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Composition Alteration of Stratospheric

Air Due to Sampling Through a Flow Tube

1. INTRODUC(TION
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If tl1if, ! )Ie 1 , l -I ai f. if"t I, safif I ;A i fif If I e t .l I tif e It

tf I ' , -'ii I - n I I I l,- 1 ali Ke (I rif v -UifiIi Ui if-i hi-f' n (

i rl , 1 :1 ,(2 'I trlf % if- I, il, I-iiig !!r i -l0 U ; nU- I'f! Tl,Ci- -nE'

2. (lf h , (111! h 'v-11 ''1 , )11! 1 . .. g'.'' i l . , Aliqui d I [iif it~I-f (.I 'I h iI'<

K1 -- -7K i 'i. ; -\% 1-. ho 11- i !If rIwl' 17av.i, A i7 17Y!!

i , r i - x i ir- I i li Ij 1 11 i : T ! e , v i i , ) n

I, 1

;1-.-:ho



274,000 cu tt\t 38

13ALLOON

48tft diameter

PARACHUTE 19mr

l-rpork .lw lii,ol AS

0,000 lb Test

NYLON.JLOAD LINE 61M

SELF-RIGHTING GONDOLA 3m
CRYOGENIC SAMPLING-
PACKAGE

AIR INLET DUCT

SALLAST PO. TUBES

0r f COLI I'e. ore '( thIe Lir -V i rI ev i-; Vr lire -I,'r~i hl 'tri hr.

ohtitttJvt i mrechiatsmrs (iliving h le in -s ittt steai1% t-s tat' I w!i:, tt i-,i r:

rtlttrtt telax-ation (if t-eactivt' atr I senli -reatrie I i tv' itI, .!t !i'.' I 'o i!

III tittt1tit fIooTl the qfT1hInt atT IsI);7I teIk t0 tire s;:1!o111 11irr 11! ti ' t r !hf I!

Ioncent -vi mJs ifi teat I t't tt)c'ie05 anti tii JOI With ,ir - ,ir I I itll ;I. itthI I I , rtr '

iltetotereitr- 'et 11w-I it t J:Iisitt Il )[I :!it Ie a' i[ tirhe tr t -it tilt

c~old he sjitiiittt eit,, i'll itttt their- as.i. Iie urn wt i ,t pr-

I. tro a"r-er-i tire veh!iitc Ir t') tartC ic 0, r'!rr1 ttti4 ret- 'J irl( un J i'.tirt

'I here t~z a stviu tp -errrtntrte ttetl.o ;erhie .teurt iO tt'istJ- I,! t ite

sarrrp1 injp ltew titidt hose )I* a ttiil I . Jttin ttJitt-i t'ii iW hent cal I toi 'I lite it

t-ent artAtvsus wtakes tuse of thtis ur'aliO!v itn its ;IpIwotir-, 1t ti iexe~initt .a hi:J-It

iat kirttici icoide tti~~~ dntiitiir to ~ ti tt itjrj'I~ptitS ": Ir

k-ietics, tint , a tte I suitable ;1Ii it ti d I I.It I .it , I.(L!eteI ftt)IIs a% i II I tikt5 s W I .%k

tlenth- at ki net i I- e lfects itt thle sainiItpeIv.i I- itte urpt iti ~s(I I I I mi v - I,tvLIi

aejinar- fl itw jll. 'Fhe tekeirpternt 't thlis ;Ijoi~w ihI 12t Siolt itri int

Ifron tire resuIt ant tttide I :I Fl pi-esettc I Ut i ti , Jt-(iiitt1



2. MODEL DEVELOPMENT

2.1 Flow Field Considerations

The Bendwav-I tubing that provides a corinluQ tm too;l(i0r

the sampling4 point (showxn in Figure 1) is, about 63 rl Ill lth aiNth an 1. 1'. 7. 6

As show)vn in Figure 2. at thre sampling lo-ati m ii ee 2, 14 t ). 1). tuh,- iv

each crvo-santpler volum-e) are located radial lv. 10' marl, s;u th~i thiev !(-!

inate at rhe circurnft reine of a 2. 54 -c .iaptqt U t ci t' 1( W a% itS ihe ilube.

Thus, these tubes effectivelv s ampic the central 2.. 5 4-tt ni iiriettr c(lu of tl:e fly,%

itn the Beniwav tubing.

SAMPLING
TUBE

TRiWAS
' INLETS

60.

2 54cm

Fiue2. Schemtatic of thle (jtvouenm
Sam pling P'oinut Within the Sam phn, I lube,

F'' o th rough the mintn sam plind tube is mai ntai ned I)% an a tal !'All I l\\ I 1 cue

V AXN-2A1151 Vaneaxial blower) rated at 40 C FIN, located iow us roar.) the sat' i; u

;n) titt. l-i Uht data with the same tvne of fan) in ano)ther n 'nir an (see Sihermuan

indicates that the volumnetric displacement )I thsCanroaiuretvly tsat

3. She rmuan, C'. (198:03 private commn uni(cat inn.



at thet( rated vallw uftilI ih mt 3(1 km. lIte I-a t-dutilli i capacity v f appoxi -

!, at It %l\)n -t hi rd is i-It I. I LuS. a1t Vtal ',I'Ap[,ICt V, thet , v)Iurn e t r l'Iow ra te

1.26 It 1 :: sor UIr these l'iones and a , oss setional are a )t 4.5.4 t m

3%~m a~p v 1') niV iti t he ir oh t it_ Is:

o A 4 16 tni-i ( s 2 7 7.5 11 n 1 Zriat 30 kIl

s\ ;s-ittitng tvtjjt-a si ratitS[)(Itiri urtitianfs R . S. Standard Attnosphe re 4:

18 -315 -an: 2 16. 65 1K; !10. 85 torr; 4. 05 K10 n

20 ktint1 2 16. 671K: 41 .4-7 torI; 1. B O 1 n0
1 7 :3

3(1 kmi 2:31. 241K; 8. !jtort; :3. 7 10 it

'ivst-ostV )f' iil at Lhese ejn)fditjons (front tirdl et al, 5 pp. l6-l7is ij- 0. 015 C

Thtus . the corrc(stpotidiftp tievilalds nuntbe rs are(:

R" (15 km)1 41 10

lit, (20 kin) 18(27

R e (:30 kmn I 1 250

Thus, even thooiuh the tRevnolts niurn er at 15 km is in the transit-i nal flow% reojime,

tutter Yitast satttt)jttt -onlitiattrs the f'uiy developed flow jell itt thle nhe sha)uld be

latttitar; that is-, IRce 2100.

1 akunL thle ptreeling into ivmnsileratton. the e)ttdittuns Ii the sampled eentt-al

tito R 1 1. R I3 ) will he haracte rized by atil aeraioe y-eloijity. till and an

aIvetaip' , oncntratia)n, C . -vetaLging aver the Camiiar parabolic flaw eti

H

f Id

4. .S. Stantda rd Attmosphere I197 6) NOAA, NASA, USA F. kWashinLkton, 1), .

5. Hird. 11, 11. , Stewart, WV. EK. . and i ghtfoot, P. H. (IP6O) T ransport P'henomtena,
ti 1v & S,)ns ,N ew %vturvk.
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(2)1

u .- ) 12

'2 R

'1'r t}'2 c'u'r entt s iit a t i , R{ I.£ c!!' an ti J { R A "I f l, I z ilu,

2-l - )- 0. ('44 tiC

2 (3~. 8 I
{0.94-1 (210 0. I-4 (2 -116) 785 c'r e (524 cric so,' it 30 ki .

Ihot. the k'111ti1 - ore travt Is at a rtean ve,,itv W' 785 s'. Ihe -ean ,o -

oncientratior i, estin-atel in Seotiom 2.3.

2.2 Axial Convection vs Radial )iffusion

In order to ass ss the potential inportance of it lt ittal losses to the tuhe -,al!,

!ht, rolative time s,'ale. of axial con~tve.tion and radial iift'usitn must be coirpare,.

TIW h e (teaI prohtlem :, tlispeisitr in itlamiiar tub, 11 ),% has received consiievabIC

ttenti m in the litetaturk ; the classie analysis of Taylor
6'T ,

8 
havino beer amplified

,ti i1tt roititi ),-iS ff t '{ t(l ixaipl[e, se 
' 
Aris' and utint 10L Refetring to lavior

6

be, 'ti:,.eiist, ' tint tor onvetion through the sant pliit2 tube is givet" by:

'it (4)

• here I. is the' s o: m"lit tube length (6 it); while that for radial diffusion is Liven by:

( 1 " . ) li}f , 5

,,here I) is the Tlote(tutar di f'usivitv and R is the tube radius (3. 8 ceti). A cornpari -

son if tles,' time scales at three altitudes for NO in air yields:

I)ue to the large number o}f references cited above, they will not be listed here.
See References, page 39.)

l11
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Alt itu.in. itt) (I1\ .I
fkn.) (C II/Sec) S

15 1 . 0. 72 1. 0

'10 2. 0.7 2 0. 5

.505 1. '1 s :it I w% attitu e Lin 1 7 ,trf wt Tra tl I: adfiitud'(.

haevr, aIth ini. d-iOL' Itia l t 7 -u , he tirt,;rtiiflit in,-rrase-

in 1) \v Itl 1j reas4ing, p essite 0 i ,*I) li ' 1 1 , witii ~ Sii'n u

iieli~ t~itlituI hte, i n ,n ,ttat; ), 'he t i' itior 4
0the satwnl- I air., 7l ,, " llh es.I -

"tsher pe l atito tt kn h' s- p*,Ittt '1:- lwt'jl 'I tas tiaf t

'he r'aui.-i':h:e'e,~ l amwroah II List- 'Jt. !he -

hat utde.r t, e . n it:'ius, 'he ta-pial ()n- -iin tproil( iue.t to -itfusin 5

tanidlv 'tbih A see f- rsA- ha1:-i:-( )I thi iSti;0i'wit testits in reC tat-pIiar

I I TI fsselI111 t In- n s)Iti ,:I- v 1iI 'pa I - - - tr n Ittli V-( aps, 2, 2':

(z, t A, (o R~ - z 2 -c t

a, h'. he zn youh )r!ert (---Iun- in- The :irst Kim I, the o! ate -entatrts

lterntine-i hv -'ho I) ,mdarv on hitiis, A are e nstants ert i 1 5%, _appli- atiwm

K ,tphattonaljtv-0teBs- uriii tp- n

2.3 Heterogeneous Wall Loss Estimation Teehnique

In order to use the multireaction chemical kinetic code, thl11INIKlN (Kee et al 12

to model the homogeneous reaiction behavior in the sampling tube, and also to esti-

mate the effects of .vall termination, the hieterogeneous loss due to radial diffusion

must be estimated ajnd transformied into an approximate pseudo-homogeneous reac-

tion. Thf-, development of the resultant averaging technique follo..

