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A NEW METHOD OF CORRECTION FOR RESPONSE
OF THERMOCOUPLE PSYCHROMETER IN DIRECT MEASUREMENT
OF WATER VAPOR FLUX

By Osamu TSUKAMOTO and Yasushi MITSUTA

Synopsis

For the measurement of humidity fluctuation in the atmopheric boundary layer, wet- and
dry-bulb thermocouple psychrometer has been used traditionally. However, in the direct
measurement of water vapor flux with eddy correlation method, underestimation of the flux is
often experienced due to its slow response to humidity fluctuation. The error in the water.
vapor flux measurement with thermocouple psychrometer was studied based on the dynamic
response equations of wet- and dry-bulb thermometers. A new method of correction for the
slow response of thermocouple psychrometer, with variable time constant in fluctuating
wind speed, is presented.
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Fig. 1 An example of cospectra of vertical velocity and specific humidity
by psychrometer (QP), infrared hygrometer (QI) and Lyman-a
hygrometer (QL) for Run 2-1.
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- Fig. 2 Ratios of observed water vapor
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Fig. 4 An example of simulated wet-bulb temperature fluctuation synthesized with
Lyman-a hygrometer and corrected dry-bulb temperature fluctuation. The
raw trace of observed wet-bulb temperature is also plotted for comparison.
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Fig. 6 Frequency response of the fine-wire
psychrometer of 120 #m in diameter
at 20°C, 2m/s. Solid lines are drawn
from the theoretical curves with Egs.
(16) and (17) using time constants of
74=0.19sec, 7,=0.70sec. Closed
circles are plotted with the observed L
data of the psychrometer with the i T )
Lyman-@ hygrometer as a reference. 001 01
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Fig. 7 Ratio of observed water vapor flux
from the psychrometer with time con-
stants of 74=0.19 sec and r,=0. 70 sec
to the ideal water vapor flux as a
function of frequency. Solid line is
the theoretical expression of M cosd
and closed circles are observed values
of the psychrometer with the Lyman-
« hygrometer as a reference. Open
circles are the results of correction A Y Ll )
for response by the present procedure. ~ 001
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Run 2-3
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Results of correction for response of wet- and dry-bulb thermocouple psychrom-
eter for Run 2-3. Upper three traces are observed fluctuations of dry-bulb
temperature, wet-bulb temperature and specific humidity. Next three traces are
corrected time series of dry-bulb temperature, wet-bulb temperature and specific
humidity. Next two traces are specific humidity and vertical velocity as observ-
ed by Lyman-a hygrometer and sonic anemometer respective’y. Lowest three
traces are cross products of w’ and three kinds of ¢’ presented above. Units
are °C for Td’ and Tw’, g/kg for ¢’ and m/s for w’.
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Fig. 9 Power spectra of corrected specific humidity of the thermocouple
psychrometer (upper half) and the cospectra of vertical velocity
and corrected specific humidity (lower half) as shown in fine solid
lines with closed circles. The heavy solid lines are the ideal data
by Lyman-& hygrometer and the dashed lines are the uncorrected
humidity data by psychrometer.
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Fig. 10 Comparisons of water vapor fluxes of uncorrected (left) and
corrected (right) psychrometer data and Lyman-a hygrometer
data.
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