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Abstract

A1rcraﬁ condensation: u-ai]s (coniirails) and thm s .
. were $tidied by instremmerits on the NASA WB-ATF -

high-aliitude aircraft during the NASA CRYSTAI -
-'FACE mission." Pefsistént conirails and. optically thin
anusareeonhastedbyﬁxﬁ‘erenﬂeve]sofsu tuiration
with ‘tovice.” Dring: the July 13, 2002, flight;
" the WB-57F airciaft - intercepted visible contrails
produced by both ‘the WB-57F. and: ER-2 aircraft.

These: contrails Were-locsied fminediately below: the.
Jocal ttopopause, where ambient. tempetatures ‘were.’
very law (~767°C). “The mmraﬂswere clearlyindicated - -

by 'an"abrupt-increase in- NOQ.and "a - simultaneous,
“ahiupt decrease . in “ice supersaturation. - Within the
- contizils; the Telative hurridity was clése td.130%
with réspect to fce, Higher than expeeted from theory.

Outsxdememnﬂailswasapersxstem]ayer of subvisible

cimus extending frorn appmxamaLely 131015 Km
altitude. “This layer was characterized by srgmﬁcant

supersaturations becaiuse the amblent concentrations

of ick particleswere nsufTicient to significantly deplete
- the ice ‘supersaturation, ' We will ‘disciss. ini situ
meastifements and mode1 smmlatmns of humidlty

-Intreduction

During sammer 2002, ihe Cirrus Regmnal Study of
Tropical . Anvils and Girrus Layers'- Hlorida Area
Cirrus. Experiment: (CRYSTAL-FACE): was carried
ot o study vpper fropospheric cirrus i the stbtropics

and-tropics. - One -of the specific’ scientific queshons )

addresséd by this mission was: .
Aré the supefsatisrations 1 measured in clear sky regiofis
atid -within'.clouds: conisfstent with .our understanding
of icg’ nucleatlon in the upper trnposphere7

" This 1§ important for clitnate: models, which often
cannot reprodtice observed supersaturations due 4o the

modelparanieterizatibnof cloudformation. Sixaircraft, -

satellite, and .ground obsefvations' were included in
this missioii; but we focus hieré on simmultaneotis; in

situ’ measurements from’ the NASA WB-5TF high-

altitude, airceaft on 13 July 2002 i the, subtropml
upper troposphera

Figure 1; “The 1172+ m mﬁltl -prss ; apen-pat npucél el of the JPL Laser
Hygromeler ULH). . Laser; detector. and aptical path are locéted &: Zﬁ om
eacath she right wing of the WBSTF :

Instrumentatlon

- The Jet Propulsion Laboratory (JPL) Laser-Hygrometer
(JLH) isa single-chanhel, - near- -infrared g?‘aé -nm),
- tunable diode laset spectrometer for measurements. of
atmiosphieric wvater vapor *[May, 1998].- The open-
‘path design efifninates the need for a sampling inlet
and reduces, possible intetferences fromi evaporation
of condensed water. JLH uiilizes harmonic absorption,

. spectroséopy, - & common  Sensitivityenbancing -

technigue employed in:diode Jaser spectroscopy. [e.g.,
Webster et al., 1988], yielding a water defection range

cof 1010 2x10% PpmV, 3 thb 0 05 ppmv preclswn and
10% acciracy.

The Meleoroluglcal Measwrerent System {N[MS)

on-board the WB-57F provides sttic lemperature and -

static’ pressiire data - [Scott: ef ‘al., 1990], which are
utilized in JLH dats- processing to convertwater vapor
coricefitrations-into, voliitne mixing ratios, frost points,
and relative: hutnidity with' respect 1o ice (RHI) and
hqmd water (RHw). - Vertical wind velocities teported
by MNAS are also utilized in this analysis, We utilize
nitric oxide (NO) & anindicator of aircraft exhaust.
The measurerients of NO are frgm the NCAR NGO,

NO., O, instrument, whichuses the chemiliurtiinescence

detgmon techmque [Ridley &t al,, 1994]

Data and Results

On13 July 2002, the region near the tropﬂpause [14 6
kin altitude) was chasacterized by opticatly fhin cirrus
and very low temperatures (-76 to -77°C).. The WB-

