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Abstract

-- A remotely piloted vehicle (RPV), designated as the Maneuverable

Atmospheric Probe (MAP), was instrumented for characterizing and

mapping of the optical scattering properties of the atmosphere. This

was accomplished by incorporating on the MAP a light and compact, foward--

scattering nephelometer for performing insitu measurements of the total

scattering coefficients from approximately .03 kni to 309 ,

corresponding to visibilities of 100 km and 10 m, respectively. The

MIP is also instrumented to perform atmospheric measurements of pressure,

temperature, relative humidity, temperature and optical structure functions

(Cr2, Cn
2) and particulate sampling. Based on theoretical as well as

actual flight tests, it is concluded that the MAP may be--lized-to

completely characterize the optical scattering and refracting properties

of the atmosphere resulting from its aerosol, turbulent, and temperature

structure.
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I. Introduction

This final report suminarizes the w ork accoplished froi Septei;;her 1980

through December 31, 1983, under U.S. Army Research Office. (ARC)) contract

I)AAG 29-SOK-0091, "Characterization of Atmospheric Conditions along 'Trani-

mission Paths from a Remotely Piloted Vehicle." 'h is ''fort was ailso

sponsored in part by the U.S. Army Atmospheric Sciences L.ahoratory, I',1 i te

Sands Mlissile Range (WSMll), NM.

The objective of this study was to determine the feasibility of instru-

menting ASL's MIaneuverable Atmosnheric Probe (MAl'), for characterizing and

mapping of the optical scattering properties of the atmosphere. In order to

accomplish this objective, a compact and lightwveight, fonvard scattering

nephelometer was adapted to the M)P for performing insitu measurements of

the total light scattering coefficients and visibility. In addition, the

nephelometer was calibrated and correlated with actual particular character-

istics captured with on board and ground based particulate imactors.

Based on laboratory and actual flight tests, it is coIcI Udetd that on

board MAP measurements with the nephelometer provide a viable means of

measuring and mapping of light scattering and visibility of the atmosphere.

Since the NP is also instrunented to perform insitu measurements of the

temperature and optical transfer function (CF and Cn 2) as w,'ell as other

meteorological parameters the MAP may be utilized for niappinp the meteoro-

logical and atmospheric optical properties of scattering and turbulence as

a function of altitude or along a designated path.

The following is a list of publications and techiiical reports resulting

from this contract:
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1. Ballard, 11. N., McDonald, C and Ni. Izquierdo, "Remotely Piloted Vehicle

Measurements of Meteorological Parameters at Wh ite Sands Missile Range',

1981 Fall Meeting, American Geophysical Union, Deccmer, 1981.

2. Ballard, H. N. , Izquierdo, M., McDonald, C., Rubio, R. and M. L. Hill,

"Tie Maneuverable Atmospheric Probe (MAP), A Remotely Piloted Vehicle",

Atmospheric Sciences Laboratory, TR-0110, W'hite Sands Missile Range, NI.

May, 1982.

3. Ballard, H. N., Izquierdo M, and McDonald, C. "The MWIaeVrable Atmospheric

Probe (MAP), A Remotely Piloted Vehicle", Schellenger Research laboratories

Interium Report 1Rl-81-WS-113, The University of Texas at 1:1 Paso,

August, 1982.

4. Dominguez, D., et al. "Time Constant Measurements for Coil Wires", Schellenger

Research Laboratories, Special Report, SPI-82-AR-134,

The University of Texas at El Paso, TX. Novedmer, 1982. (Maister's

Thesis).

5. Quintana, F. et al. "A Low Power Microprocessor Controlled Data Acquisition

System for Airborne Applications", Schellenger Research Laboratories

SP-82-AR-135, The University of Texas at El Paso, November, 1982. (Master's

Thesis).

6. Gonzalez, R., et al., "Feasibility Studies of Electromagnetic Induction

of the Geomagnetic Field for Determining Ground Speed", Electrical

Engineering Department, SP2-82-AR-135, The University of Texas at El Paso

June, 1983 (Master's Thesis).
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7. Tsang, S. A., et al., "A Microcomputer Based Data Acquisition System for

Real Time Display and Processing of Meteorological Data obtained from a

Remotely Piloted Vehicle", SP2-82-AR-135, 'llhe University of Texas at 1:1 Paso

Electrical Engineering Department, December 1983 (Master's Thesis).

8. Alvarado, C., et al., "Comparisons Between the 1550B and tie ILSS0RI1

Nephelometers", Electrical Engineering Department, SP]2-82-AR-1, lle

University of Texas at El Paso, November 1983.

