
- ___ -

1’ “AO AOSl 862 PANAMETRICS INC WALTHAM MASS F/G 114/2
1 DEVELOPMENT OF FLIGHT ALUMINUM OXIDE WATER VAPOR SENSOR SYSTEMS——ETC (U)

OCT 76 P GOODMAN N000114 75 C 11114
UNCLASSIFIED 

• 
ML

AD _______I A0318& __________ _________ __________ __________ _________ _________

___

U



_ _ _  

L

Hin I I
fft1ff I .25 IIllI~ L
MICROCOPY RESOLUTION TEST CF1~~T

NAIKiNAL BUREAU OF STAr~DARos~l963~j~



c~ Development of Flight Aluminum Oxide
Water Vapor Sensor Systems

FINAL REPOR T
I 
~ Contract No, N00014-75-C-1114

7
October 22, 1976

/ by
•1 ~ Philip Goodman

Prepared for /
Office of Naval Research

Arlington, V irginia 22217
I

DC

~s~~j 1 %916~~~~~~

PA NAME TRICS, INC.
22 1 Crescent Street

Waltham , Massachusett s 02 154

ib.L~l~~A ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~,. 
•
~~~



— 
tlnclassified

Securi ty Classific ist&on —

DOCUME,4T CONTROL D A T A . R & D
(S.curst y cIas~ s 1l. sl~~n ul I l t i ,. bodr of .b.ir.ci and iiad ~ *Ir. á anno~.Ij o., r,.u.I 6. .nt.,.d wh.n ffi • ol ’.r.fi fapelt is ci...U3.dJ

1. OR IG INATING ACTIVITY (C.~rpoV.S. a.athoi) 13.. RCPORT S EC U R IT Y  C~~A*$IPIC*VION -

~~~ Panam~trics , Inc . Unclassified
W 221 Crescent Street 26. GROUP

Waltham , Massachusetts 02154
ç ~.5EPoRT T I T L E

IDEVELOPMENT OF FLIGHT4LUMINUM ~ XIDE WATER ~ APOR SENSOR I
‘- 

(~~
YSTEMS. 

,
4—~~~

4. DESCRIPT IVE  N2TLIJ2 ~
.Q. 01 VSDQft and th~~j .~.iy .~aL...I

~~~~inal ~~ep~~ t. 1 May ~~75.. 31 Au~J — 76
TIIAR. . 1 r~ P~~p a,e. miaJTS1nIUaI .  17.1 n.m~ )

, 

~~~~~liP)Goodm~~J _ ~~ 7~7
S. PORT D A T E  7.. T UT A L  NO. OI~ PAGES lie. NO. OP REPS

October 22 , 1 976 29 15
Sm. CON T A C T  ON GRANT lIp . VS. ORI~~INATON~S REPORT NUM’.SRIS)

N ~~~~~~~~~~~~~~~~~~~~~~
/ 5 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Vt.. O~ 11L 14 ~iEPOkT n...(5I (Any ath. , num6.tI that ~~, 6. a..S ,.d
this t.g.wf)

10. OI$TRI~~UTION STAT EM ENT

j ~ A pproved for public release , distribut ion unlimi ted

It .  SUPPL EMENTARY NOTES IA.  SPONSORING , A I L I T A R Y  A C T I V I T Y
W Office of Naval R esearchr Department of the Navy

Arlington. Virg inia 22217
I I .  A C I T R A C T

Stratospheric humidity profiles were obtained with 0heated~ A1’~O~ ’type
~I. I water vapor sensors whose temperature during flight was maintained constant. Addi-

:~ t ional profile s were obtained with newer , integrated circuit type Aquamax~~~ sensors.
The ~heated~ sensor provided frost point data which generally increased with strato-
spheric altitu de , in agreement with most earlier unheated sensor data . It is con-
cluded that this type of humidity profile cannot result from ambient temperature effeci
upon the sensor. 4 Heated~ sensor flight requirements resulted in excessively rapid
descent rate s and are thus incompatible with conve ntional radiosonde deployment.
Aquamax sensors , which exhibit at least an order of magnitude more rap id res ponse
time in laboratory tes t sys tems , were flown unheated and data were corrected for
ambient temperature. Some resultant profile data obtaine d during a much slower
desce nt were almost identical with the Ihea ted~ sensor data , providing additional cvi-
dence tha t the A12O~ type sensor has an adequately rap id response time for balloon
flights. Othe r Aquamax sensor profile data indicated a constant mixing ratio strato-
sphere which is unusual but has been observed earlier for A](~O3

lsensor data. Data
;
‘
~ 

indicate that stratospheric profile s are variable and may be relate d to stratospheric
circ ulatory patterns.  Aquamax sensors , when de veloped in a heated version , shoul d
provide a means for convenient deploym ent with conventional radiosondes.
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0 INTRODUCTION

