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ABSTRACT

Microthermal sensors contam inated by sa lt aerosol droplets are subject to erroneous tem perature fluctua­
tions caused by w ater vapor exchange in response to fluctuations in hum idity. The effect was studied by 
comparing the values of m ean-square tem perature fluctuations indicated by contam inated and clean sensors. 
T he effect was negligible for am bient relative hum idities above 85%, prim arily  due to the lack of hum idity 
fluctuations. The errors were significantly diminished by frequent washing of the sensors.

1. Introduction

Very fine resistance wires (called m icrotherm al 
sensors) are often used to m easure high-frequency 
tem peratu re  fluctuations in the  atm osphere. In  the 
atm ospheric boundary  layer over the ocean these 
m easurem ents are degraded by  th e  bu ildup  of hydro ­
scopic sea-salt aerosol droplets on the  wires (Schacher 
an d  Fairall, 1977). One category  of m easurem ent 
degradation  is caused by artificial tem peratu re  changes 
sensed by  the  wires due to  the  absorbing or releasing of 
w ater vapor b y  the sa lt droplets in  response to  fluctua­
tions in  relative hum idity  (Schm itt et al., 1978). T he 
buildup  of sa lt droplets also causes a  loss of sensor 
frequency response, a  sub ject d ea lt w ith  in ano ther 
paper (Schacher and  Fairall, 1979). T his no te is a 
quantification  of the  errors caused b y  the  sa lt-hum idity  
effect (based on shipboard m easurem ents) and  a  p artia l 
solution to  the  problem . T he m ethods used were an 
analysis of m easured values of m ean tem perature 
fluctuations from  clean and  contam inated  sensors.

2. Instrumentation

T h e sensors used in this experim ent were Therm o- 
System s M odel 1210 probes w ith 2.5-/¿m diam eter

p la tinum  wire. T h e  wires are approxim ately  1.5 mm 
long w ith a nom inal resistance of 50 Q. T he probes were 
em ployed in pairs using the two sensor (see Section 3) 
m ethod where the  tem peratu re  difference (AT )  between 
the  sensors was m easured w ith  an  ae w heatstone bridge. 
T h e  fluctuations in  AT (sensed as changes in resistance) 
cause fluctuations in  th e  bridge balance o u tp u t voltage 
(F ')  given by

V ' =  aG B R A T , (1)

where R  is the sensor resistance, B  th e  bridge sensitivity  
(20 V O-1), G th e  p roduct of am plifier gains and  a 
th e  resistance tem peratu re  coefficient of th e  p latinum  
sensors (0.0036 K -1). T h e  voltage fluctuations are fed 
to  an  rm s m odule w ith a  tim e constan t (or integration 
tim e) of 100 s and  then  o u tp u t to  a  s tr ip  ch a rt recorder. 
T h e  strip  chart records are usually  reduced to  half-hour 
average values. T h e  rm s voltage is then  converted to 
ATrms using Eq. 1.

3. Theoretical considerations
Given two tem peratu re  sensors a  d istance d apart, 

then  the  m ean square tem peratu re  difference can be 
w ritten  (Lum ley and  Panofsky, 1964)

( A r rms) 2= ( A r 2) =  C r2̂ ,  (2)
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F i g . 1. Strip chart record of rms tem perature difference fluctua­
tions versus time. ® ’s designate washing of the wires.

where d  falls w ith in  the inertial subrange of isotropic 
turbulence and  Ct2 is the tem perature struc tu re  
function param eter. T h is q u an tity  is related to  the 
one-dim ensional tem peratu re  Fourier power spectrum

cf>TT(k) =  0.25CT2k - 5ls, (3)

w here k is the one-dim ensional w avenum ber m agnitude. 
G iven the  probe spacing (d =  0.3 m for this data) 
and  the m easurem ents described by  Eq. (1) we can 
calculate C t2- However, the  calculation of Ct2 is subject 
to  errors due to the  influence of the sea-salt con tam ina­
tion on the m easured values of A T ims.

4. Results

In  order to  illu stra te  the m agnitude of the  sa lt 
effect and  the tim e scales involved, we have reproduced

a  s trip  ch a rt record  (Fig. 1) of th e  rm s tem perature 
difference for a p a ir  of wires w ashed clean of sa lt three 
tim es in a  period of 2.5 h. N ote th a t the  signal increases 
stead ily  im m edia te ly  after w ashing before gradually  
leveling off. Since th e  clean A r rms values were about 
half th e  con tam inated  values we w ould expect the 
C t2 values calcu la ted  from th e  contam inated  wires to 
be ab o u t four tim es the  correct value.

In  an  effort to  exam ine the  sa lt effect, the  resistance 
wires were system atically  w ashed or changed a t 
roughly 1 h in te rvals during a  recent experim ent 
(designated CEW CO M -78). T h e  wires were washed by 
spraying w ith a  fine m ist of w ater followed by  acetone 
or alcohol. M ean ra tio s  of ( A r rms)2 im m ediately before 
and  afte r w ashing versus relative hum id ity  (RH) 
appear in Fig. 2. W e observed th a t A r rms values from 
con tam inated  w ires are larger for an  R H  range from 
60-85% , only. P resum ably , the effect is dim inished a t 
R H  above 85%  because hum id ity  fluctuations are 
less intense due to th e  small R H  gradient. T heir effect, 
as described, is w ith in  the system  accuracy. P resum ably, 
the  effect is d im inished a t  R H  below 60%  because the 
sa lt nuclei a ttac h ed  to  the wires are n o t ac tiv a ted  to 
form  droplets (F itzgerald, 1975); hence, hum id ity  fluc­
tua tions cause less significant absorption or evaporation.

As a  word of cau tion , i t  should be no ted  th a t these 
results apply to  w ires th a t have been washed a t  1 h 
in tervals and therefore are only lightly  contam inated. 
An exam ination of earlier d a ta  from  sensors exposed to 
m arine aerosols for several days suggests th a t heavily 
con tam inated  wires are subject to erroneous readings 
in  all hum idity  regions. L aborato ry  experim ents 
(Schacher and. F airall, 1979) have shown th a t  an 
aerosol d rop let layer several wire diam eters thick 
will lead  to sufficient loss of frequency response to 
affect C t m easurem ents. Since the droplet size increases 
w ith  relative hum id ity  [[Fitzgerald (1975) indicates
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F ig . 2. The ratio of mean-square tem perature difference measurements with 
contam inated sensors before and after cleaning or replacem ent versus ambient 
relative humidity.
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th a t  the  m ajo rity  of the increase occurs above a 
relative hu m id ity  of 9 5 % ], one anticipates th a t this 
effect will be m ost severe a t high relative hum idities.
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