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Mission briefing:

This flight was the second CBLAST mission into Hurricane Fabian on N43RF.  Takeoff was planned for 1500 UTC from St. Croix.  Calibration maneuvers for the BAT probe were planned during the ferry to Hurricane Fabian, which was approximately 250 n.mi. northeast of St. Croix at the time.  The initial point (IP) was set at 60 n.mi. southwest of the center.  From the IP, a penetration through the eye from the southwest to the northeast would be performed by both P-3’s (N43RF at 5000 ft. altitude and N42RF at 7000 ft. altitude).  Each leg was set at 60 n.mi., and during the legs the 12-sonde drop sequence would be performed.  The purpose of these drop sequences was to be able to resolve the steep radial gradients in equivalent potential temperature and angular momentum in order to calculate thermal and momentum budgets within the eyewall of a mature hurricane.  The lower aircraft (N43RF) would drop 4 GPS sondes at 30-s intervals, starting at about 10 n.mi. outside the inner edge of the eyewall reflectivity maximum.  An AXBT would also be dropped coincident with the innermost GPS drop.  N42RF would drop their first GPS sonde 15 s after N43RF dropped their last sonde, and N42RF would release 7 more GPS sondes as fast as possible afterward, which was about every 10 s (or .5 to .75 n.mi. separation).  N42RF would also drop a sonobuoy and an AXBT coincident with their last drop.  For the outbound leg, this pattern would be reversed.  Coordination for the outbound leg would be performed in the eye of the storm.  

After completion of the outbound leg, suitable locations for conducting stair-step descent patterns were planned.  These stepped descent patterns were designed to capture turbulence measurements in a high-wind boundary layer using the BAT probe and droplet spectra using the CIP probe.  The plan called for 4 stepped-descent patterns: two in the downwind right (with respect to storm track) quadrant and two in the downwind left quadrant.  In each of the two quadrants, descent patterns were planned at a radius where hurricane-force winds were occurring at the surface and one where gale-force winds were occurring at the surface, conditions permitting.  For each of the descents, N43RF would run along-wind legs of 20 n.mi., alternating between upwind and downwind legs and descending at each turn.  The altitudes planned were 2500, 1200, 900, 600, 400, and 200 ft. for each leg.  After completion of the 200 ft. leg, N43RF would begin across-wind legs, starting at 200 ft. and climbing to 400, 600, 900, 1200, and 2500 ft.  Each across-wind leg would be 20 n.mi. long, or as far as space would allow.  The initial along-wind legs at 2500 and 1200 ft. would be coordinated with N42RF, as would the final 2500 ft. across-wind leg.  If there were time remaining, a final eye penetration and center fix would be performed.

Mission summary and evaluation:


The flight track is shown in Fig. 1.  The reflectivity structure of the storm today was notably different from yesterday.  On the first day there was primarily a wavenumber-1 reflectivity asymmetry on the northwest side of the eyewall with a spiral primary band wrapping around the east and south.  On this mission there was still a reflectivity asymmetry, but it had rotated to the north side.  Outside the eyewall there were numerous banded features.  At various times up to five outer bands were evident on the lower fuselage radar (N42RF radar image in Fig. 2).   In addition, the wind field at flight-level had broadened.   The 12-sonde sequences were completed successfully, with good coordination between the two aircraft.  It was more difficult than anticipated to find suitable locations to perform the stepped descents, however.  Initially the northeastern portion of the storm was attempted, but upon commencing the downwind leg it became evident that there was too much rain in this area, and the rain area was collapsing in on the region of the stepped descent pattern.  This pattern was aborted and another penetration was made into the eye in order to attempt another stepped descent on the southwest side of the storm.  Once again, however, after the pattern was started rain closed in on the moat region and the pattern was aborted.  The aircraft then tracked downwind around the storm, ending up in the northwest portion of the storm to attempt another stepped descent, about 60 n.mi. from the center.  This time the moat region remained intact, and N43RF was able to complete a set of along-wind stepped descents at 2500, 1200, 900, 600, and 400 ft. and across-wind legs at 2500, 1200, 900, and 500 ft.  Maximum surface winds during these legs were measured by the SFMR at 75 kts., well above hurricane force.  After the across-wind legs were completed N43RF returned to St. Croix.


Several landmark events occurred during this flight.  For the first time, turbulence and sea-spray measurements were collected at winds higher than hurricane force.  The wave field was chaotic, with maximum wave heights estimated by the SRA at 30 ft.  Sea spray was sheared from the tops of the breaking waves and was rapidly spread downwind in the strong flow.  Several modes of surface waves were evident: windsea with whitecaps was superposed on swell with wavelengths on the order of hundreds of meters (Fig. 3).  From below 1000 ft., it was also apparent that there were streets of sea spray.  There were lines of clear air alternating with lines of hazy air.  The axes were aligned with the surface wind.  The spacing between the axes was on the order of 1-2 km, suggesting that these were possibly boundary layer rolls that we were seeing.  This may provide further evidence that these rolls exist in high-wind regimes.  Finally, at the completion of the 600 ft. upwind leg we had to ascend to 1000 ft. and fly through some light rain before we could continue down to 400 ft. because the windshield on the aircraft was covered with sea salt.  Evidently the sea salt was carried upward to at least 600 ft. by the turbulent mixing at the surface.  No measurements of sea spray and salt have been made before in these conditions, and these observations provide evidence that mixing can occur at least within the lowest 1000 ft.

All instruments worked adequately during the mission.  There was some problems with one of the pressure sensors on the BAT probe, but the probe was still able to obtain meaningful measurements.  The airborne radar worked well.  For the tail radar, the antenna was set for continuous mode for the radial penetrations in order to be able to obtain vertical incidence measurements in the eyewall and in F/AST mode for all other portions of the mission.  The GPS sondes did have a tendency to report late and/or spotty winds, but otherwise they functioned adequately and were transmitted successfully.  Maximum surface winds measured by the SFMR that were coincident with the drops were 100 kt, while mean boundary layer winds ranged from 100 to 120 kt.  The two AXBT’s dropped from N43RF measured sea surface temperatures of 27.7 and 27.5 ˚C.  Both the CIP probe and the SRA worked fine.
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Figure 1.  Flight track of N43RF on 03 September 2003.
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Figure 2.  Lower fuselage radar composite from 192325 UTC to 193541 UTC from N42RF.










Figure 3.  Photos taken from 600 ft. from N43RF.  Surface winds were hurricane force (approx. 70 kt) at this time.
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