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Ambient Temperature Measurements from Radiosondes Flown on
Constant-Level Balloons

R . r iii 1). Ri :Nor.o)S .% ni) Rov L. l.nrilti

(1M~anusirilit received I.; Septetvntfcr 19)65, in riwised forni 27 Janua;rv 19W~~

. 1A IiRIA (

Acattm4 oif err ri'ou, ietriperrdtires~ ,,,tainutd in iOw c,.r~ir 'I iw. of a tu,iny tt-iin ,t.in lardtrI .it,
flown on rr'n,,tint-lei.t1 kilattnni n at hilSi mi Ni.int j-jlt 1'' inC is dtii 't.l e.. A 4111t4 an I in xwnien~o'tii-
c:rionnof the rafltrtwi(dotEes %hich ;irtc~m r ttri ibcitenltwr~lttre..on da:,viuiht flight is ilt-criliV41.

1. Introduction ttire ditring, tiis I (-ruin interval ran-ed front -. 52.0
to -5.;ioc. while the spik-es ratngc(I to -. 3.5.0C. indi-The standard radliosontle is (lesi-nferl to ilteastire ctiimnerr .1S.Atin I eiprtii sreie

atmospheric tenilwrat tire as thle insitirnient ascends oi eenal eudiiiht tii~tei eprtr
at balloon. Ustia I ascent rate,. areei frsn tile todstre atopei tKmea ftr

tiifl t ani Vfltl~iiof atthee frate is XX excto inXX fiti otitsit!e of art boItonfl a rv I a %e r. Trhe amib ient1. etliperit-
ini-1,an vetiltin a thsenits i epliit n alcl-Itirt of - 52.0 to ' 3.Cwas established front twohat ionis of lii cnnist or response p erform ed liv I Badule *hi inicy wituhinsot sautespc7- rugtilar raisod li-hsttd iti h pc

(1957) and others. Thte iii casti remnlet (if t rile anibiiiiticit~ r iicfa ie h t oete cattrsctia
tempera t tire fromt lb tallng b allboons is in twIt tmore and little frm.wit aoetmeL~trscmae

diffli til t 1 tcats isenVtilt i In itis essetiiti;Ll1 lackin fa-rll ii tilhe tentperat tire for the cold est parts
The ti se of constant -level ba i i rlloos its iict ci i iii ica I
.wefl5r p1: utforttts is a cce c:leiiin g, as is c%-i' Ieiler in
the ( ;11P IS' (Glroba:l I I rizontaI rinll gTciiji
prograin , andm in oilher ; ro~ec Is stit clias tilie sttie lv of
mtotintain lee waivc, being titdtl at White Sands Mlissue
Range (WSM IR). In this st tidv, radliosondes flown onl
supverprcsstire ba'lloons p)r~xticed:( iniacctiral C, erraitic,
and uinusable I eniperat tires ott thle first few flights.
This paper describes a simple andI iniexpensive mtirdificau-
tion to thle radriosonle- %kIiich was rleviserl and irotit
which nmtore a ccimi re am tbien t ternperil t tiires were UJ
obtaui ned.

z
2. Background_

1)tiring the spring and winter seasons of 11963 throtigh a
1%65, a study of mounlain lee waves was conductedl at
WSNI k. Th'e ba~sic techniqute of this studyl wa.s the
tracking by AN; hI'S-16 radar anrd ANJ;M1I-I
grotinrl et lipnient. of the t hree-dlimtensional miot ion of
sttx~prjresstire baillootns will; rafliosondcs at tachetl, as
they floautedl across tile riange frritt the west aind passedl
over the San Andlres niountains. The temperatutre
records front the first few flights did not vielil acctirate
or even tisable restilts. Instead, tile readrin.-s were -55 -35
erratic atnd had nunierotis heat "spikes" ts seen in Fig. TMEAUE(C
1, which isa typicaul trace, reprxluced from the recorder TEFEATR 1,(C)yd riwaue(,,itKlmijhtii t2'chart of a flight made on 29 April 1963 at. 14(X) msTr ml (in. N. H'tpr'-' ixpi. wrh 'tte from it, r lar ofther I c aivil wratu tract

at a pressture height of 250 mIb. The armhient tettipvera- Wui% equal' itp thtt- utttitijn irmntorawt i,.
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Lfd"ffIMVA aauog SLM- oiYT, REGULAR POSITION OF
ML-419 ThRMISTOR