1 1. (rank, .1. 1P75) The w7t~'-t-s-fIha-, )hr'lI 'nivorsitv Press, Leonuon.

12. Kee, RH. I, Miller, ,. A..,an, I .'fersnn, 1I. 17. itl P180) IKI A (,i'neral-
Pu rpose, Problo::v - Inlenendpnt , Irans;portahie . I-C)RI BAN ('hermi cal lnettios
C-rie Pa- kaLt,, SAN! I -8003. Sandia Vatianal artris

12



At the tube wait (r 11H or z 1), a Steady -state mass ijalanco vw HS

-1) 1) C k C H17)

where k is the heterogeneous loss rate constant (cm!sec). Making use 0 ).,1. (6):

1 )- 2 ) D - 1 2,1(Y 1,2U 2)I n
12 -\n 1 1.2 -12lA 1 Cy 1 I 1 o e x -

k I D 1 n

x\h.xcrie tn . b1 is tho P .first ormdr Bsl function of he first kind. Substituting this ex-

pret, ssion Intt ltq prse)

'\ I  ,, 1 
2 1)-1 exp-at

(Y2D 1 2 I)1W)Q~f(epprtexinl ting both sides of Lq. nPt by the fiisrt tern in the srties, ',hich bec'mes
a, bettP pt ' lOXiation :,s time pinogtesses):

temancicnriinith tnpe ctilcr.1-q = 11 efetie vh tranm

9 I I 1 21- 20

The effective loss rate for a p rticuoar species in t centra stio p lted ore,

- k r cn 1.27 cm) doe to steady-state wall telrination is given by:

profle- ke trll

r= l{/1

-1IWheOe k is a pseudo-honogeneous fist orider tate constant Sec 1, and C is

the mean concentration in the samnpledl central core. Lq. IIll effectively tra nsforems

the diffusive loss rate at the boundary of the sampled central core to an approxi-

mate, pseudo-homogeneous loss rate based upon thle mean concentration in the core.

SThe mean concentration, C N RIi eemndb vrging the concentration

i profile over r:

13



RIp

f C(r) r dr

m, R 1  
(12)

f rdr
o

or, substituting Eq. (6) for C(r):

A n J n 1/2 D- 12) exp - a t) rdr

Cm, 1 2f 2=1 n 2
o HI

Solution of Lq. (13), once again using the first term ippvoXinitutlon. Yields:

( 2 D- R I ) l -(Vzn 0

nim, Rll  H 1  21)-1 12 IH

Substitution of Eq. (14) into Eq. II yields:

k' = a 1 . 15)

F or instantaneous loss It tle wall '= (1 ,

A ((y I -) 1 ) cxp -ca t) 16)
n I

or, using the first term and first root of J CI

1 / 2 D / 2 R = 2.4 IT)

Substituting into Eq. (1.5)

k' = (2.4) D2 Di (R2)

which is the approximate representation of the upper limit, pseudo-homogeneous,

first order rate constant for hete rogeneous wall loss.

The rate constants representing wall loss can also be interpreted in terms of

a fractional loss of the upper limit vaILIe given by Eq. 181. 1 or complete wall

destruction:

14

1 -
10i



Nia ll flux) - ) 8 c

- U A (a 1/2/D- 1/2 11 (1;D- 1/ It) exp(-a t) . 19)

n= n n I n

Substituting for a 1 , using Eq. (17, rind the first term in the summation:

N L) C 2.4 J 1(2. 4)1H

or

N- I) (' 1. 25/It. 20)
(I

which represent the upper limit wall flux for complete destruction. If. f is the

f ractional destruction at the wall, then combination of Eqs. (7) and 16) with the

definition of f yields:

k ( , (a 1/2)-1/2 R)
D ( 1. 25 t (21)

0

or. upon rearrangement:

k a f D 1.25/H (a ll/2l)-1/2 R) (22)
0 1

Elimination of k between Eqs. (10) and (22) results in:

1/2 f 1)1/2 1.25
= 1/2 1-12 (23)

Thus, specification of f, along with the parameters 1) and H1, defines a via solution

of Eq. (23). However, Eq. (23) is transcendental in atI and thus requires an iterative

solution. An appropriate iterative solution scheme using Newton's method is formu-

lated in Appendix A. Of course, once a I is determined, then k' follows directly

from Eq. (15); namely, k' = aC . A plot of the heterogeneous wall loss rate constant
• 21

in dimensionless form (k' H /D) as a function of f is presented in Figure 3.

15
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0 0
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1.2 tile AlaXirii1 am \tal LOSS Hate

0.8

0.4

0. 0.2 0.4 0.6 0.8 1.0
f

3. (OM PITATrIONAI. (CODE

The entire p receding development was undoerta ken with thle objective of adapting

ain existing code baised on ( I lIK IN\ (Kee et al 12 ) to calcuala to composition changes

along the samrpling tube (tie to chemical reactions. mhe pa rticular ver 1sionl of this

code available was intended prima rilY for thle solution of homogeneous kinetic prob-

lem~s Without transport. Thus, thle method in Section 2. :3 was formulated in order to

transform thle wall termination reactions into equivalent ''pseudo- homogeneous" form.

3.1 CHEMKIN et al

CIlL\IKIN is a packaige of it rRflAN programs designed to facilitate ge neral

chemnical kinetic modeling of multireaction, multispecies problems. It was developed

at Sandia National Laboratories, livermore b%- Kee and associates (Kee et al 12

I-Issentially. it accepts the definition of a chemical kinetic mechanism in faimiliar,

16



relatively "fo rnat-f ree'' chemnical notation, and t ransfornms it into I- ( u R ItAN code,

which can then be manipulA td in almost an v nmanne r the riser chooses. I or tile

current applications, ('I U.MRIN was used in combination with a gene ra or-dinar'v

differential equation solver, I )tI)iand app ropiriae S Lb routines to t ru nslo rn thce

FO(ilRTRAN code from (' l\RIN into the coirrosponding r;ss (orlSe 'V' tionr e-quoatiorns

for solution bY I St )IJ. This pa rtic-olo r combination was ;Irah. s S >''

sensitivity code package developed by IKranre r t;d 1 'I, VIt h; tur'e-S to pli. i

new AII (analyvticaillyv integriaer l'Iagflus) irrodtfictlrn Of OWe til 1\1 1('' n-T s fInl-1tin

miethod) for sensitivitY ainalyvsis of ( )11JS sstemns.

3.2 Chemical Kinetic Nlechaknism

.The chenricalI kinetic rwrerhanisirr 101-'i.LllI't('d frr us ith to'1 ( IILAlIkI -L\11IF

code paickage %as of coo Iso,, c ssenti.Il% ba i sic t'.oprrir rr.i kinetic

model sans the phoi(tol., tic forn.tion za n destruction ''itions. 'I'le I,*tun. I n-e,

used %%as extraicted prinirik from lot 4rtos' a.-prc I ,14 ogihtl

corresponding 1IZto collSt~mri in zlulrr'pr'iate fori:. nd onit !or s in the ( III:AIIKIN

SI N.ITH codle. Thins l0 eiriilsrr. is presenited in 1Chic- 1, rirung vitii the correspondin2,

ra te no ranreto os.

In order to irrdfIl %%tArrler c'r5~' 'rioin:,tiorn re.actions, roost rof tioece

'tire provided w-ith rire '.' tirrr rrf hir Irrrrl:

S I S)

DFIV pse Udo-hrion Og Ul(errus 'to rrn,troit , k , for' triese rea~ctions.%%e re (Si>

;occo rding to the ini 'tod p r'c. nt(-d ill ,'c tion 2. :1. Fln -Spe-Cificatioil tha

in the mrechanisni definition input ne(Xt to the roa t'eLrtOls is the lleegati .( t' f 1,i.

fraction of the total ',%Lall destruction r-; to a SSLIIedl fr that sp~ec rs. [ sino - f

the input, thle SubrUtine MK 1' ll hI lis:ted in A\ppendix 13) retuWrns to'( p)St:o

homogeneous first order rate constaint, k , flit USe in thle model.