The A1203 water vapor sensor has been utilized for numerous
meteorological applications, (see refs. 1-5). Most stratospheric humidity-

altitude profile data obta ined with such sensors tend to generally parallel
the stratospheric tem perature profile despite numerous instances of local

segments of the profile for which the frost point and temperature move

in opposite directions . Nevertheless criticisms ha ve arisen that the

parallelism results from temperature effects upon the sensor rather than from

real changes in H 0 vapor concentration. To negate such criticisms, ap 2
method of maintaining sensor temperature constant, termed a Ilheatedtl

sensor , was devised. Thi s report presentá experience and data obtaine4
with such heated sensor balloon flights.

Numerous obstacles and difficultie s, to be discussed below , were

enco untered. Neve r theless much information regarding the behaviours of

the wate r vapor detection system was obta ined as well as restrictions as to
L

usage. At present Panamnetrics has developed a new water vapor sensor,

termed the Aquamax TM , which promises to obviate all the problems hitherto

encountered and which represent s at least an or4er of magnitude improvement

in performance.

II. TECHNICAL DISCUSSION

1. Sensor Construction

The construction of the Al 0 sensor has evolved as methods of
1J 2 3

improving performance characteristics were developed. Howe ver , im-

provements could not generally be achieved without some sacrifice In other

performance beha viours. All A 1203 wate r vapor sensor used were of the

r uggedized type (T ype A) which may exhibit some dependence upon strato-.~l. spheric temperatures. Whether this is indeed the case , a mounting surface,

de picted schematically in Fig. 1, was designed which would maintain sensor

temperature constant at + 25 °C. For some flights , two sensors were installed

on the same heated mount .

______ _______ -~~~ 4 sA~ ___________
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Fig. 1. Schematic d rawing  of heated sensor and its mount.
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Another vari ant of this rugg edized se n sor (T ype B) was also employed

in this program. Type B sensors display more rapid response time s in

laboratory test systems. Howeve r , under conditions of meteorolog ical

flight T ype A sensor has been shown to exhibit adequately rapid response

times (see Ref .  6).

Sensors were calibrated at room temperature in a flowing gas

stream whose dew/ frost  point was measured by a cooled-mirror type

hygrometer. Sensors were also calibrated , particularl y at low frost

points , in a speciall y constructed cell which could be evacuated and sealed.

Distilled water was added to the ceU prior to evacuation and the entire

cell was immersed in a liquid ba th capable of being cooled to -115°C.

Provision was made for electrical connections to the sensor , hea ter , and

to temperature control and readou t thermistors.  During calibration ,

heater power was supplied throug h a temperature control circuit, identical

(,J with that utilized dur ing flig ht (see below), which maintained the sensor
0

mount  at 25 ± 0. 5 C. Cal ibrat ions were conducted by assur ing  equi-

libration of the sensor impedance reading with the water vapor environ-

ment. Under these conditions the water vapor pressure inside the sealed

cell was e stablished by the bath temperature and thus provided a frost

point calibration datum. Such calibration data could be obtained at frost

.13 points as low as -90 to -95°C and were extended up to approximately 0°C

in order to verify tha t they coincided with previous calibrations conducted

at room temperature in a flowing stream .

2. Balloon Flight Ci rcu i t ry .

Standard Viz Corp. Model 1292-401 radiosondes were utilized

and were modified b y the addition of

a) Sensor readout circuitry

b) Sensor mount temperature control c i rcui t ry

0
3

4 
- 
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c) 12 VDC, 4.5AH battery supply

d) 25 ft cable at the end of which the sensor was suspended

e) Circuitry for readout of one or two sensors.