9. McDonald, C., et al., "Remotely Piloted Vehicle Mappings of Visibility

and Desert Aerosols at ~lhite Sands Missile Range", 1983 Fall Meting

American Geophysical Union, San Francisco, December 1983.

10. Smith, J., et al., "Velocity Corrections C(F-CN 2 Measurements", 1983 Fall

Meeting, American Geophysical Union, San Francisco, D~ecember 1983.

11. Izquierdo, M. et al., "Instrumenting an Unmaned Aerial Vehicle (UAV) with

Meteorological and Aerodynamic Sensors", 1983 Fall Meeting, American

Geophysical Union, San Francisco, December 1983.
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Dr. Carlos McDonald, Co Principal Investigator

Mr. Miguel Izquierdo, Co Principal Investigator
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Mr. Rodolfo Velasquez, Graduate Assistant

Mr. Carlos Herrera, Technical Staff Assistant

Mr. Luis A. Yip, Technical Staff Assistant

Ms. Juana P. Mejia, Student Assitant

Mr. John R. Corbin, Student Assistant

3ll I I. . .. .. i r i .. ... - - .. I . . . . .....



Dr. Jack Smith, Co Investigator

Mr. Alvaro Galdos, Student Assistant

Mr. Ignacio lernandez, Student Assistant

Mr. Raul lernandez, Student Assistant

Mr. Jose A. lerrera, Student Assistant

Mr. Bobby Martinez, Student Assistant

Mr. Frederick J. McLean, Student Assistant

*Mr. Paul Gonzalez, Graduate Assistant

Mr. Francisco J. Tostado, Student Assistant

*N!r. Steve Tsang, Graduate Assistant

*Mr. Danny Dominguez, Graduate Assistant

A description of the work accomplished is incluCdCd in the following

sections. Section 2 describes the IMP instrumentation and telcnetr

system. Section 3 describes the experimental flights and results, and

Section 4 is devoted to conclusions and reconunendat ions.

* Earned Master's Degrees while working on contract projects.
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2. Thc Maneuverable Atmospheric Probe (NAP)

2.1 General Description

Linder previous contracts with ASL, The University of Texas at I') Paso's

Electrical Engineering )epartment instrumented an1 IWPV, desi glated as the

MAP, with meteorological sensors, particulate samplers, acrodynamic sensor ;

and ancillary electronics [ 1,2,31. With the incorporation ol a nephelomcter,

the MAP provides a safe and relatively inexpensive plat forn for performing

optical and meteorological measurements along designated paths or with

respect to altitude. In addition to light scattering nmeasurements and

particulate capture, the M1P is instrumented for measuring atmospheric

pressure, temperature, humidity, C 2 , Cn2 (tepq)erature and optical struc-

ture functions) yaw and pitch gust, and the earth's electric and magnetic

field. The WAP is also instrumented for measuring aerodynamic parwileters,

including air speed, angle of attack and engine rpm. L ith the on board

aerodynamic instrumentation (including a fluidic gyro and electrostatic

stabilizer)and radar tracking, determination of the horizontal wind component

is also possible.

A photograph of the MAP is shown in Fig. 2.1. The physical and aero-

dynamic characteristics of the MAP are sm-marized in Fig. 2.2 and Table 2.1.

A list of the current MAP sensors are included in Table 2.2. A complete

description of the MAP and sensor instrumentation is included in References [3,12,131.

2.2 MAP Nephelometer

The MAP nephelometer is a conunerical forward scatter visibility meter

(model VR101, KSS Inc., Bedford, Mass.). Its output voltage is proportional

to the total (volume) scattering coefficient derived from 0.88 urn light

15
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Span 10 ft
" - - Length B ft

- -Area 15 48 ft2

Fusieage diameter 9.0 in.
Pod diameter 6.0 in.

CC

0 6 12 1824

Engine trader Fuel -

-- ~~~~ ommand receiver

Power 3 axis Auto pilot, air data
supply fluidic gyro sensor electronics

Met. sensor electronics
and telemetry

Fig. 2.2. NIAP Vehicle and Major Conipoients.
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Gross Weight 80.0 Lbs.

Installed Power S.O S.II.P.
Vitl I Sea-Level (with Flaps) 32 M.P.".

Vstal l 1.000 Ft. (with Flaps) 40 M.P.H.

Vain, power Sea-Level 43 M.P.H.

Vmin, power 11.000 Feet 51.0 M.P.I.

VLD mx Sea-Level 55 M.P.II.

VL/D max 11.000 Feet 65 M.P.tl.