13. 1Kramrer, Al. A. , IKee, I. .1. , rond LI rbitz, It. 1 82) ( HII~,5CN: Atropt
Code for Sensitivity AnAr[Isis oif L lermentarv ('he iical II 'actinn Ahirdes,
SANDI 82- 8230, >Sr ndia Naotrnnal L abora~to)ries, i ve rnirrre, (li 'i

14. The Stratosphere, I1081I, Theory and Alc'surcmients (1982) \%M , \\>.\ , IA
-NOAA, fieport No. 11, NASA 'Coddard Space I' light ('enter,
G reenbelt, NLatryland.
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Table 1. Stratospheric Kinetic Model"'

(A) Bimolecular Reactions

No. Reaction k

-0t

(s tuol /' I c- I i ol

1. 0 + 0 3 20., 0.90011 13 4407.

2. NO 2 + N) + 2 0. 5601% 13 0.

3. o. + No) " N(0, + (2 0. 2301, 13 3150.

4. N + (I) N0 9  + (I 0.370 1 1:3 -534.

5. No +it)0 No 2  1 0.'220E1 13 -477.

6. Nt) 2  + 3 No) 3  4 02 0. 7201 1 1 -1 868.

7. No 3  + No 2 No}2 0.120K o 0.

8. IIN()4 + 110 "o No 2  + 112 () + 2 0. 2401. 13 0.

9. IIN() 3 + I1() Nt) 3  4 1190 0.900K 10 12,2.

10. 1[0i + 11) - 11,) t)2 0. 4801, 14 0.

11. 1 to 2 2 - 119 + 0 0. 180 1. - o.

12. lIt) 9 +i 0 " it() + I) 0. 21011 + 1.,

13. 110 ,) I) 
- 

I I()C 1 0. 2"01. 11 0.

34. I 2 - 2t 0. 8411 10 1152.

15. I() 0 0.3 - It) ( 0. 9601 - 12 I

16. 1(0 + o -[ 11 ) 0. 14011- 14 -'210.

I 17. + C() i - I1 0. 1 101, - I1 0.

18. 11V + 11.i 1 ) 0. 4601F' - 1:3 1 1

19. 11,1) + I It) - 11 (1 l [ .) 0. 1601: 1:" 2 81.

20. t + 3 - (10 , 0. 1 701 -. 14 511.

21. ( ± () - () 0.4601. 14 25'.

'22. N ' N+ Nl I M 0. 1401 (10.

2:3. l - II, - II I(i 1 1).21 If. - 14 4 55 .

24. If(o + ('1 -. ()., Ih I ). 28:!1. . 1 0.

I, 
,

1 " 1°



Table I. Stratoapht ric Kinetic Nhdcl

B) Termolecular Rleactions

No. Reaction k,

A 2

25. 0 (3M3 1% 1l 0.2001- 20 -2 .0

26. NO2 (I ) " NI 3 A 0. 3901. 21 -2.0

27. No)2 I() , I \ iN ), l M 0.5301.- 27 -2. ,

28. No 2 + It)) * Al ", liNO4 . Al 0. ) i. 2, -. 0

29. N) N -Nt)9 + AI N- 2()5  - A 1 0. 1601, - 24 _2. :;

30. If ()2 l "  
lM )9 - A1 0.59012. 20 -1.4

31 CI(t) No.)2  A\ M " ')N( - A t 0. 4601. - 1 -1.
9

.) I let e rogeneous Iieactions

No. tReaction

32. No Nt) )

33. No)2  N () 9)

34. N 2 5 N2()5

35. N) 3  No) 3

36. IINO 3  - 1 tN ( 3

37. tINt) 4  - INt)4

38. ( ))

39. ()3 0* (3

40. 11) - 110

41. 11)2 1102 (

42. 11202 1 t 2 2

43. Cl C I

44. C CI)

45. 11 - 1

46. ltI)C1 - 1t((1 r 3l

47. H 2 () (

48. CIl()Nt) 'I( )N( 2

2 249. ItCI - f Ii ' )

14
(a) The Stratosphere 1981. ... Tables A I and .\2.

-1
(b k= A exp -t/HT), (s mol 'cm

3 )  
Iable .\A

-1

(c) k3  A T :3m U ,n
3 

2 'rh \23

,4

• iI - ,



4.1 C'ases and Dt~a

Ylu4t4 021turunt 'Iltiti)Iit's sp1iuIlTlli. tiiIX1I4 of tiit. sti'.toslicric %v iul-zhj

.SiiVojlu lt in, A'Ve l contl.5l ts; nziint-, 15, 20), :rid '10 kii. ''l( initiel

I I I lt I* ttIIIIns f, 1,1n -; t of spec it-- vI-- obtUirn of f voI I tihe > tv: to Sp Iler 19 81.

V%% o 1 1 Set-; of N()li I 115i Vt luui - ic
t

se: :I iget) s f nIlI the

it Iid-lI tjtliit A\ I, I 'II"t, :1ild tie-it)' of 1 lau1 t 1. -llIii(5s (I, ill lin s -,t-h

I:( esulntcdl it FIblc 2.

lm-h in(l uifjfi(-lt to :1ISsigut. I )f cuitse, vAllews of fr I u-ut imenti1)!v Ouite

qwI i itte fo14 Al thc frev 1.1iwulje S1J5U-. IM 10%kC\,eI, tii I I 1)14 S, Ip !..( (e I! It t I

iliii of .- tuitItiv aind stutble ;uue"ics %v. it thle o.1 f the ., -IIilL1tbei.'

tierut , jxit. 1tinol-.'M. I ItiliilitCI, "T vlutes for tiese sln-Iit.i ec.ih

''-dev t, 155ucss thecir u2fftit.

( I iiimteilitioni of tile eenitrolili p -neesses oft .11 the i '. - ie-g tueus

iluflimlil tat (-n to-eU, at th12 '%llls of tile sa uyl ing tull- us-u i:,n iS Ii 11190ta flt

iiiu'dIssue-. As siIoV it hem., tho-se. leteri'tvi,- iucu n:-Se iOIIt 1cu-st

tue' Jtttie.1 to 'ItL!' both tilte rk-I. 'ive id Loosolltt, (-ifl, e-tuate io r Io the- NI) iIV
x x

'I SIt-olil thotsej in tile irutbient. Tite foleiig iis5n is Intende(jd to 1iighlgiut

-ilt- of the. potetttH.li -noe iin rt"Int pro(esses brat 11;1 ocur.

I ifst (A Al, o'nditions ait tin sniliplin ttibc %%. al \Wevl 1 5i1:upd to I)e A en-

%tIt ulien ao sliiiil is t~tkt)Ii. Tis dIssuillptjoll i quit(. rueasotn,bl. In -it)., o the(

I wt tie)t oir %%.s -entiriutiuslI, drtawn thriiuig il -, sitniliI tub-,l, Int : t altitude,

At tuc lninhient tinpe u:iturus expec~ted ( sue( Se--tlion 4. 0, the tuh, v-11 1js ii-i st

IIrbl\ZA I(,'ted Withl I:Ii tr of etlndulst~1. at

V) 2 is knoewn to be tratuidl'- -enve-ud to Vi I h% uh' ton -iit di-be i -

(r- zi.itit 1) ist 161. 'mrbt t(usitt) stojchli1 uiitri, ISi tlo l tI?(li,:

2N( 1 2 ii If 2 tfO 2 tIN) 3

constituents in the straitosphere itlodelti aS tiunetion of ki;titudit) d
Sttifl. J. (ieouiivs. ivt). 8 j:4th98I1

1 ; vtt(t,o e. \ . nd lust. Hi. 1,58 i''ti i 1u-Inlin,,tioln If nitropeil iide h~l. l gin

20)



"F.ible 2. Initial Species ('oncentration

S4pec.2 Con cent ra tion
rmol fraction)

Som c 15 km 20 kn) 30 kni

IN() .fd 1.3' l24-0W "2. 01.-09

Nt) I 2. 1 E'-(9 4. 3 '- 09 10. B 1- 09
V') 3  4. 4.0 '- 15 2.Oil- 14 4. 01-13

[Il.\* ( ) 1. 311-09 6.OE-0P f;' 0E-094

HtN() 4  (b) 1 . 6!L-l1l 4. , I..- 10 1.<'12-T0

N 21 2. 0E-12 1. 3' -1 I 1. 31-- 0
) l -.71 -14 1. IE-12 2. 21:-I0

t . 0. 209 0. 209 0. 20,

N2 T .7907 .79067 0. 7'066

3  5 . 01:-0 2. 2 E-06 1. ull-055
R( ml-, ...0-11 2 " l-!2 01L- I

k )( )'2 €I . Ill- I I I. 21- 1 1 I. 31.- I

If., ) '2) 1. 3K-):' 2. 013-09 u. 01-09

(1.)) -,. 0 :-l!1 13. 01 -0 w I. 0 1- 1

1 2 91.- I: t2. { - 1. ,. 0 :- 12

t ' ):t' 1. 5 -) 2 I. - I 1. 1-1

Itt ('1 (f .(I - I( U. 01- 1l 1 . Of;- 10

l 1. 9l1,-o9 ; 1. O -1 ; -9, 01 - (_W

S1. 213-04 .. 21.-0.1 *. -04
ll ~ ~ 1 0b 5.l.1 l 01.-0," 0. O1 -O1

h.)11;-12 2. 0f,- 11 W 1 0-l
tl 1(11) 4. M - I !.(1;-]L'2 1- 10 -

h) >)' q ' I; '' 1'31, I"V or '\ ln(l ;sl'uml1t, . \\ 3(), NA.SA,

I 33, V I , ' ' ). I I , 1 1 \I \.\ (;dlord 'Space
I i_!( ,'l !(7 .,n tl , M \l l 14

o I) I'll. 1 I'l I [

I1 ki:, I 1. 0 .- I , N 1) . 0 ' l'-1 1

2(0 km, NV 1.0 X I.-II, )., 3. 01 -10;

10 kin, 1. 0 x I.-0", ') . 1.-O i.