Sensor readout c i rcui t ry  was of the pulse repetition frequency type

which has been used b y Panametrics for a number of years for radiosonde

flights. Schematics for the temperature control circuitr y and battery

supply are shown in A ppendix A. Also shown in Appendix A is a schematic

of the circuit used to permit readout of two sensors. This circuit switched I

— the signal b eing monitored on each space between segments of the baro-

switch 4 secs. after initial con tact to each . space of the baroswitch was

made. Either an ambient temperature  sensor or one of the two hygrometers

installed could be observed during the initial 4 secs. The other hygrometer

was monitored on the segment itself.

Because these additions to the radiosonde, particularly the battery

suppl y, increased the payload we ight to approximately 9-10 lbs, excessively

rapid descent rates were encountered. Various methods of decreasing the

descent rate were attempted. These included speciall y purchased parachute s,

othe r parachute s obtained from ONR , and a descent valve described by

Mastenbrook (Ref .  7). The circuit used to activate this valve is also given

in Appendix A .

3. Flight Configurations.

The payload consisted of a Viz Model 1292-40 1 radiosonde , modified

with the circuitry discussed above. The 12VDC power supply was strapped

atop the radiosonde . A 25 foot cable , at the end of which the sensor was

attached , was suspended below the radiosonde. The entire payload was sus-

pended appr oximately 100 ft below the parachute and/or balloon.

Because the unmodified Viz radiosonde has a weight of 2-3 lbs whereas

the pay load was 9- 10 lbs , a special balloon , Kaysam Corp. Model 1ZOD ,

1600 gm, was used. Experience showed that this balloon had adequate lift(
~J capability and pressure-al t i tudes in excess of 20 mb were consistently achieved.

4
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— The major problem encountered during this program was the

excessively rapid descent rate already mentioned. Descent humidity

data are requ i red  to obtain sensor readings uncontaminated by H2O vapor

present in the balloon wake . Several attempts were made to solve this

problem. These included use of two and/ or  three paper parachutes,

both in series and parallel , the afore-mentioned valve described by

• 
Mastenbrook (7) ,  a parachute purchased from Strong Enterprises, Quincy,

- 
-

. 

Mass,  and ny lon parachute s obtaine d cour tesy  of the ONR Field Office ,

• 

- Minneapolis , Minn. None successful ly  solve d the rapid descent problem.

Although th is  problem could undoubtedl y be solved by more sophisticated

ballooning t echnique s , the normal operating procedures  of the Portland,

Maine Weather Bureau launch facility, from which all fli ghts were con-

du cted , were alread y being stretched well be yond their  normal limits.

-
• 

- Most recent flig hts with the new Aquamax sensor , to be discussed below ,

( I 
have rendered these descent rate problems obsolete .

-

~~ 4. Flig ht Resu l t s .

Initial flig hts were conducted principally to determine the adequacy

of the heate r power supply and the temperature control circuitry.  It was
- 

- 
• - found that the average battery power required was 6. 3 W at 11 V which in-

cluded dissipation losses in the control circuitr y and the 25 foot cable.

The entire fl i ght required about 1. 2 ampere-hours which was adequate to

control the sensor mount temperature at 25 ± 3°C.
Subsequent flights general ly suffered from the rapid descent rate

problem, which had two-fold consequences. The f i r s t , and generally over-

riding consequence , was that the baroswitch contact moved so rapidl y from

one position to another that the dwell-time at each position was insufficient

to obtain an accurate f r e q u e n c y  read ing .  Secondl y, insufficient  time might

not have been available for sensor equilibration with the ambient even if

0~ 5 
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accura te  st~nsor readings  could be obta ined. Other problems encountered

h R  lu i led  ~t oso r I . L i h l r e , p a r t i  u l a r l y with T ype II sensor ’;, e lec t ronic

iIi.i ~ I& in t : L ican , ~ini l~i.ti itcii lai lure .

Fli g hts conducte d are listed iii Table I along ~ith note s regarding
the ( )u tc on .e . As is noted in the table , onl y th ree  fl i gh ts  provided useable

(Ir s~~e ot dat a , 1w’, oh w hi t l ~ i iivol ved t h e  iie w Aquainax sensor , flown unheated.

Table 1.

Heated Sensor Balloon Flights Conducted

Date Type Comment

10/30/74 f l i g h t  to determine tempera ture  electronic failure
control and heater power adequacy.

10/30/ 74 fli ght to determine temperature successful
control and heater power adequacy.