57F aircraft sampled contrails deposited near “the -
iropopaise by the ER-2 (Figure 2) and WB-57F aircraft

{Figure3). Basedmptevmusobservauonsofconm]s
weexpact thataircraft exbaust particles readily becorte
activated and hererogenecusly mucleate -ice le.g,,
Schioedér et al., 2000, and Héymsfield et al:, 1008).
Within the ER-2 contrail, clearly indicated by high

KO, the refative humidity was much Tower than i in the:
Surronnding air due to'a large concentration of growing, .
ice crystals. Outside the coitrail, the énvironment. -

wascharacterizedby exiremiely highrelativehumidities:

: Apparently, there ‘were not. enough patticles in'the - .

subvisible citrus to deplete the supersaturated waler

vapor. Tn’ conirast 16 the ER-2 contrail, the WB:57F.
contrail was deposited in'an enviconment with 2 wide

‘range. of humidities (Figure 4). Within the WB-57F

contrail;. the: relative humidity with respect to ice.
{IRHI). converged io a narrow: range of 125-to 140%:

~ Model zm‘d:Disc'ussion‘ :

-evaporation, and maintain a
. miust be

In order to dfive the growth of i lce particles, prevent
contrail, RHI'
-than 100% [Gierens, 1896; Jensen: et
al., 1998; Heymisfield et al,, 1998}, Within conirails, it
s expected thai Jarge concentrations: of growing ice

crystals will maintain REIL close to '100% [}ensen et

. al. 1998; Heymsfe]d etal.; 1998].

We sinjulafe the ice nucleation pruce&s in the upper

- ropospheré with a cloud micraphysical model [eg.,

Heymsfield and Miloshevich, 1995, Micleation rates-
are based on. the resylts of Koop-¢t al. [2000]. ‘Imitial
conditions are: 10 cm® ice crystals, "1 micrometer in
diameter, in‘an air parcel at rest, temperature of -75°C;
relaiive humidity at' satiration with respect: to liquid -

. -water, Figute' 5 demoristrates that the modél ice crystals

grow: fapidly; biinging ick supelsaturatmn o zero
-(RHI—IGO%) wu;hm 120 seconds:
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Figure. 4. Hismgram of RHI'iri the eniviranment (red}-and wlthin the WB-

appm)umamly m% RHT w11J;|:m I.lm mlum:l

57F ‘persistent conirail (gl /and datk’ bl 1 lndlcale:: & cmwergenne o .

Pievions ﬁ1easwemgnis by Schroeder el [zooo]-'
indicated - Jargé: range ‘of rejative hiniidities vvi_ihm :

visible contrails, using aslow ryogenicmi

‘1o 1AeAstize: Water. However, Heymsﬁe]éetal E1998]' :

reported - REE-10094.1n ‘contreil 'vores 4t femperatures
of :521C: These mpasurenents wese iade duiing the
NASASUCCESS-missiori with the' NASA Langley
Diode Laser Hygrometer MEH), which-is sumlar 1
]LH in bath txme rasptmse and accumcy : .
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the ‘Tfesearch ‘descritied’ in - this

F:gumﬁ Maodel of ce panu;’le growih indicales llm]arg: supexsatma.nuns

cannot be sustaified inth pre f iary i tich
(76'C1 . B - : :

: Summary _ ;
' The tieasired relative humidity twith rmpect 1o fce

(RHI'i$'125-140% in cnlc[alrcmft c:ontralls IS TB"C)

; TheoryprédmlsRHIShould be HJO%m the contrails.

The measured RHT in cleara]ras hlgh as: 180% ‘even ;
thotgh- theory predlcls that, at temperatwes of -76°C,

hm‘nogeneous nucleauon shiould-Gocur at15710162%
RHI [Koop etal, 20093 The cauise afthls dlscrepancy '

i unknovm

Unceltamtles yet to quanufy“

Does'130% RHT represem satnranon vapor pressife
for Arigther compound?:

' Issolarheatmgofsootmthepamclesmgmﬁcam7

Isthe comIaJl ‘spatially h@mogenenus'? :

What lsihe Tate of entrammem af out51dem mto thie

Qorm'all’/’ : o
Is thete srgniﬁcant particle evaporahon e fo Tai
heatingupstream of the wing?-. .-
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