Vix Sea-Level 107 M.P.Ii.

Vm1x 11.000 Feet 104 M.P.H.

Rate of Climb Sea-Level 1,280 ft/min.

Rate of Climb 11.000 Feet 800 ft/nin
Practical Ceiling (R/C • 100 ft/min) 26.5 K ft.

Absolute Ceiling 29.5 K ft.

Min: Sink Speed (unpowered) Sea-Level 400 ft/min

Min: Sink Speed (11,000 ft.) 460 ft/min

Duration at Full Power (S.L.) w. 10% reserve 1.8 hrs.

Duration at Optimum Cruise S.L. 10% reserve 7.5 hrs.

Duration at Optimum Cruise 11.000 ft. 10% reserve 7.0 hrs.

Max. Total Range Sea Level 412 Miles

Max. Total Range 11,000 ft. 455 Miles

Table 2.1. Principle Characteristics of the MAP.

1.



Wing Span 10.0 Feet

Wing Area 14.58 Sq. Feet.

Aspect Ratio 6.86

Length 7.75 Feet

Fuselage Diameter 9.0 Inches

Pod Length 1.0 Feet to 3 Feet.

Pod Diameter 6.0 Inches

Engine Weight 7.0 Lbs.

Air Frame Weight 23.5 Lbs.

Control Equipment 6.0 Lbs.

Payload Weight 25.0 Lbs.

Fuel Weight (2 Hrs. at Max.
S.L. Power) 12.0 Lbs.

Table 2.1. Principle Characteristics of the XP (coCntinutld).
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1 . Nephel1oinet er (I ISS I 11, fo nva r I sc. it t er)

2. Air temperature (Gaulton 40 mil termistor).

3. Air Pressure (National Semiconductor 1702A).

4. Relative Iltunidity (Standard Weather Bure-Lau

Hygristor and capacitance type (Vaisala).

5. Temperature Structure LUnCt ionl (temp11. di fferIcIncC-

20 cm separation).

6. Temperature Structure Eunct ion (temp. di ffelVeuce-

2.8 m separation).

7. Particulates (0. 25-16 microns) (PIIXIE: 7-stage

Cascade impactor) .

S. Part icuLateS (.1 -100 microns) (II1 rutista-ie

impactor).

9. Electric Field Components (X, Y, Z).

10. Magnetic Field Components (X, Y) . (Mignetoineter).

11. Air Speed. (Pitot Tube).

12. Gust (Pitch &i Yaw).

13. Altitude. (Altimeter).

14. Engine RPM. (APL Tachometer).

15. Electrostatic Stabilizer

Table 2.2. Meteorological and Aerodynamic Sensors on the
Maneuverable Atmospheric Probe (MP).

10



scattered from a free volume of air, one cm5. Basically, it consists of

an infrared emitting diode (INl)), a photovoltaic detector, lens system,

housing and ancillary electronics. Modulated light from the IR!) is forward

scattered from a 1 cm3 free volmC of air mid is picked up 1y the detector.

The output voltage proportional of the signal is synchronously detected,

amplified, and corrected for the variation of IRIE intensity.

As verified theoretically and experimentally, the outpu1t voltage is

proportionalto the total scattering coefficient for a ,iven aerosol

distribution. However, the forward scattering is also dependent on the

index of refraction of the scattering particles [4]. In practice, this

effect was compensated by calibration in a given aerosol against a total

integrating nephelometer, such as the NRI 15501.

The IUSS VRIOI nephclometer is light (5 lbs.), canqxct, rugged, and

only requires four watts of power to operate (without dew windows). It

exhibited some electronic drift instability, but this has been corrected

by a circuit modification by the manufacturer. Fig. 2.3 shows a photograph

of the nephelometer and Table 2.3 summarizes the manufacturer's specifications.

For MAP application, tile instrument was MOtmlted inside 1111deimeath tile

wing (see Fig. 2.4). A logarithmic amplifier (see Fig. 2.5) was used to

couple the nephelometer output to an on board IlR1G telemetry channel.

Generally, the instniment operated satisfactorily in flight, independent of

mechanically vibration and aerodynamic effect,-.

2.3 MAP Telemtry

A pictorial diagram of the overall MAP telemetry and recording system

is shown in Fig. 2.6. The sensor data from the MAP (see Table 2.2) was

telemetered by an on board II/R IRIG telemetry system operating at 1520 NIL.

t
11
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HSS INC 1)e velpental 1

2AlfredC~,cle TECHNICAL DATA SHEET Model e
_____

Bedford. Ma. 01730 Sheel -2.n.f

(617) 275-2020 Date .Oct .1. 8

MODEL VI1101 VISIBILITY METER

PERFORMANCE CHJA RACTERIS''ICS

The performance characteristics stated below are based on a
time constant of 15 seconds for the electronic circuitry of the Vl101 and
the ability of the readout or recording system to (-over the full output
signal range (0 to 10 volts) of the VII101 with appropriate resolution.