4/ 10 /75  s ing le sensor (T ype B). sensor failure

( )  4/ 10/75 single sensor (Type B). sensor failure

7/ 10/75 single sensor (T ype A). launch failure

7/ 10/ 75  sing le sensor (T ype A).  successful  (see Fig. 2)
10/ 1/75 single sensor (T ype B). descent rate too rapid

10/1/75 dual sensor (Type A). descent rate too rapid

3-4/ 76  dual sensor (one Aquamax type) numerous sensor failures
during calibration-flights
abandoned.

5/ 25/ 76 sing le Aq uamax sensor ( unheated) successful (see Fig. 3)

5/ 2 5/ 7 6  sing le Aquamax sensor ( unheated) sensor failure

6/9 /76  sing le Aquamax sensor ( unheated) successful (see Fig. 4)

6/ 9 / 7 6  single Aquamaz sensor ( unheated) sensor fa ilure

Q 6

L -

______ ________ -~~~~



F/~’O!T ~
A
~~~/.v ~

- n~Al p~rAA TCIA’ff

10

Fi g. 2. Fl i ght R e s u l t s  - Heated Sensor - Ju l y 10 , 1975,
N

4.-h

‘I..

- - -70 -.~0 - 30 /0 0 ,1~~

/ ‘o14’T °C

tIiilI~(. ~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~

,..— 
~~

-
~~

-—-—— 
~ ~~~~~ ~~~J& ~~~~~ —



r ~ 1 

—

~~

- - . .— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.—., -- -~7-~ .-—--— —~-—.---.” -— - - ~~~~
- -- --

~

/0

r- I

~ ESCI-4’7 AS~~,t’7
u / ~t2/J ~/ T

/  ~>

K

Lu

¼~i Fi g. 3. Fli g ht R e s u l t s  - Aquamax Sensor - Unheated , May 26 , 1976 .

6.,)

I
- _ l _ _ . _ _ . _ _ _ . - ~~~~~~~~~~~~~~ 

_______________-

~

I 

I/O / 0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_________ Ik ~~~~~~~~~~~~~~~~ . 
.

— • . • a- -a. .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — — -..•tJ-1- — - ~e—~ • ~ . .. .a-
~~~



- 
--. --— - - -

~ -~ —~~~~ -~~- -- ~~~-~--r ~
’_ __ ’

~ ~~~~~~~~~~ 
— -

~~
—.-- - ,.-. — ---. — 5 -  ~~~~~~~~~~~~~~~~~~~ -,-. -~~~~. --“-~—•—-.---- .

