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CORTRIEBUTIONS TO THE THEORY OF THE CONSTITUTION OF CLOUDS
By

Wellace E. Howell, Raymond Wexler, and Seymour Ereun

ABSTRACT

Stepwise integrations of drop growth from a specified representative
oloud of condeneation nuolel have baeén complated for three rates of cooling
embracing the renge of molst Ml._ahmsc ascent most important in nl.wd'.
formation, The results are presented and disocuseed briefly. They will be
used to gompute the oonstitution of a cloud under assumed distributicns of
vertical velooity,

FRoutine date on tne paysical conetitution of clouds at Mount Washingteon
for the first trimester of 1949 are presented, with brief remarks, .

1. PERSONNEL AND ADMINIS TRATION

#. Personnel, - Only ons change in the persomnel of the project was
made since the laet quarterly report. This was the appointment of

Mr. Roland J, Boucher, on April 11, 1943, as h, ogist,
ing the research staff in Cambridges,

Mr. Boucher obtained his metecrologloal training at the Massachusetts
Institute of Techmology, wiere he took an-M.8, degree in meteorology (1939},
after graduatiug with a FPh.B. degres from 8t. Michasl®s College (1936). He
wag research asecclate at M.I.T. and later at New York University until 1944,
when he was employed by the U. 8. Weathsr Bureau ap district forscaster im
the New England regiomal offilce,




Mr. Bouoher is especlally fltted by training and experience to under—
take ressarch on the relaticmship betwesn the physical comstitutlon of
olouds and the widsspread matsorologioal conditions that brimg about cloud
formation, This portion of the Cbeervatory's over-all progras has beenm
inactive sinoe October 1947, end becauss of Mr. Boucher's qualifications
an amsndment of the present comtract to_:noludo the work outlined abova,
without additional cost tn. the Government, has been requested.

b. Admipistration. = The execution of Comtract AF 28{099)-25 was
finally completed and & signed copy received on February 21, 1949, and a
change order eeuocun.g'a typopgraphical srror was received March k, 1949,
ﬁ:. Jamee K, Morrisom, the resident suditor assigned to Harverd University
by the U, B. Navy, was named auditor for the contract.

Qartain facilities at Mount Washingtom, comtroiled by Smith, Hinchman
& Orylls under contract to the Air Meterlel Oommand, were made available to
the Observatory on Pebruary 17, 1349, These were toe use of:

as Fhotographic dark room; Yankee Network Bullding:
bs Maonine shop to be wua by qualified mechanios only.

da mm}'
Transpertation on weassl during ascsnt and descent
of regularly echeduled runs.
In lieu of certain bedroom and operating apaoa. requasted by the
. Obeearvatory, substitute faoilities wers offersd on Maroh 29 that are not
suitable for our prospective use and were therefore declined, .

A oonfersnce was held on January 13 for the purpose of reviewing the
work of the first quarter end the plans for the future. The confersnce was
held at the office of the Geophysiocal Directorate of the Oasbridge Fleld
Btation and was attended by Ospt. A. 0. Trakewski, Dr. P. H. Wyokoff, and
Mr, €. E. Anderson of the Directorate, and Dr. W. E. Howell, Mr. R, Wexler,
and Mr. 8. Braun of the Observatory. The work as presented in the first
quarterly report was disousssd, and a plan was comourrad in looking toward
completion -o.'t stepwiso integrations during tne secend quarter, studiss of
eloud composition on the basis of them during the third, and correlation of
this study with those of Langmuir and others during the final quarter,
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I1. BCIENTIFIO RESULTS
COMPUTATIONS OF DROPLET GROWTH IN CLOUDS

In the Firat Quarterly Repoert, an analysie of the nuolel distributions
cbaerved in sea air by Woodoock (1949) was made, and & repreeentative
distributicn wae arrived at by extrapolation of the mean of his data toward
smaller nuoiem sizes, In this report, thie distribution ie used for the
computations cf the growth of mucled to cloud drops, A msthod for computing
cloud growth bas been described by Howell (1949).