21
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t nd, , ctmdtions wIhtc re nitrwIs ,'Id IS uIsta3IblC thait IS, :it riOF III tk IC )r:turt' :,Id

Abt'Vt'), it \%%1lild dlFFFIFlljFF(F F 'F ,trdirig t, thit Stoti'ltu'linte t'v:

iiN i 'F ll () 2 F( jj i Fl . ,2

rhc. tt t -fcct .I'
+  

h" I tt I 1d H 1} 1i,

" If t .,( 211V< VD. \ 1' +

' I' i,~l' Ni F 9l". " FN ) ,,:;" .1 F . It t l 11 , .- I- ,:.F ,rt.,Ft I t , tr;FF'Cl F'F' ,

' FtltiF tiN-F'' Ft tIt' s Fl: }sl l2 11F ! I h,' .. ,Fi.-* '. [F ,,- . IF' \F F \F , ', [i, :1 ttI.' tiFr. ]

F It FF2dlt ms ,,itilt p!' IFI IFF iiFii ' :F '. ' '2 t V I t I FL 1,

tSFF 'F ''F r:jFI ( t.I'f 'Fl ,, I I' - ' : .' t F., '.'" , -

t F, S lht, It is ki t jIlit l (.'. . , F ,li lt ,' , ' St ' , '

tIhis i'F FFFIFL FF[FFF'FFI i ~'! '-- itiNFF ' I '' ' i (!:.t, 2 F'F''lF t',;i F l F J; rL'l iti [ I ,(I L

Fi.IF'F.' ., I.. sjF ' : .! ' IFt ('':- Vif IFI4 ! l t [Iit' I\F F~ l t " t1 ,l- ,, :]. ,.

ISF S FIjF 11 F1 t\ I: 1 ' (i [U~ F'' LF IF I itF F!i.c , !Ii.I

'I S if :'i, ,, ivI I n' Ii' iFF . F ','Fi .*F 'oi' l ' ' q I; IFtitI I ! t '
1;1 FtF'F vF t'F . ['iF' I F' F \ w rF '''I 'FIF IF 1 'F" ! I % IF

rld , r,r I.:Itt ' .I id .1-,, ,!I, e ' I I) , t t~i. b ' rd ; ,tB !I , :: ti -,t Ii , :I !1, , 1, . .!

t v11trIx F io I, F 'T1

.5 1,Fiit¢i hF l €,' ' ;' FT * ,l '. : '"' F} i F VI' , t I ' ' iF. -)' " ( !t rU t t . " 5 ' . ' : :',F

Ft tIFF' t' IFF , '. : ! F~' s:, -1 ' " t v ' s - V F: :,ti m ' '! i' t F; 1 . , ll jN + '

" F[€' S, ' \, X ,€it \F ) r : * 'i '.' . Fi[ 'F''' '1t t IF) : [ 1 ' : i ! ' ' . t { , '; ; " ;

I'511F ( t'FlF' ;V'I ' .- " TF1 l' ' I I)' " I ''l Fc I !o

-'it ,: tl' tS l-; -, r F F ' ' F F'' '[F- .F''. r :i ' tF' 'I(, F]'Fl'N) { F1( , ;' 1 ,2I. ": 1 , , , .". ,.'' '.,
,'N FF h F I', 1-F'' I,1111 ' 'F I I -I1NI . ' t, l FiS l i| rit . .'. -t, ! I.

0 -2 , -"

thi' . , ' .' " ','.' , 'IF - Ii'F .t I" .I t'tFI', 1uF I. t .I q: I I -

.'i
191'1FF FFFF tI, ' -' F' Fi. ,'. F::, - 'F : , " '~l 'F N ' ( F } F F, 1 ' ', , F\{ ' 1- ',';:I ! ,1 .

it! 't 9I' -' ,' ". '.: ,V:iL_ NIFFI - 1t- '-I.1F,2 , 'Mit "i ' _ ..

fit)

' ... ... . . .. i i, , iII I I III II III ll I Ill: 7'' -' 'i " " " 'A



efficiently trapped by condensed water mi-ost probablv as mixed clathrate hvdr-ates)

at relatri cli high tenmperatures, exactly in the range expected for tile samipling tube

w&alls Ithat is. 216 to 230 K I. Hithe r than being true thermiodvna niP condensa tion,
this phenoilenion is a complex kinetic entrapment process favored byN high fluxes of

both the species aind wa ter vapor. In the ease of the sampling tube, how eve r, everi

thoulgh thle reJe t u reS i t aittitude> ,r e in the req uis it(e rainge, the fluaxes sv(11 to' ho
I l 0 - 2 s hothNtoo lo%% for this effect to be imipotant; that is, 10 10 I 1 e a fo

14-2 1I
and H,) in thle expe rimenrts cited, vs -3 i 1  

ai -l 2 -10 1 ii. ie, '

_Spectiveiv . it the conditions in thle -;amjling tibhe 'ose. HBased ill thI'(r''.0 Illi'

tions, it is judged that Ni ) is most p' baibl\% riot remoiived to .It 'rgilifiiat i Xt'-rt

ait tile samlpling tue als that is, f- 0, wold h,. ai rc'ison Ai' . ssutm~ptiirj

Althoulgh thle prIecetdilng iSlssson is intended t, fo,: rio thilet- 1j'-!~ . lfIirt

order. 'fflets expeiteil to occu'r i t tile tube'2.all it i ;, e r'r-p, trl -. -ti, tt

think o1' the hehaivir of the ttibe it ligir altltllia til I-i s'r% lii, titsi:- rt 1 I e

,is tppr'oxl!:rrtitg that of t 1 c oliir top arii cohlmn). Pwi late ' til,,1 Il ii '012 lth'

\a liouii species aind tirlt' codrIsed pt~~'on thet tirhi' k1 .01 IW' JIlIt' Ir byI). o!rt

nolicar' ld thuis. ilmo.st imipossible, to 1st110. a oi. ( rtit , tP.'!!

iniinnel' in %0iiP-h to lobtlin r'enrlstik- ''' \t lies for it,', .,I illi .1),e Hl to 1 c1 i - pi

condititioins an1d cincrtirrtrls is 'reirirtP.

4.2 Model Results

.4. 2. 1 (; 1.N I.:1A I

S- Sm' ( r ii.e 1i ~- i :)r. vm ors :-lm- Iirl r eisianl I n'- r'' nn - !,.d

it) I :lotie [Ii ( I(b . allt I, I tw 157 20. tid i()ii n r i ' t _, Itnli'j ill tl-rrr ,I ! :- -

I)lrn otr ititinil ;irnhl it,r n-air 1.rttatlioTIS Lil t-' :1rL '.rrr- -:' 1A. ii I II,

irldirtiirr; n' thn' %\nrirrrS ' :'ire Ill,-tiil'' irr irle i-r!orri 1w. I -Ill I. h '

it.'ril-I-rr'. o l hI' -1 1(a), (1)), arl i-~o l'l -s r ci'i-N)

I ihe n i ll irr h 3 'iire- rld I nIr'' lit or

iiI S r ihi 2 0
- io itid , 10 I i i

-ic~ ~ ~ ~ I'2 'tin' 1, i .

I I for' I.X ~ I I., I frr (i1',e

01 Ill. f (. 5 f'or Il sptl'lies eXirlit u, i' i, id( If., 1).

1~IS'' P. I I tI t Il I 'I-les .Xti.lpt NiV i, ii i N Tl i ' i

l iii , ln I n L!( fl ri s - I ie st r I' t il lt' ,.c '"1111;2 I.Xn ('l -pNt 1ttrV''i Ni V . P '-

1 151.' . .(ltjIjv ntt tio (I5 i" . (I . i. ir'rVl.ttll



Table 3. Ratios of Species Concentrations at tile Sampling Point to tip Ambient,
(a) 15 km. (b) 20 km. and (c) 30 km (Wontd)

(a) 15 km

Case 1 11 11l I\ V VI \ 11 VIII

NO 0.995 0.737 0.919 0. 996 0. 996 0.736 0.919, 0. 996

NO 2  1.001 0.836 0.931 0.761 1.004 0.762 0. 9434 0.763

N(03  23.775 12. 535 21. 315 15.635 16. '52 16. 000 21. -90 15. 98

IIN()3  1.004 0.845 0. 937 0. 77:3 1.000 0. 771 0. !iA4 0. 771

11NO 4  1. 000 0. 848 0. 936 0. T76 0. 99 0. 778 0.35 0.

N2( 5  1 . 000 0. 854 0. 9:311) 0. 78 5 1. 090 0. T8i5 0. 93 0.

C 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 i. 000

I).) 1. 000 1. 000 1. 000 1. 000 1. 000 1 . 000 1. 000 1. 000

II )-0. -0. -0. -0. -0. -0. -0. -t.

t 2  1. 000 I. 000 1. 000 1. t0()0 1. 000 1.000 1. 000 1.00

t3 1. 000 0. 8317 0. 93 1 0). 1 6 1 1. 000 0. 01 6 1 (. 'Ali 1 0. 76

H({ 0. 1896 0. 242 t. 18 I 0 o. i 0. 9i-4 0. 166 0. 6t. ).