I0

(3

- 
f J F ’~~f A Y J  - ~~~~ °()~‘A17

“4c)ST 1t01,v ;’ / j 7Z?4PE’?A TLII,’E

- 
- -

, 1: A~~~

~~~ 
. I /
S I

/

- 
Fig. 4. Fli ght Resu l t s  - Aquamax Sensor -

- 

Unheated , June 9, 1976 .
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U The umidi ty  profile obtaine d in the flig ht of July 10, 1975 is

shown in Fi g 2. Desce nt f ros t  point data show patterns similar to

most  prev ioL s fli ght resu l t s  obtained with unheated sensors.  The am-

bient t ernp er :Lturc is parallel  to the frost  point data to the exte nt that

both show decreas ing  va l ue s upon descent to the tropopause. However ,

the rate of decrease is much less for the frost  point data. Small-scale

s t ruc ture  is observed d u r i n g  descent which , in several cases , was op-

posite in d i rec t ion  to tha t  of the ambient temperature  fluctuations. Much

s t ruc tu re  was observed in the mid -tropopause region indicating rapid

- 
- 

response times at the frost  points encountered.

Selected valu e~I of mixing ratios are shown in Table 2 below:

Table 2.

- 
• 

. 

Altitude , mb Frost Point 
_____

10. 3 -77 52

15. 3 79 27

29 80 12

33 80 10

100 85 1. 5

180 86 0. 7

If the maximum stratospher ic  mixing ratio (MR ) is take n as 10 , it

is seen that descent to about 30 mb was required before sufficient sensor

dry ing occurs  to g ive a permissable value. Time for descent from balloon
.d

bur st  to 30 mb was 2. 3 mm . The tropopause MR appears to be lower than

most accepted value s but not unreasonably so. Some IR data ha ve given
•1
• t ropopause MR ’ s as low as this. Moreove r , if the MR at the tropopause

were 1 ppm , the f ros t  point would have been -84°, well within the esti-

mated eri~or. Howeve r , the estimated er ror  would not have permitted an

C) 
80°C fros t  po int which  would correspond to 2 ppm .

10 
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- In the fall of 1’)75, it became evident that a more sophisticated

-~ balloon launching system would be required if acceptably low descent

- - rate s were to be achieved. However , simultaneously the new Aquamax
- sensor became availa ble and was being characterized as exhibiting

much more rapid resi-onse time s in laboratory test systems than bad
been observed with any previous Al

2
03-type sensor. ror purposes of

- stratospheric moisture detection, this new Aquamax sensor offerred

many advantages , including a much smaller size. It was therefore de-

cided to attempt to make an intercomparison flight using both an older-

type Al 203 sensor and a newer Aquamax type , both positioned on the

in i iio u n t .  N i i i  i i~~ rot is  aL ie n  ip t s  to ca l ib rat e  su ch  a dual sensor  in the
- % l a bor a t o r y  r e s u l t e d  ii i  Aciuaiuax sensor fa i lu re  in a l l  cases.  It was con-

cluded that the heated sensor mount  previo usl y utilized was incompatible
- 

- 

~- with the Aquamax sensor and attempts at an intercomparison flight were

-~ 
abandoned.

‘— The fli ghts of 5/25/ 76  and 6/ 9 / 7 6 , the resul ts  of which are shown

In Figs. 3 and 4, were therefore flown to ascertain whether the excellent

performance demonstrated in laboratory tests would be exhibited i~ flight

4: as well . Since sensors could not be placed on heated mounts, a conven-
- tional radiosonde was flown modified only by the inclusion of a sensor

impedance measurement circuit.  Relatively slow descent rate s resulte4,

making data retrieval much simpler. Because the Aquamax sensor exhibits

a dependence upon ambient temperature, the sensors were calibrated not

only at room temperature but also at ambient temperatures in the range

-40 to -60°C. Room temperature calibration data were then corrected

for the ambient temperature.

The flig ht results  shown in Fig. 3 are unusual in that descent data

do not follow the temperature  t rend.  In fact , as a f i rs t  approximation,

~ l
1 

11 
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the frost point is substantiall y invariant from about 20 to 120 mb. Closer

examination shows that , fr om 40 to 120 mbs , the data indicate an approxi-
mately constant MR of 2 ppm

~~
. Ascent data for pressure-altitudes below

350 rubs were  uncorrected (or ambient temperature. Hence , the discon-

tinuity in the ascent frost-point data .

The flight results shown In Fig. 4 more closely resemble most

flight results  previousl y obtaine4 with Al203 type sensors in that the frost

point increases with altitude in the stratosphere. The data indicate a MR

of about 10 at 40 mb and about 0. 9 ppm at the tropopause located

at 180 mbs. Such results provided by an unheated Aquamax sensor are

very close to those obtained with the heated A1203 Type A sensor shown

in Fig. 1. These data are , however , unusual in one respect in that the

ascent and descent f rost  po int s are almost identical. This may ha ve

resulted from the comparativel y cold tropopause temperature encountered

on this flight.

Flight results shown in Fig. 3 and 4 should be regarded as pre .

liminary data indicating the pote ntial of the Aquamax sensor , Calibration

and data reduc tion should be much simplified when a controlle d temperature

version of the Aquamax sensor become s available (currently being develope d

-

‘ b y Panametrics with internal funding). Because of the small sensor size

and integral heater construction, power requirements should be much re-

duced. Calculations indicate a maximum power requirement of about

0. 7 watts for the sensor heater and less than 0. 9 watts for the entire heater

control system. This correspond s to a reduction in power requirement by

at least a fa ctor of 7 with a consequent reduction in battery weight.

-
~~~~ . 

The Aquamax sensor has markedl y Improve d t ime-response cha r-

acterist ics which are demonstrable in a laboratory test system at atmospher-

ic pressure . Earlier sensors , al tho ugh quite rapid in fli ght , exhibited

0 -
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comparatively slovi response at low frost points (FP) in the laboratory. It

has been possible 10 measure and anal ytically examine Aquamax sensor

readin g vs time data for step change s in both directions in the F? region

from -60 to -80°C. Step changes in F? of only 5°C or less in all portions

of this region have been examined as well as changes ove r the entire range .