The number and eize of cloud drope depends on the maxlium super—
saturation reached in rising saturated atr ]  This maximm supersaturation
depends, in turn, on the vertical veloolty. By use of Howell's method,
computations for cloud growth are carried out for three different rates of
asoent: 3 om/sec, 30 omfesec, and 300 om/ssc, at & temparaturs of 0°0 and &
pressure of 500 mb, The vertical velcoltles are chosen to embrace the
range importent in cloud formation, and facilitate interpelation for actual
verticsl velooltles. . '

In Table I the subdivieion of the representative muoleus dietribution
utilized ror the three rates of ascent are tabulated, These eubdivisioms &re

TAELE I
NUCLEI DISTRIBUTIONS FCR CLOUD GROWTH COMPUTATIONS
Ial.eg w;ﬁ-;her!w l.lolu m‘u‘berf m’:ﬁ" w.;:wl!a'fon'
1 o~t 10 102 10 1071 10
B 2 e
o-1e 1 = . 2 2x1071]
sua‘l? 10 ~ 330 17,' 7.551071a 100
10 22073 170
7.551070 o s 1.5x0™ 2
Total L . 200 660

1 The supersaturation (8y) is defined by the equation -
Mt e ~
1 [}

where e 18 the saturated vapor pressure, and e' 18 the motual vapor pressure.
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chosen sccording to the supersaturations attained in the rising air, i.e.,
the faster the rate of asoent, the gr is the #up ation reached,
and hence, the greater is the number of nuclel activated. For example
only 47 moleifooc are activated at the low wertical velooity, whils

w60 nuolei/cc ars aotivated at the high veleoity. Marimum supsrsaturations
reached in these three rates of ascent are: 0,11%, 0,30%, and 0,76%,
respsctively.

Figuree 1 and 2 are the supersatursation and growth curves for the
intermediante (30U omfesc) ascent rate. In Figure 1, the supsrsaturation
rices to & maximum of 0.304 at 40 seconds (12 metars above the ocloud base),
falls socmewnat stesply to 0.14% st 90 seconds, and then slopes graduslly
at & logarithmically linear rate with time (on log-log paper, the slops of
supsTsaturation with tims 18 equal to -1/3), Figure 2 18 & plot of radius

growtn with time. From 20 to 90 seconds rapid growth cocurs; after 90 seconds,

gradusl growth and & narrowing of the size distribution takes piace. Thus,

at 100 esconds (30 meters above the cloud base), all radii lie between 3.0 and
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%.9 miorons, while at 1000 seconds (300 meters) they lie between 8,2 and
9.4 miorens. )

The growth ourvee differ acoording to the ﬁnlou welocity of the
saturated air. For the slow rate of ascent (3 om/sec), the peak super—
saturation of 0.11% 1s reacned at 175 seconds, After 500 seconds, the
#tage of graduel growth and marrowing @ize distribution takes Place, but
the dietribution 1s broader than at faster verticsl velocitlies: at 1000
ceconds (30 meters) the radius distribution is between 4.2 and 7.7 microns,
and at J.u,obo seconds (300 meters) it 42 between 10.8 and 147 microms.

For the 300 om/sec vertical velocity, & peak of 0.77% eupersaturation
18 reached in 10 seconds., After about 20 seconds the stage of slow growth
and nerrowing distribution is reached. This fast rate of ascent shows the
narrowest size distribution. At 100 seconds (300 metere) all radii 1lis
between 5.b and b,1 miorons.

Figure 3 is a plot of volume median radius vs, helght aveve the cloud
bese, for all three rates of asosnt. Figure 4 1s a plot of the modulus of -
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distrivution (h) againset height, assuming & Oaussian distribution for the
liguid water nmtmt.a A emall modulus signifies a narrow -d.i,st.rl.‘mxtim.
‘It may be seen from these two figures that sbove a heignt of thirty meters,
a slow rate of auu.:ent 1s associated with a relatively croad distribution and
a -iarg-e volume wedian redive.

Ligquid water contente in the cloud for all three experiments are.
approximatsly O.26 gﬁz’ at 150 meters, and 0.5E.gfl3 at 300 meters, sbove
the cloud bass.

FUTURE WORK:

The drop size distributions in clouds for the three different rates
of ascent have been computed. From the appearance of the curves of volumas
median radiue vs, height, and modulus of distribution ve, helght, 1t appears
pesaible to interpolate acourately the size distrivution in clouds for any
rate of ascent between 3 om/sec and 300 om/sec.

The 1iterature 1s being investigated to ascertain reasonsble
dlstributions of vertical velooltiss in clowds, 1t is them intendad to
compute the size distribution at various levels for those vertical .valnciti.al,
and to compare thess rﬂ.st_xl.wuum with observed drop size a.an.'