1I).) 1.252 0.955 1. 151 T 1.21 . ' 1. 21 o.

li2t2 1. 000 0. 825 0. 957 0. 740 1.0 0 .749 0. '2 t. T0 I

tt.) 1.000 0. 7 7 0. t'12 0. ot, . 00 06 ). 51 0. tOO

N 2 1. 000 1. 000 1. 000 0 1 .000 1. 000 1. 000 .t0

('I () N 1. 000 0. 152 0.37 0.T: A . t)tt 0. .1 0 A, 81.,

1CI 1. 000 0.112127 0. -0 1. 000 0. 750 0. 9 0. 2t50

C 1 12. 280 10. 130 1 1 0 i 1. 960 o. -24 0. 2- - 0. 3.03( 5 0. 122

(ii 0. 991 0. 00 1' 0 t). 0 0. 7.:, 0. 930 O -0:

II 0. 103 0. 084 0. 1-4 0. 7 0. I 1 (.077 0. ()) 0. O- T

I F(t'I 1. 000 0.1 8 0.12 3 0. 76" 1. 0001 0. 13: 0. 02 0.

I1 1. 000 1. 000 1. 000 1. 00t 1. 00 1. 000 1. 00 1 . 000

I
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Il) . lhA. d, et . 'SI 'U . ('ollentrati' mt- at the Samplinf Point to the Ambient,
(a) 15 kii, (0) 20 kni. and () :30 kin (Cmid)

(1)) 20 kil
Spa'oilsI' * 1i~ () 2 i II Ill I\ \ \ \ II \ 11I

9! . 1 0.5 1 0. 834 0. 993 0. 994 0.517 0. 834 0. 9 3

V ., 1. 005 0. 554 0. 859 0.555 1. 002 0. 553 0. 857 0.554

2. 158 1. 056 1.77,5 1. 041 1. 2075 0. 897 1. 1 09 .69

lIntI 1.000 0. 570 0.862 0.570 1. 000 0. 570 0. 862 0.570

I I()-I 1.000 0. 580 0.866 0.580 1. 000 0.580 0.866 0.580

N_2 (5 1.000 0.592 0. 871 0.592 1.000 0.592 0.86C 0.592

('ii 1.000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000

ii)2 1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 1.000

}-0. 0{. -0. -0. -0. -0. -0. -0.

1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

(, 1. 000 0. 554 0. 856 0. 554 1. 000 0. 554 0. 856 0. 554

I( 1. 124 0.512 0.912 0.540 0.965 0.446 0.778 0.447

t()2  0.968 0.515 0. 819 0.510 1.003 0.530 0.848 0.530

I I.) 1.000 -. 530 0.846 0.530 1.000 0.530 0.846 0.530

1I 2 1.000 0.471 0.1820 0.471 1.000 0.471 0.820 0.471

x 2  1.000 1. 000 1. 000 1.000 1.000 1. 000 1.000 1.000

('Il()N{2  1 000 0.588 0. 869 0.588 1.000 0.588 0.869 0.588

[{ii 1.000 -. 536 0. 848 0.536 1. 000 0. 536 0. 84B 0. 536

U' 14.907 7.845 12. 582 14.430 0.622 0. 328 0. 526 0.604

(1 0.996 0.557 0.854 0.555 1.000 0.558 0.857 0.558

It 0.007 0. 003 0.006 0.004 0.006 0. 003 0. 005 n 003

I (1( 1 1.000 0.560 0.858 0.560 1.000 0.560 0.858 0.560

112 1.000 1.000 1.000 1.000 1. 000 1. 000 1.000 1.000

25
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30

1,:*,, 1 II Ill I\\\{ I I 11 III

\I 0.0'1 0.012 0. 259 0.1395 0. 0.81 0.006 0. 25' 0. 006

, 1.010 0. o 0 £. 346 0.00 1. 004 0. 010 0. 206 0. 010

VI i.13,1 0.023 0.429 0.013 I. 117 0.01:3 0.34!, 0.01 3

1lXt. .000 0.022 0.365 0.013 1. 000 0.0113 0.316 0.013

I\i 4  . 000 0. 025 0.77 0.015 1. 000 0, 015 0. 327 0.015

1.000 0. 028 0. 2 1 0.01 1.000 0.017 0.341 0.017

1 .000 1. 000 1. 000 1.000 1.000 1. 000 1. 000 1.000

1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

S- .- . -0. -0. -0. -0. -0. -0.

, 1.000 1. 000 1.000 1.00 00 1. 000 1. 000 1.000 1.000

S1.00) 0. 01; 0. 3418 0.010 1.000 0.012 0.298 0.010

1111 1.015 0. 000 0.25 0.003: 0.!31 0.002 0. 199 0.003

IIl. 0.:':I 0.01!) 0.I )17 0.007 1. 001 0.007 0.271 0. 007

IlI 1.000 0. 014 0. 321 0.007 1. 000 0. 007 0. 273 0. 007

II. I I.t0111) 0. 006 0. 210 0. 003 1. 000 0. 003 0. 214 0. 003

S1I . 00 0 1000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000

('I( ).) 1.000 0.027 0. :1117 0.016 1.000 0.016 0.3'37 0.016

[11'1 1.000 0. 014 0.:27 0.008 1. 000 0.008 0.278 0.00

C'1 0. 03) -0. 0. 009 0. 005 0. 005 -0 0. 002 0. 010

(1() 1.042 0.020 0.368 0.011 1.043 0.014 0.316 0.011

I1 0. 806 0. 004 0. 204 0. 004 0. 7134 0. 002 0. 156 0. 002

11( )('1 1.005 0.020 0. 355 0.011 1.004 0.011 0.305 0.011

It 2  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Table -4. NO/NO X for the Eight Computati)nal Cases in Table 3,
(a) 15 kin. (b) 20 km, and (c) 30 km

(a) 15 km

Wltio Ambient 1 11 11

NH N)) 0.417 0.300 0.274 0. 2,98 0.359
x

N()- NO.)) 0.417 0.415 0.386 0.414 0.483

N)'No), 0.714 0. 10 0.630 0.705 0. 935

Ambient \ 1 \ 11 \ 111

N()/.N) 0. 027 0. 027 0.026 0. 027 0. 035
x

NH:( )- NH0 C.500 0.498 0.491 0.4!16 0.5(6
2

N( ) 1. 000 0. 992 0. .966 0. 9 4 1. :3 05

(b) 20 ,

Ratio Ambient i II Ill 1\

(atl

No NO( 0. 181 0. 180 0. 169 0. 177 0. 281
x

N (No- N)1 0. 358 0. 55 0. 342 0. 351 0.500

NO'N 2  0.558 0.550 0.521 0.542 0. 9

Ambient \ \I \ I1 \ Ih21

NO/NO 0. 014 0. 014 0.013 0. 014 0.0250X

NO/i(No() NHo 0. 250 0.248 0. 238 0. 245 0.374
2

NO/ NO,2  0. 333 0. 331 0. 312 0. 324 0. 597
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Table 4. NO(NO for the Eight Computational Cases in Table 3,
(a) 15 kil, (h) 0 ki, and (c) 30 km (Cntd)

(Q) 30 km

Hatio Ambient 1 11 111 IV

NO/No 0. 248 0. 244 0. 168 0. 195 0.967x

NO/(No(+ No).,) 0. 345 0. 339 0. 260 0. 283 0. 981

NO/ N0,2  0.528 0.513 0. 352 0.395 0.525

Ambient V \ I \ II \ III

NO0/NO0 (a0 0.080 0.079 0.042 0.068 0.880x

NO/(NO+ NO)2 1 0. 167 0. 164 0. 107 0. 149 0. P52

Nt)/,N ()2  0. 200 0. 195 0. 120 0. 175 19. 920

( NO is !aken as NO /(NO - N ).) NO.3  • [t 3  ' I\NO(4  2N.)( 5)

Cases I and \ in Tables 3 and 4 show the effects of the homogeneous gas ph,.s.

reactions only; that is, no heterogeneous wall loss for any of the species df" 0).

Tit, behavior of species in the sampling tube in these two cases is, for the most

part, predictable. Due to the relatively short average residence time of the sampled

core t0. 76 sec at 15 and 20 ki, and 1. 14 sec at 30 kmr, oniy those reactions with

time constants comparable to or less than the residence time have anY appre-

ciable effect. Consequently, the most dramatic change in the ambient composition

is the rapid decrease of ) atom concentration upon sampling, due to reaction 25

(see Table 1). The half-life of 0 in the sampling tube due to this reaction varies

from 1. 7 '- 10 - 4 see at 15 km to 0.024 see at 30 ki. The time scales of most of

the other reactions listed in Tible I are significantly greater.