Visual Range Coverage

Maximum (Very Light Ilazv) ............ ... 100 kilometers
Minimum (Very HIeavy Fog) ............ .10 meters

RMS Noise Voltage (At Output) ..... .............. 1 millivolt

Linear Dynamic Range ..... ................. ... 104 to I

Stability (Design Goals --- Untested):

Short Term Drift ..................... < I per cent
Long Term Drift .... ............... .... < 10 per cent/year

Source Characteristics:

Type ...... ...................... ... LED
Bandwidth .... ................... .... 0. 84 to 0. 92 pm
Lifetime ............. . . > 10 years

Servicing (Design Goals--Untested)

Mean Time for Replacement of Any Component.

(Continuous Operation) ............. Several Years

Calibration Check (Insert Reference Standard;
Note Heading) .......... Semi Annually

Clean Windows .... ................. ... Monthly

SPECIFICA TIGNS

Analog Output, proportional to the
scattering coefficient .......... 0 to 10 volts

Response Time ...... ................. 15 seconds

Size ...... ........................ 3. 5 "W x 4. 5"hix 14. 5"L

Weight ...... ...................... .4 lbs

Table 2.3. Manufacturer's Specifications of the Model V1k-101 Nephlotieter.

13



HSS, INC
2 Allied Cicle TECHNICAL DATA SHEET Model D~evelopmental~1

sedieed. Mo. 01730 
Shet3 of

(617) 275-2020 Date 50ct 1981

MODEL V11.1VISIB!LITY METER

SPECIFICATIONS (Cont)

Power Requirements:

(With No-Dew Windows). .. .. ....... 10 Watts

(Without No-Dew Windows). .. ... .... 4 Watts

Power Source .. .. ..... ........ 28 V DC

Environmental:

Temperature .. .. ..... ........... 35 cC to 50 1C

Attitude .. .. ..... .......... 0 to 10, 000 ft

IIWeather. .. ... ....... ....... All-Weather

NOTE (1):

information on this developmental model Instrument in Intended

for eviiltiatkon of the potential usefulness of the Inatrument in

applicationsl other then that for which the sponsor intended. The

optcUicatiofl5 are subject to change unless otherwise arranged. No

obligations are assumed (or notice of change. Information furnished

by IMs Inc is believed to be accurate andi retliable.

TIable 2. 3. Mnu~IfaCturer's Specifications of tile Mlodel UV- 101 Nephclomcer
(Conit.)

14



4

*43

1:
4,

.1

-. l.i~Af

)-

:3 pr. )t 1'1't j \t~ ~:ir~ I ] )4 jJ~

In



-LJ

z

H0 IL

00

0 -A d I

0 00 C) yD

(r 0
Z Z

(nO IL u 0 cl rn

C)\

z0

-j

N L

L4r- 7>- -

00

0>- HIIuL q Y A

U-J

N3c U- IzT7
< u I-

0 ~ 'tF-% ~~

00a

IY I



IID

%.00)

11 '1,17



Block diagramvis of the onl hoar-d telemletry system a iv siowji hii I i g. 2.7 uid

2.8.

Remote control of the NAP hy gr-ound-based pi lot tas accomlpl ished

by Kraft tranismitter/contriol ei, for r-adio cont to I planecs, wherec the RI:

-signal consists of a time mult iplexed , pulse wi dthI Si gun I correvsponlugll to

propor-tional controls for the ailerons, flaps, rudder anid thr-ottle for- the

engine rp)m control. The 49.953 AiIz RU Si tnI1 was de1(tcted and demodulated

by an1 Oil board Zuntetuta- receiving system for detect ion, dtmul t iplex ing and

generating the control signals For the servo sx'st emi flighit controls. Ii g

2.8 includes a block diai-ajn of the MAP's 49.93 ilz receiv\er anid control

Servo system. A similar sstm, transmitting at 49.6 Nil:, was also used

to control tile openi and closing of the 1Trl'P impjactor- stages.

As all flight tests were conduIcted at WSMR, the 1520 N111" , mlodulated

RI: signal was rece'ived and recorded hy WSMZ telemetry. Vor- hack-up a GIL

Van, instrumented by the Ulnivers ity, was used as tile Grotund Rceuivingi Stat ion.