L"JUSALE ON A

?~e-4o -~ TFLOATING BALLOON

"A" KIM s (DOM anWW-MAlT-I5 RADIOSONDE
90AM LAVI ITH(WITH aCICX-MYICHI*G)

TPOPC FO WITE SaW1

fm.eSTYROFOAM SHIELD

Fic.. 2. Floating mylar balloon in daytime. The temiperature of REDAE POSITION OFj THERMISTOR FOR FLOATING~healloon gas (7', is eqlual to the temperature of the ambientBALOAPICTN
air. so no heat b~oun'lary exists around the balloon.

I1:,. 3. M~odification of the radiosonde for use with a constant-
of the trace shown in Fig. 1. The continuous temipera- level lballoon. The 2 inch X 41 inch styrofoam shield is cut from
ture trace wa.s obtained bv remnoving the baroswitch I inch stock.
arm front the AmslT-4I1 radiosonde while later flights
used the ANIT-15 radiosonde, in which the tempera- producing the erratic temnperature readings, but calcit-
ture, humidity arnd pressure circuits are switched by a 1lations showed that the freqjuency of this periodlic
clock mechanismi, a necessar 'y technique for rarliosondles miotion did not algree %%itli the frequency of the heat
usedI with constant-level balloons. Initially' it WaS spikes. A search of the iiterature on the use of ther-
thought that pendulumn or bobbing mnotions rnight b~e mnistors aS atm-ospheric sensors prexluced ample material

Fir, 4. This close-up shows the dangling thermistor (dangler) attached to an ANJ/ANIT-l5 radiojonde.
T~he thermistor support of the dangler is made by taping two regular radiosonde thermistor support arms
back-to-back.
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BALLOON diaigram for flow at night is not shown since, in the
uw'sw. CONFIGURATION mountain lee waVe Stud, :111 but one of the IIgh,[ts

BALLOON were nmade during davlight hours. It was dec~ided( to
~ ( MITS OMITISrelocate the thermistor below the radiosonde as suig-

I gested by Ney el al. (1901). Wa~gner (1965) also trecats
the same problem.

xCut-DOWN Soms 3. Modification technique and tests

-PARAtHUTEThe tcrmistor was relocated four feet below the ustual
po~sition in the radliosondle by use of brackets and ex-

'I ~ ~~~ ~ tended leads, as seen in Fig. 3, where the "dangling"
1 thermistor location is compared with the usual positionl.

Fig. 4 shows a close-uip of the complete miodificat ion.
The AN'r-li radiosondles were Tmo0difle(I before the

____________baseline check calibrations were madle. The modification
?~IM~?~ did not make the baseline check calibration an\ more

(difficult or complex, but the radiosonde was a little
Fic.. S. The balloon train a-, used in lee wave studv at White oedfiutt ees. i.5sostecmlt

Sands Missile Range. The size of tl.e balloon varies from 2 it) alo ri si a sdi h e aesuy
3 rn depending on the that altitude that is dlesired.