At 15 ki, where diffusional losses to the sampling tube wall are relatively

unimportant, the ambient composition is not seriously altered under almost any set

of assumptions regarding wall loss 'f" values (see Table 3a), especially with re-

spect to those species related to the oxides of nitrogen. This is also reflected in

the fact that the NO/N() ratios in Table 4a remain relatively constant for the eightx

computational cases considered. At 20 km (Tables 3b and 4b), the potential effect

of diffusional losses to the tube wall becomes evident, and at 30 km (Tables 3c and

4c the effect can be quite severe. However, the relatively small sensitivity of the

absolute extent of wall loss to species identity shows that the VariatiM in di ffusiv itv

among species is clearly a second order effect. Also, as shown by Cases I and \

If = 0) in Tables 3a, 3b, 3c, the homogeneous gas phase chemistry in the samplinkj

tube is generally incapable of appreciably altering the sampled composition from

that in the ambient; the residence times are simply tot) short.
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Of the species examined, ,No and CI exhibit large increases in concentration

as a result of the homogeneous gas phase chemnistry. NO. is observed to increase
3

appreciably in Tables 3a and 3b dlue to production fromt NO 2 oxidation by ozone

(that is, reaction 6 in Table 1). However, NO03 is also rapidlY consumned by No
(that is, reaction 7 in Table 1). Thus the ratio,

k6 1~0 2 k2\o7-

controls the behavior of No 3 in the samplink, tube due to homogeneous gas phase

chemnist 'v. In addition, as shown in Table 3e, the. No 3 concentrwtior, can be

severely affected by heterogeneous wall loss, to the point where production by. V ) 2
oxidation is completelY overo rwhelmed, suchi that No 3 decrceases monotunicAllvA -ith

progress through the flow tube. I n a n.% Cas1:e , the Nt) 3 behaivior should not f~v e an%-
appreciable effect on the total Nt x anual\ es, due to its rel..tivelv lo%% expected

concentration.

The behavior of (A is somewh-Ia nlg to tha t of NO~Aan esl f-Onj

Table 3a, in Case I the (tI concent rth 'n iic tea se by ibout ai factor .ftele

while for Case \ it aictually v(et, rea aka by\ opproxiiia:tek\ t.o-thirds. i ron, tile

legend of Table 3, the oril% c iffo Fence betwen i se I andl 1 is tile mabo lute alea

of the ambient concentr ations a asuined for N ).-nd N.I ( )hviouslY, in tase 1, C

increases due to the reaction of t('I vwith N( ) (tO is, * ection 4 in Ta~l li; Jiul

in Case kV, CI dec reases due to the reac-tion of ( I ith k1 that is, rue ction 2-0 in

Taible 1). Thus, the pinarY result of w.hether ('I inc re:,e ac dccr e duriing

passage in the sampling table depends on the ratio:

k4 fN ClI ]T
k9 0 RI t2t

A t 20 kmi the effect is qua lita tic 1Y the same ais for 15 m.At 30 km, howoever, tI

decrceases n~onotonicallY from the ambient for both i. ases t ,nd \ .The pricm arc

difference ait :30 kmi is that the hete rogeneous wall loss be omes significant enoug h

to eve rcorne UI production via rea clion 4, for the, NH concont ratioins aS SUn-Ied.

This sensitive behaivior of CI suggests ain irite resting, txoC rinu.ental1 approaoch

for either N() inca surements or the assesnent of lietet-ogeneous w: I loss rAtea.

A ecurzate values of the rate Oons;t~nan isocmnts 111) I unc tion of1 distoce

in :-i samipling tube unsingv resonaince fluorcso en, (, for eaolIcould be used to

determiiine either, know ing som-ething about the tlwrc.

i2t
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4.2.2 NO /HN()

As concluded in the preceding section, and as is evident upon comparison of

the three different NO/NO ratios for Cases I and V with their respe:tive ambient
x

values (that is, the ratios determined from the ambient concentrations assumed at

the mouth of the sampling tube) in Tables 4a, 4b. and 4,,, ine homogeneous gas

phase chemistry in the sampling tube is incapable of apprP,.iablv altering the

NO I -tNO sample composition. Thus., the :)nlv manner in whi:'h 1he sampling tube
x a

can affect the sampled ambient com p,)sitim is % ia beter'wh'neoms intlera, ''ms with

the tube wall. If this is the case, then the m01 st severe etlects .11 s;ample I , m-np )si

ti.n should )ccor a! the highest altitudes where the ra tiat diffusivities are greatest.

Examination of the 30 km results pre-sented in Table 4,-, reveals that -f" the cases

studied, only I\ and VIII result in appreciable alteration of the three No, No) ratiosx

from the ambient. Reference to the legend in Table 4 reveals that in these cases

No is assumed not to be lost at the wall (that is, f=0), while all the other NO) /IIN(
x x

species are assigned f= 1. As discussed in Section 4. 1, this scenario is not totally

unreasonable in view of what is known about the behavior of these species, and

would explain significant relative enhancement of Nt) over all the other N) ,tIN()X x

species, as compared to ambient values. However, in order for this behavior to be

predominant in the sampling tube, the magnitude of its effect must increase with

altitude, and this is at variance with the data.

In general, the AFGL stratospheric NO and NO, mixing! ratios, determinel by

Gallagher et at, seem to be slightly lower than some other experimental observa-

tions at high altitudes, and slightly greater at low attitudes. The fact that the

abs)lute values are of the same order of magnitude as th)se determined bv other

researchers with different experimental techniques, indicates that severe wall

losses of NO and NO 2 at high altitudes, as exemplified by C ase., 11 and \ I in

Tables 3a, 3b, and 3c (that is. for f - ), are improbable. Also, the severe dis -

crimination against NO x in comparison to NO. as exemplified bv Cases IV and VIII

in Table 3c (30 km., f 1) for NO /HNO and f 0 for NO), seems to be .lust a ini -
x

probable. However, a comparison of 'averaged" 30 km values reveals that the

AFGL results are roughly one-third of some o)f the other experimental results.

Thus, if heterogeneous wall loss in the sampling tube was the sole course of this

discrepancy, then an overall average value of f- 0. 5 wall loss (that is, Cases III

and VII in Table 3c) would explain the results relatively well. If this assumption

applied at 20 km, the sampled NO and NO 2 values would be 83 and 86 percent re-

spectively, of the ambient values (that is, Cases III and VII in Table 3 ), which

would place them in approximate agreement with other experimental

19. Gallagher, C. C. , Forsberg, C. A. , and Pieri, H. V. (19)83) Stratospheric
N 20 CF2 Cl and CFCI3 composition studies utilizing in situ cryogenic

whole air sampling methods, .). Geophys. lIes. 88:3798.
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observations (issuming, of course, that the other observations have no inherent

experimental bias with respect to sampled vs ambient values). [he actual cise,

hovever, is that the A"GI. 20 km data are approximately a factor of two to three

times greater than other experimental values.

Thus, there seems to be no consistent pattern in the AI.'* No and N()2 results

that unequivocallv implicate heterogeneous wall interactions as the primary factor

contributing to experimental bias introduced by the sampling tube of the crvogenic

whle air sampier. ilowever, there remain same more spctculative possibilities

that seem to be consistent with both significrant heterogeneous effects and the ob-

served data. For example, there is the possibility that the lower altitude data,

which are relativelv free of wall effects, are, therefore, more accurate representa-

lions of ambient values. In this case, the higher altitude data might be significantly

affected by wall loss, and thus be biased towards lower values. (;allagher et a12 0

present some results of a more recent two-dimensional stratospheric model pre-

diction (Sze et a 21) that seem to suggest this behavio)r; that is, the model predicts

higher NO and NO,) values than the AFG1. data at high altitudes. (Hofwever, it also

predicts lower values than the AFIL data at low altitudes. ) Of course, if this

scenario had any validity, this would imply that other experimental measurements

are, in effect, too low. However, this possibilitv is not totally inconceivable,

given possible experimental biases inherent in the o)ther techniques, and natural

local and temporal variations of NO and NO mixing ratios; either or both o)f whichx

can account for the lower values observed.

Another possibility that is, in a sense, the inverse of the preceding one, and

which also seems consistent with the known data, focuses on the operational charac-

teristics o the balloon-borne cryogenic whole air sampler. Essentially, all the

,rvogenic whole air samples were taken on the descent leg of the balloon flight in

rder to avoid contamination from outgassing of the balloon and gondola. However,

this procedure exposes the sampling tube wall, at relatively low temperatures, to

the highest ambient concentrations of NO and NO 2 at high altitude prior to collection

of the samples. Exposure at high altitudes occurs for enough time at conditions of

high radial flux, due both to high radial diffusivities and high ambient mixing ratios,

to accumitlate significant amounts of NO x/ HNO x , and even NO, if the actual capture

coefficients are appreciable. The descent of the balloon to lower attitudes creates

an unsteady-state situation with respect to wall accumulation due to decreased

20. G;allagher, C. C. , lorsberg, C. A. , -'ieri, R. V. , and F'aucher, (;. A. (1983a)
Oxides of Nitrogen Content of Whole Air Samples Obtained at Altitudes
F m 12 to 30 km, submitted for publication.