The IM\P transmission was tracked by a manul ly1) oper~ated par-abolic aniteiua.

A block diagram of the Ground Receiving Station is shownT in F~ig. 2.9. The

received signal was demodulated and demultiplexed to recover- the analogj

or frequency modulated sensor signals. Thiose signals were then recorded

on a. 14 channel analog magnetic tape recorder, wherec oruchanniel was used

to record TRIG-B3 timing. In addition, thle analog, or frequency senisor si~-

nals and timing were digitized, multiplexed aind serially transmitted at

9600 hand (RS232) to an LJSl microcomputer for- digital recor-ding and display.

18
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3.0 Experimental Hlights

3.1 Background

During August 20- 31 , 1982, five NL*\P Nlights, were conducted at tile Uro,

Grande 'lest Site, WSMll. Based Oil ASL' S requi rements, the 1nurp1ose of these

flights Were to demou01st rate t IeI IXP s capaIb iIi ty ofr forIii -i I I t I~ w CI I o % in1g:

(1) Measurement of the optical scattering propecrt its of thle atmosphere

as a fuinction Of aIt Itu~de and a]01i ong deignatedI p1th)s it di fferelt

meteorological conditions,

2
(2) De'termine the time variability of light scattering anjd (:n aIl o

near suriface, horizontal paths.

(3) Measurement of other mritcoroloi ical parmeesft)peai V rssuJre

and liidi tv) as a fIUICt i~ o o aIt it ide and al1onig flii t tr-ajectories.

In order to accomplish the above oh ~ectives, the NLAP ias instrunented as

follows:

(a) The 1155 'RI foiiard scattering~ nepihelometer was ut ii zid to

measure thle light scattering coefficients and visibility p)roperties

of thle atmosphere as a fuinction altitude and along the f'lighlt tra-

jectories. As a calibration reference, the N116 1S5011 initergrating

nepheloineter was uised to monitor lighlt scatter-ing and vi s ibility on]

thle grolund.

(h)) Samples of desert particulates at various altitudeIs kCere cap~tured

with a PIXIE cascade and U11:PIs multistageipcosdrn he

of the five flights. These sampilers were later analyzed with a

scanning electron microscope (STY) to detenmine the particle con-

centrat ion and distribution. A seconid P IXI P was used I'or ro m

re feretice.



(c) C - was dcterined Froii the (. '- le latter ,. as c()ttlr itd fro

differential temperature rreasureuernts oil tih Icadinrig ed.2e of the

wing with wire telmperature sensor pairrs totit I ed 2(1 cm ard 2.S

meters apart, respectively.

(d) Meteorological parameters of air pressure, teuqicraturu, relative

hLmlidity, pitch and ymv tur)bul0e11c, and the carth's electric

and magnetic components were cont ilnuosly inca;sturcd throtuholt the

flights.

3.2 Suary of Flights

i n the first three flights of Aiiptit 24 ;itd 2), IP)82, 111c a il

worthiness of the AR P was verified armd ;a ituilbcr of rial ftrnrct ions r(l;ated to

the engine were corrected. In order n rot to cit:1ri:ce daiaz g oil th r' Iio(rte r,

it ias not aown, iut was s itmlated in weight arid ocatiu.

On AUgurs t 30 and 31, 19S2, the MAPI was flown with all the des i red

instrnonentation. This irltided inepheiornetCr, P1 Xlir arid Irlilil' narticlc

inpactors, different ial temperature sensors for measuring (>1., atmospiric

temperature, pres-re, hutnidity, and aerodyunic paraietcrs ,hich iicltuicd

air speed and engine rpm.

3.3 Meteorological Conditions

The two flights were planmed such that dUring .\uurst 3), 198 , the flight

trajectory took place in the vertical mixing layer, %,lii le the flip.hit of

Aiigust 31, 1982 took pl ace piriira ril ill a sti) Ie reg,.iort, al)Vc the \t lict

mixing layer. To accoriplish this, the Eligiht of August 3(, 1982 i:as pl;irmed

to take place around noon where solar heating had establ ished a vertical

temperature gradient, -dT/d > I.2 0 C/kin) to eStbhIisi vertical Miixin,. 01n

August 31, 1982 the flight took place at 08(0 )SI'" where a stabl]e atrnosphe.rc

23



still existed above ground, as reflcctud by the vcrticati tcmperaltire pra -

dient (-dT/dZ < 1.2 0C/NJ ). These couditions Weic ver ifi ied b' exami iIn'

the radiosonde temperature profile data obt; incd from )catrhv WSMP I thcatier

stations.