The f~irst flight which used the modification was made

pertinent to rising b)alloons, but verv little regarding on 13 Nal 93 iha n A T413 rdood atce
floating balloons. However, Ney ef al. (1961) presented to a balloonwhcfotdatapesrhigtf10
results of a carefully made study of the heating effects m.Tetmeatr rc rmti lgt(1.6
of boundary layers in and around floating balloon wat eysalwt oha pks n aidfo
tra-ins. Their results show that heat fromn the boundary -62.4 to -63.7C (luring the floating period. These
lay-er flows upward during the daytime. (See Fig. 2 temperatures were consistent with those reported from
which is patterned after their diagram.) Their similar -
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TEMPEATURE(C)Yin,. 7o A coriparissin rof temperature traces, from a regularly
Fin. 6. A tempgerature trace from a mogliried rauhiowsnle til- ;wimitiionel and] i dangling therrnktor taken~ lsv one ratlhiosnrle 'in

tacked to a foalloon floating at (IW ml, on 13 Mfay MI. This 3 June lQN)4 a! M0 nit) piressure altitude. The humidlity circulit
temperature trace Is from the first dangling thermis'tnr that wias was suital)lv aelaisted fig a tirmierature circuit for a 'dangling
flawn. thermistor. CTime Is In minutes andl seconds.)
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a regular radiosonde ascent made within two hours and 4. Conclusions
ten miles of the test flight. Subsequent flights for tVe Accurate ambient temperatures were needed from
mountain wave study, using the dangling thermistor radiosondes flown on constant-level balloons. Research
technique, also presuced satisfactory temperature of the problem disclosed that ambient temperatures
traces, from floating balloons during the daytime could be

A more conclusive test of this technique was made obtained by dangling a thermistor below the boundary
on the afternoon of 3 June 1964 when two thermistors, layer of the balloon train. The simple dangling thermis-
one in the standard brackets and the other dangling tor technique herein described was found to be accurate
below the instrument, were used simultaneously on a within =i=IC by comparison with a regular radiosonde
single AMT-15 radiosonde attached to a balloon float- sounding taken within essentially the same space and
ing at a pressure height of 30 mb. The second thermistor time frame.
replaced the humidity sensor in the modified circuit, This inexpensive modification, which is suitable for
and the preflight baseline check of the radiosonde pro- use with any American radiosonde currently in use,
duced two sets of values for the temperature evaluator, eliminates the erroneous temperatures resulting from
The results of this test are shown in Fig. 7, reproduced the heat boundary layer o" a balloon floating during
from a section of the recorder record. The actual record daylight hours.
showed two consecutive temperature traces, followed REFERENCES
by breaks for the reference and/or hypsometer traces
which were not reproduced in this figure. Dots con- Badgley, F. I., 1957: Response of radiosonde thermistors. Rez.

Sci. Inst., 28, 1079-1084.
necting the trace segments from the dangling thermistor Jordan, C. L., 1960: Apparent diurnal temperature variations
make the record appear continuous. Solid lines were from meteorological observations. J. Meteor., 17, 569-571.
used in the same way for the trace from the thermistor Kochanski, A. B., 1956: Wind, temperature, and their vari-

ability to 120,000 feet. Air Weather Service Tech. Rep.
mounte.t in the regular position. The heat spikes in this TR 105-142.
ligure ire not so large as those in Fig. 1, but reflect Ney, E., R. W. Maas and W. F. Huch, 1961: The measurement of

errors of more than 11 C in the regular thermistor. atmospheric temperature. J. Meteor., 18, 60-80.
Spaulding, T. B., and S. B. Solot, 1961: Horizontal sounding

Significant also are the ranges of temperature within balloon feasibility study. GRD Research Notes No. 56, Air
this 10-rin interval. The dangling thermistor ranged Force Cambridge Research Laboratories, Bedford, Mass.
from --44.5 to -48.5C for a difference of 4.0C, while Staff of Meteorological Systems Branch, 1961: Instructions for

Radiosonde Set AN/AMT-15 (XE-2). U. S. Army Signal
the regularly mounted thermistor ranged from -36.0 Research and Development Laboratory, Fort Monmouth,

to -48.5C, or 12.5C. For this test also, the tempera- N.J.
tures from the dangling thermistor agreed well with Wagner, W. C., 1965: Temperature measurements from floating
those from a standard ascendling flight made nearb% balloons. Proceedings, 1964 A FCRL Scientific Balloon

Symposium, Air Force Cambridge Research Laboratory
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