Although the response characteristics are not simple expone nt ial., in part

r because of wall adsorption and desorpt ion effect. , some of the .. .li.cts

appear to be analytically separable . This type of analysis give s response
times of 10-25 secs for decreasing water vapor pressures and 30-40 secs

for incre asing water vapor pressure 
~~~~~ 

It is to be noted that the longer

time constant for increasing P may be misleading. For the unrealistically

large change  in FT~ from -80 to 60°C, the sensor achieve s a final reading,

w i t h i n  i ts  cc  u or ba iu l , i i i  a s ii tg Ic I izuc cons t ant .  Tize su r esponse data are

It) be CL)tllpa t~ ~~ it > I U1>t ~ eo i i st a  ut s for the older A 1203 sCI~s4J r on t h e  order

of 10 -20 mins in s imilar laboratory systems (see also Ref.  7).(J
It is to be itoted in Table 1 that onl y half the fli ghts la unched with

the Aquamax sensor provided fli ght data. It was subsequentl y found that

the circuitr y used impressed too large a voltage across the Aquamax sensor ,

ca using numerous sensors to fail even in the laboratory. Modification

of the circuitry has corrected this problem. Aquamax sensor fa ilure

during fli ght does not appear therefore to be an inherent sensor problem

but rather was a circuitry compatability problem. In retrospe ct , it is

possible that the circuitry caused the sensor failures encountered in the

fli ghts of 4/ 10/ 75 and in the repeated failure of Aquamax sensors durin g

lab calibrations cond ucted in March ar~d A pril , 1976.

0 13
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5. Discussion

The fli ght results shown in Fig. 2 are notable in view of numerous

criticisms of earlie r Al203 humidity profile descent data . Most data ob-
tam ed from the Por tland , ME launch site had the general characteristics

shown in both Fi gs. 2 and Figs. 4. These characteristics are a) a minimum

F? in the vicinity of the tropopause and b) FP (and MB) increasing with

altitude into the stratosphere. The criticism most frequently stated was
that, since the ambient temperature also increased with altitude , the in-

creasing FP resulted from an unacknowledged dependence of sensor output

upon ambient temperature . This criticism arose because the humidity

profile measured b y the Al 203 was not in accord with the stratospheric

moisture profile model postulated by Brewer (8) nor with the general

characteristics of Mastenbrook’s (9) flight results, obtained with a cooled-

mirror type hygrometer , which were stated to be in agreement with the

Brewer model.

This criticism cannot apply to the flight results of Fig. 2 since the

heated sensor is at substantially constant temperature during the entire

stratospheric descent. In spite of the constant sensor temperature, the

minimum F? is observed at the tropopause and hi gher F?’ s are measured

4 at higher altitudes. This results in a stratospheric humidity profile having

4 the cha racteristics previou sly cr iticall y attributed to a sensor temperature

dependency but, for this fli ght , the sensor was at constant temperature.

The flight results show n in Fig. 4 likewise have the same charac-
teristics. In this case , the Aquamax sensor has an acknowledged tern-

~
. 

~. perature dependence and corrections for this dependence were applied.

Yet the same type of humidity profile was obtained. Once again, it is not

possible to reconcile the criticism with the results obtained be cause com-

pensation was made for temperature effects. The data of Fig. 3 provide, of

course , furthe r evidence that flight results do not derive from temperature

effects since, for this flight, the humidity data do not parallel the temperature.

This flight will be discussed further below.

0 14
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Another criticism (10) of earlier Al 0 flight data has been that

response time of the sensor was slow. We have contended (6) that , under

conditions of meteorological flight, response time was adequately rapid.

This contention is supported by comparison of the flight results of Figs. 2

and 4 which are remarkably similar. Yet the average descent rate in

the stratosphere for the flight of Fig. 2 was 7. 6 KIt/mm whereas that for

the fli ght of Fig. 4 was 2. 1 Kft/min. Moreover , because the Aquamax

sensor exhibits so much more rapid response time s in the laboratory

(see above), it would be expected to accentuate any effects attributable

to slow response time of the Al 203-T ype A sensor. The fact that the

flig ht profiles are so similar desp ite a difference of more than a factor

of 3 in descent rate strong ly supports earlier contentions that response

times of all sensors are adequatel y rapid for balloon flights.