3.4 Flight Plan

Generally, the flight plan reqtuired not only to ol) I:ai) metco ( Ioric;a]

data as a function of altitude but to also spend as u1cl t i1e ;s ,uss ihble at

specific altitudes in order for the particiiiate samplcr to capttre a

sufficient ntumber of part iculates for rel iable ai, I s is. Based 011 al NSf.

request, the flight plan also included flying along a culstailt :lltittlde

trajectory approximately 100 feet above the ground surface for the irpse

7

of obtaining information on variability of CIn- and scatterimn, ;is nevasilrcd hv

the nephelometer.

3.S Flight Data

The experimental data obtained from the flights of AIl'uIlst -Y) tild -1 :irc

surrmarized in the following subsections. Emphas is has been placed on 4,,t i c i I

and meteorological parameters.

3.5.1 Atmospheric Temperature

Figs. 3.1 and 3.2 show the temperature and aItittde Is a fnuct ioll C

time for the August 30 and 31 M4P flights. Referring to the altitude

profile, it can be seen that the Au igust 31 fligiht vie]lded a Sine ,tS , her flit

path than that of August 30. On both of these days, the same pil ot fleU

plane and an electrostatic stabalizer was used to help stabalize the plane

in a horizontal trajectory. Therefore, the smoother El ight of Ai ltt 3

is attributed to the fact that the flight primarily occurred in a stable

atmosphere above the mixing layer as compared to the flight of Autgust 3nftli
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WhiCh occurred inl tile mixing I vr hcT110 to rCI:i tL-C (1r1, dat ' a o bth Ofths

fl ights corresponds w ithll i + 0.7L C Wit h tic rdi~I d a

3.5S. 2 Atmospheric Pressure

Tlie atmlosphecric prsueand corsodi HOi AIt itld nIaS ntI r

t ime are shown inllts 3.3 and -,.4 For the MMP t-l i ii s )f Atuist 1

and --)I, respect ive ly. Agiain, thle pres~sure aIS ai f(nct junI ()I :11t it ie

corresponds within t 2 Ali, with prsredta ld it~ied frlomIN ilie 'aa

rad josondes.

3. 5.3 RelatiVe ihUmlidity'

ReClatil-e h(Unti di t ZI as function Of- t ile I s l)ot ted [o01 t1w ..At i-s 13

31 flights in F ils Fo3 r comparison pn rposcs , a st andikd I.;1dio es JO

carbon hygorometer and a capa cit alice tv\pe ais were 1 Iok-n . A' SI w i. i

in Fig. 3.5, the capacitance type humid it senlsor demlotist rated a' ase

responseO bUt it .Xllihi t sZsat uat ionl, prla die to t i tickI etit td mt 'i

3.5.4 Part iculaes

Typ)ical1 SI;M phiotoiflicrogrjlis ol, part iculat satiimples ol i neitd dii11

thle fli ghts are showni in Fis -S-6, 3. 7 and 3. 8. Itesides samiples< Cro

thle ai rho rlice PI XIE and ULIT salp let's, a1 second NI'I I was :i I5o ued

ob)ta in near g~round samples. Tile particle di str*ibtiion for tw li'Youniid

P1 NTW is shown in Fig. 3.9. T[le two slopes of this (list r ibut ionl i di catce

abimodal1 distfrii uti Oil, p roba I (ILIO tO the cottib il ati ot 0 f deoItan

continental part i culates.

Due to the sho rt du ra t ioil o f th I E l i~lhts at a g iven alIt i t Iide , smi II

nituhers o f part i cti I a tes we r~e capl)t Li red , p roc Ii I ng s tat i s t i cal I reIi ablIe

estimnates of particle (list ribut ions. I lowevei', corlpil kou Of part i 1ateC

samplerof thle PIXNIE ;md 1,7ll' iipactor0 Wi tthe riW w euri in! icate

27



LLJ >-

wwi

(I.J 0 oz

0.4

w

LiJ

z 0 0 0
CD ko gv 0

Q0 OD~ qU 0

0

D~ LL.

IAr

CL

-D>

00

o2



w wW-I-

cr

W0.

W -

Oo  0 o o0 0o o "0 0 0 0 0 0 0 0 0 0

to N 04 - - OI t0 'I I I I ! l

LU >" c

- - -

LLI-

LIJl CC),

()

IA. --- =

5 >

o -

ILl r4-

U) U

0

> D

LU to
0 w?

