NASIRF: The NASA Air-Sea Interaction Research Facility

Joint Heat Flux Experiments with Western Connecticut State University: Jan.2006

Prof. James Boyle

_ _ The Goal:
Inside NASA Wind Wave Tank .
Accurate Measurements of:
WCSU Multi-Sensor Float Under net surface heat flux
Development (~ 20 cm diameter) net solar irradiance

near-surface tem perature

IR Image Looking Down Into sea state parameters
Wave Tank at the New Multi-

Sensor Float (MSF) Flux Measurements

During IR Image

- NASIRE: 16 Januay 2005 . — MSF Water (bulk)
ué :::— l Infrared time lapse images taken - e MSF Water (skin)
E ol gk Ml N 4 — MSF Water (skin)
g Ww! Y ”W RN .

ool | W L “‘»NW o — MSF Air (2 cm)

13607655 16.765 15.?565 . :16.767 ) 15.7675 16.758 16.7685 Air (8 Cm)

time tJuIlanlDay. 2006) | | p Air 23 Cm

S 208 S sy
a B o MSF Water (bulk)
'u_‘-i 18 mg: Waier :s:!ng
— ater (SKin
| MSF Al (2 cm) Steven R. Long
L R Air (8 cm)
S S B e A A Pl
1 1 1 1 1
167685 16.766 16.7665 16.767 16.7675 16.768 16.7685 NASA GSFC / WFF

Code 614.2
WaIIops Island, VA 23337

Interaction
Research
Facility



Presenter
Presentation Notes
A Multi-Sensor Float (MSF) for measuring ocean surface parameters and processes (“skin” temperature, heat flux, etc.). 
The experimental conditions used were cooled air (temperature and humidity controlled) flowing over heated water within the wind-wave tank. 
Top Left Image:  View of WCSU multi-sensor floating inside the NASA Air-Sea Interaction Research Facility wave tank. A light wind is blowing right to left. A Pitot rake is used to measure wind speed at 3 levels, seen at left of image, giving u*, the friction velocity. The multi-sensor float is a foam ring of about 20 cm diameter with a porous fiberglass fabric stretched across the ring opening, providing a porous fabric at the air-water interface. On this porous fabric surface, sensors are mounted that measure skin temperature gradients at the water surface, which ultimately determines net surface heat flux, net solar irradiance, and near surface temperatures. The float can sense inversion (flipping) by wave conditions, and changes the sign of data appropriately. A small instrument module can be seen on the ring perimeter.
Bottom Left Image: Looking down onto the water surface using an IR camera. This shows the temperature variation across the wave surface as the multi-sensor float moves by in the light wind wave field. Additionally, it gives another measure of the temperatures present within the ring at the air-water interface at a particular time during the temperature data measurement, as an additional verification of data quality.
Right-Side Double Chart: Upper plot shows time variation of heat flux in units of 100*watts/m^2. Black line is from bulk temperature measurements. Green line is from water surface temperature difference measurements. Notice it is more responsive to turbulent variations. In the lower plot of actual temperatures, the upper line of the three lines shows the bulk water temperature along with two separate measures of water surface temperature. The middle line gives the air temperature at 2 cm above the surface, and the bottom line gives the air temperature at 8 and 23 cm above the water surface. The air was cooled and flowed over a warmed water surface.
The scientific result is an accurate measurement of water surface skin temperature gradients, demonstrating an effective and inexpensive means of providing net surface heat flux, net solar irradiance, and near surface temperatures, along with sea state parameters. Many numerical models need to specify surface fluxes and temperatures as boundary conditions. The device could also provide local measurements to validate atmospheric corrections of satellite radiometric surface temperature data.

Reference Publication:  Effect of Microscale Wave Breaking on Air-Water Gas Transfer, by C. J. Zappa, W. E. Asher, A. T. Jessup, J. Klinke, and S. R. Long, in Gas Transfer at Water Surfaces, Geophysical Monograph 127, American Geophysical Union, 2002, pp. 23-29.



Research and Development:
A Surface Contact, Lightweight, Wave-Following,

Multi-Sensor Float

NASIRF, the NASA Air-Sea Interaction Research Facility at Wallops Flight Facility has
hosted another joint experiment with the Western Connecticut State University and Prof.
James Boyle. The instrument uses a porous fiberglass fabric stretched inside a foam ring to
support the sensors at the air-water interface.

The Goal is to measure ocean surface skin temperature gradients, which are ultimately
used to determine net surface heat flux, net solar irradiance, and near-surface temperature.
The device is wave-following, allowing measurement of other sea state parameters.
Accurate in situ measurements of local skin temperatures would support verification of the
accuracy of atmospheric corrections for satellite radiometric measurements. Many
numerical models need to specify surface fluxes and temperatures as boundary conditions.
This new sensor concept is proving capable for this task.

Hundreds of these multi-sensor floats could be deployed from ships or aircraft to
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