The flig ht in Fig. 3 is unu sua l in that humidity data show an ap-

proximately constant MR. It is not , however , unique because such
‘
~~ humidity profile s have been observe d before. One example obtained with

A 1 i
an unheated Al

203-Type A sensor , is given in Fig. 5 for which an ap-

proximately constant MR of about 1 ppm was measured in the range

fr om 40 to 300 mbs. In this latter flight, the humidity data did approxi-

matel y parallel the ambient temperature data so that these fli ght results

did not provide evidence with regard to the absence of a temperature

influence upon flig ht results. The data of Figs. 3 and 5 do , however ,

provide evidence that stratospheric humidity profile s are variable , not

onl y wi th  respect  to absolute level, but , more importantly, with respect

-; to the shape of the profile itself . It is interesting to note that such con-

sta nt MR humidity profiles have been observed from the Por tland , ME

launch site onl y in the spring and fall of the year (flights are not con-

ducted from about Dec. throug h March because strong wind s aloft carry

the radiosonde be yond the capability of the GMD receive r to obtain descent
data .
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The occurrence of these unusual  stratospheric humidity profiles
may coincide with the relative location of the launch site with respect to
the winter polar jet stream. This suggestion is based upon comparison of
some recent aircraft flight data obtained at approximate tropopause altitudes
and published by Mastenbrook ( 1 1) and by Kuhn , Magaziner and Stearns (12) .
Both papers present P data taken aboard the NASA C-14l Kuiper Airbornew
Observatory during wintertime fli ghts (no t simultaneous) . The data reported
are indexed with respect to the location of the observation relative to the

position of the polar jet stream. The data diffe r in one important respect.
Those obta ined by Mastenbrook represent the in-si tu P at aircraft  flight
altitude wherea s those reported b y Kuhn etal represent the total integrated

above the aircraft fli ght altitude , te rmed the H20 vapor burden. It is
di f f icu l t to make direc t comparisons be cause the data were not obtained

p simultaneously on the same flights , and because the Mastenbrook data are
referenced to a geo graphical position whereas the Kuhn etal  results are(3 repor ted in a orthogonalized coordinate system whose axes and origin are

determined by the je t str eam direction and b y the jet maximum. Ne vertheless,
it appears that the greatest H

2
0 vapor burden observed by Kuhn etal is on

• the cyclonic (northern) side of the jet stream and , in particular , slightly
in advance (to the east) of the jet  maximum. An extensive dry  area is

shown on the anticyclonic (southern) side of the jet axis although another

wet reg ion is shown still further south and west of the jet maximum.

Mastenbrook identifies only the geograp hical location of the jet stream and

reports, for numerous traversals of the tropopause discontinuity, that the

in-situ P increased from about 2 ppm on the cycloni.c side of the jet
stream to values ranging from about 7-20 ppm on the anticyclonic side.

Kuh n etal note these results reported by Mastenbrook and presumably
identify their reported wet region , about 7-8° in la t itu de and long itude
south and west of the jet maximum, with Mastenbrook’ s increase upon

17 
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traversal of the tropopause discont inui ty .  Kuhn etal do not , however ,

- -~~ I comment upon the absense of any wet i n - s i t u  data on the cyclonic ,

nor any dry  in - s i t u P data upon the ant icyclonic , side of the jet stream

~ucIi as they  observed for  the lI
~
O vapor burden.

Assu ming both sets of data to be correct and representative of

atmospheric  H2
0 vapor concentrat ions in the nei ghborhood of a winter

po lar  je t , an apparent  d i sc repancy  exist s  because a hi gh value of I-I
SO

vapo r bu rd en  r cp r c s e t i t s  a h i g h va lue  01 i n —  s i tu  M R .  The l1~ O vapor

b u r d e n  repor te d b y Kuhn et a l  is  de t e r i z i l u e d  by an iterative computer

calculation that matche s the observed in f ra red  irradianc e with a cat-

culated irradiance. The latte r, in addition to consideration of instru-

mental parameters and pressure dependent effects , assumes that the wate r

vapor profile in the column above the a i r c r a f t  is of the form , given by

Sm i t h  (13),

(5) MR = MR (P/P )~’

where P is the atmospheric pressure , the subscript refers to the flight

a l t i tude  and X is a constant. Kuhn etal take X = 0. 3. This choice represents

the 1-1
2
0 vapor MR as decreas ing  with al t i tude (for a constant MR , X = 0