F-LA

-e 0 0

09

to0

29Q



tAJ L&i

00 H 0

<a ijZ
0.-jh

(nFn

> OD

coJ

0(f

D <

-irr)

CL LO

C) A

0 P0)

o I U) M8

a.C IC
-w 4T wnInto t

/ c3o



114
II

hblsod P Nil. c:ascok demipactor dir ili" thle 'tIP fli i it o f

Augivt 50,19832



772

77-t

S. 7. SL'! photomiroi C ix o td, t ();1( ~; 11( 11I ot tho

F, ~~~ ~ ~ j 1 :If i *\wvt *(i J



. Vj.

4 k4

4,4

oil~ bo r Otil FL \ u r~i nt h1 1 1w lIt (),I Nlfigv 70

I3



-100

E

-10

0

F--J

7 : :7)

0

43



that tile flight impactors exhti bit (' a clit off on m10icr POI (11) to

non1-i sokinct ic flow.

.. 5.. Nophclou'otc r

T[he total scat terifnt, coe ff icieonts rgj>ordbI th tonl- boa lid

nocphelomeT~ter as a fiunctionl of alt ituide arov lotted in Fi i's. -).1() I:d

3.11. Reforring to Pi1g. -3.l0,th0 oso 1N,' Ii'ht SCattelilL (11)u to ISO1

feet above the surface is plotted for thoC daJys (A Aulgust 3011and11 -). Ill i S

di fference is a'tt ribted to t ho no : i ng 1 a\'o and surf ace i iw rs i on e ffect.

For Augoust 30, the mi xing l aver had comp letc01) developed iwhenl t he li lht

took place ar-oundI noon1. 1)UHM iu t .ust 3]1, the oai*i-i or mnin, h~ i t

(8 a.m.) , stability conditions proval led with aI noari sur-faco invo's ion

(see Fig. 3.2).

Thec lighdt sca t ter inIIg 1pro- 1i c (1' to .3011 00 I*t a1V -00sIow inJ Ii . ..1

fo thle flight Of August 3(1. As shown in t hi s f ii uro , tiic scat to ring

peaks are indicative of part iculate st rat ifi cat ion with respect 1o a It itudo.

Similar strati ficat ion hias fieen observed bo lo're( with aun it toorat i r

necpheloijeter onl i1111ucImo aIr-craft [5) . For At\ust 31, 1 iglit scait il iin

above 150 feet Was not obtained~ dueLI to log ampIi f-ior cutoff resulti jug

from a combinat ion of' very low scat toril, 11)L anddi ft Of the nopIhe I ome'terl'

. .6. ()pt i ca]I St rutcture ILnuct ion

The Opt ical st ructure flunction, Cni wa,' deteirmined from oi fferent

temperaiture ricasu-RoInentS With C~ili 3 Watt , 1201 volt tI~lngist on f iI amonts

serving as teinperat tire sensor. T wo sets of1 ',('[)Sol pairs were 1located Onl

thle loading edge of tile wiI14, each pai r sc~iiu-td by 0. 2 anid 2. 8 motors,

respectively. The differential temperature meaisurements woe firust

corrected for the sensor response timne and van a-t ion of s;paitial energy

di st r ibtit ion as a fiuct ion of' yInc itN v1f6] . Ih tC1empe rat nlrc co(rr'ct ion

is shownl inH Fil . 3. 11, as.suv: iw l a.710 second re~uet il rOYf the' W il yesensor-s



(K~ TOTAL SCATTERING COEFFICIENT VS. ALTITUDE

1 6-31-82 FLIGHT
~-,..;'900 AM (MST)

8-30-82 FLIGHT
1? 43 '(MST)

WITHINAD,.
ABOVE MIXING L4YER

E

C)
U- MIX ING !LAYER!

IL

0

LLI.

10 20 30 40 50 60 70 8 90 00 1 10ii 120 130 1140 150

ALTITUDE (ft.)

F'ig. 3.10. Total scatterimg coefficients as a fliict ionl 01 alt ituide a-, m1casurc~ld
by tile MAP iwcphe 1oifetel dLu ring tile f 1iIt S of' Al.,Iit 50 "lk -) 1 , I 98.
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lhI rC1 n tii:' ttOld I IU thLy . i L. . i 1,.h>., I 'c, . i11L corrc( ted

Illi1t> em'pl cli. %l t'I d i l'Ck 'e lv i t t l tIK .' 1, t'' ie ) ,lilt] Cil 11

accordance to the t' loloi , rcilni I owi:; V ]

C.N  [7) P/T- X I I

C,  -d - /
'- = (XV).1,-

where

.1' = I-nts Corr'ected vllie of' dif fercil ial I temperatlU o0

1) = atmospheric pressure (1i'b)

