoint
	Edgetech 137-C3 dewpoint hygrometer

	Altitude
	Radar altimeter

	Pressure
	AirResearch Pressure altimeter

	Winds
	Multiple pressure and navigation parameters

	Position
	Global Positioning System (GPS)

	Sampling rate
	1, 10 second selectable archive rates.

	Dropwinsonde System Specifications

	Sonde expendable size
	16” x 2.25” (diameter)

	Sonde fall rate
	~2500 ft/min (depending on altitude)

	Sonde position
	GPS triangulation

	Sinde winds
	GPS derived with drift

	Other measurements
	Pressure, temperature, humidity

	Data system
	Relay to aircraft. Edited and formatted message to ground following end of each drop via satcom.

	Table 2.2 United States Air Force Researve WC-130 Weather Reconnaissance Aircraft (from RAINEX operations plan)


The DLR Falcon 20 is deployed from Oberpfaffenhofen, Germany. It is a versatile, small jet that has been used in several previous international field programs including FASTEX and IHOP. Its characteristics appear in Table 2.3. It must be noted that that the maximum range in table 2.3 can’t be reached during T-PARC research flights as aircraft are required to keep safety reserves of fuel depending on the availability of nearby alternative landing airports. The maximum flight range for T-PARC missions will be around 1400 NM depending on headwind, flight altitude and the availability of alternative airports. The maximum flight altitude can only be reached in the last part of the flight, when fuel reserves are low.
	Engines 

	Garrett TFE 731-5BR-2C

	Minimum Crew
	VFR: 2 Pilots
IFR: 2 Pilots

	Electrical Experimental Power
	DC: 28V / max. 600A
AC: 220V / 50 Hz

	Pressurized Cabin
	yes

	Masses 
	

	max. Takeoff Mass
	30 325 lbs

	max. Landing Mass
	28 880 lbs

	max. Zero Fuel Mass
	22 490 lbs

	max. Fuel
	8 832 lbs

	Performance 
	

	Altitude [ft]
	42 000

	max. Range [NM]
	2000

	max. Endurance [h:min]
	05:00

	max. Altitude
	42,000 ft.

	max. Speed
	450 knots

	Takeoff Distance (MTOM, ISA, MSL)
	6562 ft

	Instrumentation
	

	Aircraft Position, Velocity and Attitude


	The Honeywell Laserref Inertial Reference System (IRS)

	Pressure
	Static pressure: Rosemount Model 1501 (digital)

Static pressure: Rosemount Model 1201F2 (analogue)

Dynamic pressure: Rosemount Model 1221F2

	Temperature
	Two deiced Rosemount Total Air Temperature (TAT) sensor housings BW102

	Dew Point and Humidity


	Dewpoint hygrometer:  GE 1011B, General Eastern

Capacitive sensor:  Humicap-H ,Vaisala

Lyman-alpha absorption instrument (Buck Research, Boulder)

	Dropsondes
	Vaisala RD93

	Water vapor
	H2O-DIAL water vapor lidar

	wind
	WIND 2 µm scanning Doppler lidar

	Table 2.3 DLR Falcon characteristics and instruments


The DLR Falcon is instrumented with a scanning coherent wind lidar and a Differential Absorption Lidar (DIAL) for water vapour. These systems measure wind and water vapour profiles beneath the aircraft. The wind lidar operates at a wave length of 2.02 µm, the DIAL 
[image: image1.png]


Fig. XX: DLR Falcon instrumentation.

The new airborne DLR water vapour differential absorption lidar (DIAL) featuring four wavelengths (three online, one offline) for full troposphere coverage and a high power laser with high spectral purity was currently developed by DLR and was deployed for the first time in Summer 2007. This state-of-the-art system enables high spatial resolution humidity measurements with high precision. Wordlwide, this is the only airborne water vapour DIAL using four different wavelengths.

The airborne DLR Doppler wind lidar system measures wind profiles beneath the aircraft using the velocity-azimuth display technique. The instrument performs a conical scan around the vertical axis at 20° off nadir. The Doppler shift of the backscatter signal is proportional to the velocity component in the pointing direction from which the wind vectors are derived after one or more scanner revolutions. 

The scanning wind lidar yields profiles between 0.5 and 12 km altitude with an accuracy of better than 1 m/s at a horizontal resolution of 5 to 10 km. The vertical resolution of the measurements is 100 m. For the DIAL water vapour profiles from 0.5 to 12 km altitude with 10 % accuracy, the horizontal resolution will be between 1 and 5 km, and the vertical resolution between 300 and 500 m. Both lidar ranges are limited in the near and the far field: there are no data below 100 m AGL and in the 200 m (wind: 500 m) below flight altitude. Since all raw data are stored with high resolution, a trade-off between resolution and accuracy can be made when processing the data, depending on the scientific goals.

	
	DIAL
	Wind Lidar

	Transmitter type
	OPO
	Diode laser

	Wavelength (nm)
	935
	2022

	Pulse energy (mJ)
	40
	1.5

	PRF (Hz)
	200
	500

	Aver. power (W)
	8
	0.75

	Detection principle
	direct
	heterodyne

	Detector type
	APD
	PIN diode

	Telescope diam. (cm)
	40
	10

	Horizontal res. (km)
	1-5
	5-12

	Vertical res. (km)
	0.3-0.5
	0.1


Table XX. Water vapour and wind lidar system characteristics.
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