and X is negative for an increasing MR).  The iterative calculation involve s

adjust ing MR until the observed and calculated i r radiances  agree within
-
) 

0

predetermined limits.

One possible way to reconcile the discrepancy is to assume that

e ither ~. � 0. 3 or that the Smith power law is inoperative in certain

situation’z. These assumpt ions would permit the stratospheric H
2
0 vapor

profile to show either a constant or an increasing MR with altitude . Kuhn

etal  do discuss possible divergence and conver gence alof t in ad vance of ,

and to the rear of, the jet maximum but do not make any adjustment to

their calculational procedures because of the se effects.

18
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Simplistic ana lysis would sugge st that a MR actually increasing

- with altitude would r e su l t  in a calculated F120 vapor burden which is

apparently hi gh. On the other hand , to reconcile Mastenbrook’ s hig h
on the troposp heric side of the jet  stream discont inui ty  with Kuhn

et a l ’ s low 11
20 vapor burden  data would seem to requi re  an actual H

20

vapo r profile for which X > 0. 3. Kuhn and Stearns (14) did use X = 3

for tropospheric measurements which indicate s that the latte r suggestion
- - is , at  least , te nable . h oweve r , Kuhn  and Cox (15) earl ier  investi gated

the possib i l ity  of ~ < 0 and conclud ed that , for irradiance data obtai ned

• at p re ss u re  a l t i t u d es  of 50 mbs or hi gher , satisfactory agreement between

observed and calculated i r r ad iancc  va lues  could not be achieved for

I rea~ ozma ble values  of MR if ~ was negative. To determine whethe r this
) 0 -

c onc lu s ion  is equall y valid for the a i r c r a f t  fl ig ht a l t i tude  of 175-200 mbs
p 

woul d  r equ i re  access to both the raw data and the computer program
-- 

— utilized.
(5—)

Nevertheless, the apparent discrepancie s noted between the

- observations reporte d b y Ku hn et al and by Mastenbrook in the vicinity

of the j et  stream does point towards a possible alteration in the strato-

- 
spheric H

~O vapor profile in the vicinity of the jet stream. Thus the
- 

unusua l  character of the prof iles  shown in Figs. 3 and 5 , ob tained in
I fall and spring when the jet  stream aloft may be in the vicinity of the

r~ latitude of the Portland , ME launch site , may be related to real change s

in stratospheric  H
2
0 vapor profiles induced by winter c i rcula tory  patterns

at this location.

6. Summary of Balloon Flight Re sults.

It has been shown that the heated, A1
2
0
3 

sensor can measure

stratospheric level frost points but that the power requirements increase

the pay load weig ht su ff icien t ly such that a more sophistica ted ballooning

(:)
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- system is required than is customaril y employed at Weather Bureau stations.

Such a system would restrict possible launch locations and would make

rocke t deployment much more diff icul t .

The development of the new Aquamax sensor , with its smaller size ,

much faster response time , greate r sensor uniformity and stability, and

grea t l y reduced  heate r power r equ i remen t s  should obviate many of the

~r ol ,l~~~m s & ‘ncoun t er cd  in lb i t-i p r ogr an~. This sensor should be suspendable
- from a s tandard  radiosondc and launch ab ic  from almost  any conventiona l

launch s i tu . When  developed , it will  be able to maintain  its temperature

- i constant  at any des i red leve l , it should also be possible to includ e the
- 

-~~~ sensor  impedance  m e a s u r i n g  c i r c u i t r y  on the same Aquamax chip, thus
e l imina t i ng  cable capacitance f rom the total impedance measurement  and ,

- 1 hence , improving accuracy .  St i ll  another  addit ional  advantage is that , if

-

‘ 

-~~~ des i red , an ambient  t empera ture  measurement  can be provided b y a similar

chip at the same location.

t ’hus the Aquaniax sensor  should  make attainable the goal of con-

duct ing  semi-synoptic measurements  of both tropospher ic  and stratospheric

hu m id i ty  p ro f i l c~ wi th  co f l i p ar at ivu l y easy  to launch and relativel y inexpensive

equi pment. Rocke t deployment , because of reduced  space and power require-

~i f ments as well as more rap id response times , should pose many fewer prob-

4 lems. Finally as perta ins to meteorolog ical usag e, the Aquamax sensor

should provide improved a i rc ra f t  performance because its response time ,

size , power requirements, etc. should provide more reliable data as well

as permitting much greate r flexibility with regard to installation.
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