21. Sze, N. I). , K , M. K. V. , livshits, M. , Wang, V. C.. and Rvan, P. B. (1982)
A Research Program for Atmospheric Chemistry, Radiation and Dynamics,
A PU l-TR82I 2 AD A 104Ui.
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radial fluxes of NO X/ HNO xfrom the gas phase as a result of both lower mixing

ratios and lower radial rliffusivities. For example. NO andl NO 2 radial wall fluxes

near the sampling tube mouth, estimated from Eq. (19) (that is, for f= 1) using

ambient mixing ratios from F abian et a[, 15at the three altitudes considere,1 here are:

ALtit ide N(NO) N(-NO 2 )

(kni) (i'm S,-l -2n -le(

:30 1i. 2 10 W 6 2 10'

20 1. 2 < 1)" 3.4 1010

15 5 . :i x 10 4.87 10

As the w all flux of these ,;p(,cis fro' the p!as oiha.e lecrea.ses ilur luL des ,,it. sor i-

if the accrulatel NO) xIINOI rr ill tendi to evanoar~t-+ 'Lue ip ireveai lionL urslteali -

4tato s;ituation -reuted, thereliv riutrI a net 1lu11 X ti'!. Ir the1P ar- Dl~ ;

that is, the tube watllse,, iv 'Irje uiis eft 'Aoll ted ~t) 10ros titp NO

anl NO)., vziliies 'ixi-rhu in the aro biprit or- al1 loer aIltilluies, Arnir tire'lts

oi! aI oarti-itar fli Plt unrtil the-il at,, r ulatio)n has, hf-wn strrantx issna

This4 ixriothes is roialitail v xlins sir' e i tile Wtlct ittisj.

he AFGL Jat. luist W(it ll, due to the exrr e I low. tribe - all tet.-ioerttutes seeo(

Sectioni -1. 3), thre il(t elfr,Irr *r-! the( wals t lot lt~tu i,- a null he eaii

lo.This loed ter ) 'o atitit or)t 'hepn absolrijte Ifeets .t~tt

C)arid0NC) r'ixitru, Iaio lteriiinr-i li the \1 (;1 !, -isrr'ett.o h i

thentiriqits .Anita nal mtionl ) thre AICI I 1it i !el'hat Alth'tutih t0e'N

%aLueS e'Xhibit a1 *Ir'rii-Wl %%i irrlee~it alti trude, hi lotil NC) No., sa4lt ii-'

rr-r',rrkalx -unna i aCurlrtii it iti'tile otlaii a 20 -1 liis c.- it ti

ijuv.-i ol st !,i Ni) ti NO) ill trsir ha ,i in iii tr ( ril %iall a r i!;-, th

nell-known stoi-liintr (for -xni ee- Chtilton

NC) NO, - II ,() -- 211 NO,.) ii2

lth'' i i rs idI, 11 hi I - rt.-tall i th'. a 1,s.- t r Irlent ii- 'Wt :i Is o

lesitrittin~zj itltrti 'i ui'irtI to 1:,. (2-5t:

22. t'rilti, 1.11. t 81Strnia \%;ater. Nitii Aid: Sik s '~ s0

~niana ure atn I 8 tT T~TT 1 87 A~ 32n



The net effect of [t,'qs. (29) and (25) is:

HNO 2 NO 2 _ HNO NO UNO

rreduction of NO., to NO onl a one -br -one basis. 'I hIS , although NO) woul

decrease, the total NO ,NO., would retiiain relat iveiv constant, Sinte( NO,, IS

produced at thle expense (if NO.

As a rough, or-der -of -magnitude estimiate of s uch a process, ASSumef that hV.

xv hateve r cieohaniset, the tube wvails become saturated wvith NO,) at 30) xii -tie It

tire -sam ph ng exposure. Uponi descent to 20 km.I thle uns,,teady -state- situatil cfiii ate

ther-eby, would produce a net flux into the gas phase of approximately

(6. 2 K 10 -3. 4 It) B = 5. 86 -109 cm1)- soe 1. For a tube "all suifaco area )I

600 ccm~ t 7. 6 'it) 1. 43 10 4 ( n,2. thle not molecular f'liox into the a n IIlis

would lbe 8. 4 10 ietls s- . Using a mixing! ratio )1t 3 11) it2

(Fabian ot al 151 ,I th ip ilier delti Itv anl I % 1Mltinx'ri flow Iat' III tile saxiiliiL

Tthe, t lie tal rIIi lox 0t NO., lliirei thlese cote litinsl- bxil le:

-10 II8 1:3 .4 - )3

nurse, thle 'stilmated motgAssitig, rate' I. .4 10" li il Hil' 11 1ii t 1

dec rease xx ith time-, its iiistxiiitiii'')IuS lu ;li'~ji in .11 1,1-' :i')i'

nt-flight opetatititi tactotrs anld tube wat '~isi''li~it.a mi itx! 1.') )w-.'

stant iixet thle entir'e saiiln ile Leititli xiS isiinux', 'i this' '-Iii a iY c

mnate vau.Nevertheless, the obvimus in plrat til t) if (ii'sSt 'it, i' Ih it the' wit

gassing i'~t can be of the sanie orde r-of-ntaignituide is the( sujjIt, pli iii l:it

the rebv lending some credence to this li~liitheii'1.

Ilhis ''outgassing'' livpiitliesis mlax alsi hi. iiiissti'iit wNith tleA .\tI. iv

Samlter idata on nitrous oxide (N.,O) antd ljliiii'boiiii 11 mid 12 i la], t

These species are' known to lie stable ai their litixitij. rattios -le(-c'- v, th t

in the St ratosphiere. Thtus, thI-'e (Xji'cte'd )If-o thle I tuie xxxi] , 'tsj't-i xitt. 9,

pre'ei hog, Would lie qualitatix cv quite' lfien At hii-lt Iltitili'sli Ill(. it!

flux wilu tend to dec-rease with altitiude. it'im"atilv 'liii' ii'wii t uu x

rat i s. Ther'efiore, the satilpliriv' tutu' xxxll %ud xviiiill ~ l 'x~'e.. iiil,-inL xili i:-

luiit descent. wich i'fte *-]ielx itlliit iutgalSSirue,. ' tits, f'tI itS, nI - i If

'lie inilv poss ible role o' the( tube. waIll is a)s Z artxismohiit. wi kiixhxii 11 x ill i toll i

'iideres sniplei cinipi)SitionlS front tlttiSi ill tile at'liiit at1 hutalt ilitudli x'.1. 1iif,

-aihizil iffrusivities aie large. Althiuxihi11 t11is trend i s ixiilit Ilile at ieiitilp~l"W- I

liV (alitaLghei' et al 19for 'N"y) ant'i I luiio-a-hoiris I tIan) 1-1, xle 'it-a iwt)

siitl iie c le proifiles (that i. giiiI a t-u,, e ii a1 e t M buso t ItiIll' I- s %% ItlII ti I' sIIttL

short- fall Lit higher, altitiides), it is b% ni) means untequivocal sinti l. lata ls: )i xx

i'xti-l'rxi'v giiiii agrile('(t with othier. Ilel piredictioini, (se, GCi llIlet et ;it i.
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Of course, there are both in-flight andi laboratory 1)rocedlur(' andI experinments

that can be utilized to investigate this hypothesis and itF potential imipact further:-

for example, sampling simulation experinilents thrfough a flow tube in thle laboratorv:

in -flight ope rational changes such as intermittent thermial lesorption or wall Aepto.-i Is

and re -equilibration prior to -anipling, aoli/or sampling at lower altituides fiest lot,

NO x; and so on. However, the feasibility of carrying out any of these efforts triust

be evaluated within the context of current and projected activity of the sam plirig

program.

I- addition to the two precedin r scena rio~s invo lvi ng the poss ibhie elfe I a of

heterogeneous phenomena at the sampling tube walls on the total crYogenic samrple

co. iposition, there are probably others that can be formiulated as well that a ic in

qualitative agreement with the known data. %\ ithouit additional expecimnental evident
regarding the precise nature of the processes alt the tube wall, howeveri, these 10 1st

remain conjectures only.

4.3 Effect of Tube Wall Temperature

In 'or Sider'ingl factors that could Siinilf'iAM kv htnge the rnt c i 11 AI,'

constant values assumied, the( possibility of radiativye solar o' atif_, ! if he Kiv, iv

sample tubing was examined . Aitholugh i tempei'atii l m uet t ' h

samipling, tubing were made dire'tlv, bioth thle air r'pe ra-til'c n thi' 'Kli'

su1racWe temperature of the TIRIW.-S unit (at a point n'livieto 'en 0te ',m iiin

bottomn) were recorded. This surface tentpe rature s4hod I he rmihiv ~niir
the sampling tullhe wall temlperature. As sh'mn in fable 5, l~themnntl'

enees between the sturface and air kwere hotit W15lve(iC' r, Jrl

nefgative m i~ ,oaxinmum). Ihes;( iiflereiwes in, t(,!-peralule shull niot l1wIe

enioughl to cause any serioll.s nelrease lot' Ie, rce~i4 ill a1ir . p ten,, pelim ue Anc

to heat transfer thrjough hie wall of thle sall'plirir. tvlilnu. All\ estil it(' ,I the( 1)tell

miag~nitude of this etlrect follow.

Assutni ug a constatnt tube a alltenleaue 'I itt cuell cro1 01 thle

s;ample.I air is:

2h hYl avCI 11 -TIl I

Note adled in proof: Sin-e this retort was. %% titten. ; a 101111 lit lii kl_'-~iT'
the sanme saniplir tube wkas fitted %%itlt tterris.tot's; plac ' ;it taliltsu loctioll Ind.
f'lown in the toawer stratosphere. '11W na ZxinuTr 111'taie ter peraill'otl'21~
the 18-13 kmI sampling range, w as -IT'('i. ,I'hlts. h1tl illol 'ollct15-io115
Zirrivel at in this report are stiIp(IorteI., 1l 1,i ii Ii. no'v i11tnl cI'tlt\tt
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I liijIT.1 I It! T.;I~ ~ ltleea f~ e (T til t0 Ial K

IT iv1i111 1 1 1kt II I I i t I I i I 11 i li c TaIhe saithe PITI ~e aIt, lj

it r I ,. %I AI ., 11 'SI,

fl, -,l I it i 1i t I 1 v T it i I r, 1 : i 1I

I, N1 55l toTmiT11I (2)11 'k 1k the rl!al cofluctivjtv Il atir) kw lr.inaT4 tu,! I,

aith wiITt;It I All t'l)ieTri)Tl is kell kn1111 ti (O'r e.caT III[, s- IllT-11 (t al:), 0.4T6)