T = atilospheric teviperat ,1rc (K)

d = sensor separation (w)

The plots of ('n 2 as a ftmction of time are shown in Fligs. 3.13 and

3.1-t, respectively. C generally decreases ,ith altitude, !tt :t ratificit ion

with respect to altitude also exists, similar to resultts obtained 1y r(vi'sl

experimenters [91.
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4. Conclusion

Based oil th is study :UI the fI i'V)t ILCSI1 ItS StItlfrIA I'] Z(iI itJ Sect i l3,

it is concu I ided that a prope' Iy i iIst umlented MP II; Iy be ut I i ed to

chal-acteri e tile letcorological , opt ical , [,Itt iculat;e mid ttilItl1it clll'iac-

terist is of the atmlospherc as a1 funct ion of a lt ittide or al oingr 1hsi rnat ed

paths.

II part icul at, tile 'o I Ow i rig colic I o s olts atid rCcollintcidit ioits are made:

(1) The lISS VIZIO1 may be used to measure the atinosph'ric scattering

coekficients from .03 kil to 300 kil - , correspottding, to visibilities

of 100 km and 10 in, respect i vClv. lt is instrintent is sensitive

to the index of refraction of the aerosol and therefore has to be

calibrated for the particI lar ae rosol erviroinitent. It i s re-

commended to calibrate it awainst an integrating nepheloneter as

this latter instrument's output is ideally dependent only the

total backscattering coefficient derived from scattering in all

directions. When calibrating or uising this instrlm"'cit ill an ent-

closed location or near a surface, care imust bC taken to absorb

the reflections by the use of baffles or other light absor-ption

techlniques. Fine Strlctule of scattering can be detected 1y

reducing the electronic time constant of integration.

(2) In reference to the particulate samplers, it is reconmliended thlat

the cutoff below the one micron be extended by insuring that the

air flow past the sensors be isokinetic. For the PIXI- cascade

impactor, this may be accolli ished by incrcasing the entrance

diameter just enough to compensate for the decelcrat;on of the

air i cident to C the sUmpler entrance. In addition it shot d

.12



Also be located ;a\'a froml th h l~d.i\' Liver. ol t111C. viik, 0.))-

-St llct ions uldi t 1111)111dCe. cainscd bY x lie p ropell er. III thle ca~se

of' t he UN'TE SaIlp ler , tilie di amfe tcl ol thle 5ampicl ha (' I:CS he ]reduILced

Or otherl types of' iwpactors For a ircra tt appl ication Il.l e ciplov'ed.

(3 jIe Cal ahI i I i t- CUd ICCLI raCe of' t 1 i Lk1) canf hC CNUMCU ei acd1IJ' inl-

COrorti gaPLN tel emet ro 505 1 ('1ii. A ,( NI p'otot epe fI ii"bt Syst em

Cor. th O N[IJX M has ~ been i ,Ined 101. It iS NaSt'd (M1 li c Of aI 1'.

power Gm inc rop rocessorp. ifferen t 1I r1dwa re Coll ii i ira t i 011 andi

sani1p ing rates; mlay he implemenlted by %%i'i t imp a. ;1Og'~n aHnd storl' i)

oil anllRO

(41 'Ihe ah i Ii to to deten1w i w., t) lho r .:on I a I w inld comipoi'i(r, v'.it 1 out

t 1I LIS 0 1-Z&I - t ','C k 111 11,1 V hC C;I i ) 1 1%1)t I te ii I v-U i f 0

1n Onl boaI'd meIthlod OF Ldetenuli n ii the(, Ni'otuid S1)001 of th p0 al

illi con i unct ionl with Other onl hoard mevasnreinent s of ail ';Ispeed,

anld an-je-of-aittack. Ear his Master's Thiesis, GonzaleZ in\'es;tiuaZted

tfeas CIibhii itV Of- Llt iliiin tile iluduc t ionl by, tI lieeath's ma'gnetic

field as an1 econom ical meusOf meaCsIiling t11Q v])CL Opee )o oM'd

(S) IWith the USC Of the IMP neCjIlIelomeIt e' to nieaSored parlt i cuL ate

scattering and mea 1VIsuremen1cts to detenitline the Opt ical struictulre

funct ion, C l) as well 2,as mapp inrg of- meteoroloical pa ralleters

(part iclia r a ir temperature) , it is there fore )05i cto Completelyx

characterize the optical scattering and refract ive properties of the

atmosph1ere resulting From its aerosol , turbulent, and tepeIrature

St p'liCt tre.
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