VIrt Tw TI.' savlTI2iltituilis I-ITsiTeT'el Ilre aTl~i tile l coa -aitill i S-

-\"Itittile N i

-2-

2018 67 10 . 1. 6-4 -4. 5 2. .,:1 10

3)1 1. 7:i* 10 0). 22-4 3 . 8 2. .17 *.10

lhih~ . Alvpwa) sairllr \ir-'I cl)eT'AtU" l);Ila

1 21 8? 1 10-12 1 .1 65 ))) -29 3 1

131)) 47.,500 -49 -45 -1

14 10 :m1, 0300 - 43 -30 8.-

GIi -1 I) I124I 6. 600 - a10-

5 8 01) 66 6))-2 -2101

12:,, -1!1, 3100i -4'' -401

25:1 411. 14(0 -6 -21)

i4 2 - 4 4 0 5I ,li1 rt - *l. :ili I fi,.172 3 i 1 '1 10 1 A V~T ar I
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I I at i ~s I ,he I11 aiieltt': t:iavert ag_,e. Si )s t it iit iuri i it f Ir 1  (31) vields-

1. 1*I t '2 2

22

hor vie t .11 h %k I) s ing tile e'Xtrlee Values' ot tile ten'per'tnIe I i Edrre

ill 'Ive in lhfc 7, con-'ether w, ith tile hasti rlcita liner 'Sect ion 2

p (heated va1l; 11a'x, - l (roole'l wvall: TPa'. -"

5S 0. 020 0. l5 -0. ill

20 0. 0:317 0.0 -0.:1

:10 0. 026 1. 62 - 1. 1

Xnother miethod n asesin the n-agnitndt- of -- e heat transfer effect is, to

e Stimlate tin( tuhe %% all teprtrcqiri t to increase the air sam.-ple tee eeia -

lure liv 10K:.

Attitude XX all Iet,,peritire lleeftiri
re to Heat AXir sampn 101'. -Il Above Ai- 1!1 it

K) (KI

15 72 1.6 t448, 50  505.

20 492. (2 1B.08 ( 275.4

:30 280. (7 . 3 0 CI49. 2

'Ihsl. -veil atj '0 km.' there is tin reason to suspect ant air sam ple teniperattirle

nras. (or *leetreven aipproaching 10K; that is, the 41. 2K teninerattire .11fet -

retniil is signIifi- arttv greater than the 11K or so siisneoted. The coninu-

s ioe oI this irial1vsrsz is that thle e'fet 1! tempeIa)''tntle onl pr-ese ithinl the samplig

l~,is no ph-telv nliil.Inl adlit ion, shnce the tuhe walt tempe-ratures are

-xpectel to he kit her 10K ni ambieuit, heterogenentis interactions should also rOCCur

a0 annlroxim'atelv aerIerlmit tern peratures.

5. SUMMARY AND) CONCLUSIONS

A niume rical in, ee oh' a san:p11 nL tube used to eoniuct stratos pherice air to the

s ampling point 0 a balloon -borne, rrvogeni r whole air sampler, has been developed

[tie e Fleet of altitude is re flected by the ratio, l3. Both thle heat t ratnsfer cone fficient,
ht. aInd thle mass 1lowA inl thle s Alph ng tube, WN, decrease with altitude; how-ve r. h
nIE~teases; more slowly than V
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in order to assess the potential effects of passage through the tube on alteration of

.pecies mixing ratios from those in the ambient. 'Ibis model is based on the applica-

lion of a general purpose. honmogeneous, multireaction chemic!al kinetics Ode

ICHEMASE-:N to a :31 reaction (49 reaction with heterogeneous wall loss), 23 species

(42 species with adisorbedt or ''lost' constituents)I stratos pheri( kinetic mrodlI

modified to take into account heterogeneous inrte ractions with the tube woall.I- lss se i -

tia-l lv, the heterogeneous toss rates dUC( to radial diffusioin were trans formn:ed into

equivalent pseudo -homogene-ous reactions. T1his tech nique exploits tihe di fferp-e-

in time sc-ales or- raidial li ffusion and co)nvection in the t ho ube. tIhe re -

suttant modl represents a useful general tool for estim:ati ng the potentiat absolute

and re lativxe e ffects of the tube walt andi homogeneio us chemic al reactions in alteriou

the composition of complex flowvingl and reacting m:ixtu res in atriospheri c or I abora -

torv applications.

T he e ffe cts of the hon:ogeneous gas phase chemist rv ant hetero-neneouis w all

loss were estimratedI at three fi ffe rent altitudes-. 15. 20, and U0 kmi. It xx as foundl

that the -,as phasef chen:istry a-as g enerallv incapable or appreciably alter-ing tire

Sam pled corn position fr-om that in the ambbient. This result is prima ri lv (line to the

s h' rt ave rage restidence- tim:e in the san:pitnL, tube. On the other han i, ic pendinri

n the pariti cular set of assum ptions used, hete rogeneous wkall toss -, as ((tin

apable of impos;ing s igni tic ant alterCat ions on the sam-plec o1aas coinposition, part i -

-ularly at altitmudes above about 20 km., tue to f'ast radiat diffus inn. The tube a-all

tenmpe ratu re was shown to have a con:p1 ltv neligible c ffe ct on the bonnogenous

gas phase kinetic.

Currently, -lefinitive (qsit itatiye assessments (f the in: pact (if the hete rogLencotra

nte rac-t tols at the tube watt orn the(- finalI s an: p~e I (--posit ion arc, tram cd tItI La( -k

If knowle. tue (On-e Coinu thre precise nrature W ( tire I-on: plcx processes (ot alt till s(

possible) that actually oc(01 ton a siugnificant e-xtent at stratosphreii coitton5 Lint

oonllpos;itions. In this reg~ard, the bethavior Cof thle tnbe %N all wkith res pent to anv~

sgle species niav range( fron. that of ai simple sink (o" va eying4 effe,-tix-eness , :is

reflected by the capturCe -inieffi (tent, to th(at of a cor11:plIcx lb rot:atog -apthic chlen: cat

-Catto . Ifowev-cr-, two scoari os invoV( vi or Ilete roge neous %%aIl fm-i t-c w-ere -T

ges tell that at least qjualitative lv explatin soime trendls observed ill cot::parr SonS of

% a rrous othe-r data ant tmodlt preictl iions %% til the A I-G L cryriorn mlr dta. The

o ttuassinfrig hvpothesi s in oarl ita r, wirereby N\O, specoies I-nlle- tel at hiL~ ;01ati -

rudoncs oulid be releasedl at looker- altiturdes, seem~s ldeser\-iLg of' further strilic

In -01Cto in prove( qruantitativ-e Ortitite techrniqrue for the effe ts., of samolinul

network walls on sanm.rled tnor: positions-, g!md exporii::ctal data dr-o-ne td to) be

use('l tn lo1tlion with a prac-tic-al tnunmerical mod)lel. ll his report provtltes an

approac-h sri-I tire vtviients4 of anriappropriate tmodiel. Howxceier, tire c ontrol Iinrig

lieteroLgeneotis phvsi-ni-lretl-uaI pi-(o-es fov-sr-e of inte'rest at s4trstosrrher-i
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conditions remain to be unequivoc ally identified. Once this information is available,

accurate parameter- values c-an be experimentally determined for the model. In

this regard, a chromatographic approach involving stimulus -response transient

techniques is sugge sted and recomm ended.
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Appendix A

Newton's Method Solution for cv, (Eq. (23)]

Application of Newton's method to find the roots of Eq. (23) can be expressed

as:

011iQ+1) = t I) W g ((Ai) i(i)
) A

where (i) represents the current estimate for, a I ga i
( i )) is the value of the function,

f
2 

D ) z 2 
(A2)

( = 7- - a
){! | (CV ( I1)1 2l) I

and g(a I D is the derivative of g (I W

-[at ii) 12 1)- I /2l< ,i -d /l

g Yi) 2 251 25D o 31

g a 12" L I It

wherein the arguments of all the Bessel functions are (a till 12 D-I 2.10.

Iterative application of Eq. (Al) to convergence, using some predetermined

criterion, will yield the value of a I for the parameters f. d, and H.
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Appendix B

Subroutine KPRIME

SLBRCUT1NE KPRiME ..74 FII- N 4.tq.5'k

5LBROi TINE AF.4IME (AA,BB.EE.WT,
REAL MPA,J I
DATA E;'I "I .OE-4'
DATA t,P/'0.0.O.0,'

5 C

IF(TT .GE. 0.01 RETURN
C

IF 18'3 NE. 0.) T=EB

10 IF (EF NF. 0.) P=EE
IF 17 NE. 0. AND. P .NE . 0. 1 GO TO 10

PR INT *T~ %T., P. "P
ST7OP I

10 F=A85I AA)

20 IF (F IT. 1.) GO TO 20

C O To 1"9

20 IF (F .GT. 0.) GO TO 30

25 PPIMK-0.
Go TO 9q99

30 IF (F .GT, 0. .AND. F .LT. 1.) GO TO 40

PRINT -. F- .

30 ST 9P2
40 CONST-1.5/.I -2

I PASS-0

IPASS TPA;Sl1

bF SO='. A3 JO Pm.:r R

TOP(T.- DTTIO
4 0BT - 8f I -2 ) CN- D ) ( BS13

Y *z Q2- (13E'/AOLOI
45 GP-X3-1.0

A NE*%t D-1 G, GP
UELTA Abi (A'Ji.D-ANEW)

IF k(OF TA .LT. EPGI) GO TO 299

GO tO 201

299 P91511-ANEW

999 AA.PR[MK
-1 c;BazEE 0.0

PRlINT I0.wT.AA,8J.EE
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