III. OLOUD DATA OBSERVATIONS

Obeervatioms of the llquid water content, mean effective drop slze,
and drop size distrioution in the olouds at Mount Washington were mads
during the first trimester of 1949 by the miltieylinder msthod by the
same procedure used heretofore at the Mount Washington Cbaervatory and.
desoribed in previcus publications, .

The period as & whole has been warmer than normal, aspecially at
the beginning. Coming &t the coldest part of the season, the warmth
inorsasad e.Ju amount of ioing by inoreasing the amount of water vapor
avallable, The 93 cloud date observations mads in January 1949 are the
‘greatest nunber made at the Cbservatory in any calendar month of record.
The drop diameter for emch of the thres months was close to the average
and the liquid water content elightly above average., However, the pericd
of ioing record contains two years that, by the fifteen—year record of
weather at the Observatory, are extraordinarily warm, sc oontrast with the
true mean may be greater.,

With the temperature more normal in March, Mm:.n!.;amng the normal
sgasonal trend, the similarity between the ifclng conditions for February
and March 1949 was striking. The values of drop éisze, liquid water oon‘ion‘;.
and ioing rate wers all within 1 to 3% of each other for the two months, as
indeed weres also the station pressure and wind epead,
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Mount Washington Observatory

DAILY CLOUD DATA SUMMARY, Sheet 2
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Mount Washington Obgervatory
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Mount Waehington Observatory

Cloud Deta Form 2b
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Mount Washington Observatory

DAILY CLOUD DATA SUMMARY, Sheet 1
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Mount Washington Observatory

DAILY CLOUD DATA SUMMARY,

Cloud Data Form 2a

Rev. 10/47
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Mount Washington Observatory . Cloud Data Form 2b
. DATLY CLOUD DATA SUMMARY, Sheet 2 Rev. 10/47
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DAILY CLOUD DATA SUMMARY, Sheet 1 Rev. 10/47
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Mount Washington Observatory . Cloud Deta Form 2a

DAILY CLOUD DATA EUMMARY, Sheet 1 B Rev. 10/47
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Mount Washington Obserwvatory
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DAILY CLOUD DATA SUMMARY, Sheet 2 Rev. 10/87
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Mount Washington Observatory
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Shest 1 Rev. 10/47
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. DAILY CLOUD DATA SUMMARY, Sheet 2 d Rev. 10/47
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Mount Washington Observatory Cloud Data Form 2a

DAILY CLOUD DATA SUMMARY, Sheet 1 Rev. 10/07
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Mount Washington Observatory - - Cloud Dets Form 2b
. DATLY CLOUD DATA SUMMARY, Sheet 2 Rev. 10/47
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Mount Washington Observatory
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Mount Washlngton Observatory

Cloud Dates Form 2a

DAILY CLOUD DATA SUMMARY, Sheet 1 Hev. 10/47
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Mount Washington Observatory Cloud Deta Form 2b
DAILY CLOUD DATA SUMMARY, Sheet 2 Rev. 10/47
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Mount Washington Observatory . ) Cloud Data Form 2b
DAILY CLOUD DATA SUMMARY, Sheet 2 Rev. 10747
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Mount Washington Observatory

Cloud Data Form 2a
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Mount Washington Observatory

Cloud Data Form No. 3

MONTHLY CLOUD DATA SUMMARY

Rev. 11/LB
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Nount Washington ODSErvatory

DAILY CLOUD DATA SUMMARY, Sheet
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Mount Washington Obaervatory Cloud Data Form 2h

DAILY CLOUD DATA SUMMARY, Sheet 2 Rev. 10/4T
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Mount Washington Observatory Cloud Deta Form 2a
DAILY CLOUD DATA SUMMARY, Sheet 1 Rev. 10/47

=
Lwi

| Lheck:

MStation: Nt. Washington
Obger H

tory. N

began

ended

Dates: agecy

(g/m3)

(Inches)
Effective drop
eye

(mb)
o
Type and Intst|

Enow confent o

liir (g/m3)

Snow xtal aize
Ligquld water

Melted water
Enow xt;

[Time

content

diameter (microns))
above cloud base
Type of Llee by

(m/see)
T |Pres.weath. l

Fress
Temp .

Wind direct

[remp. (®C)
y
3
8
5
e
-
o
o
]

Date
(Time

= | Station height (m)

-

o
&

Remarks

'&" |Drop size distribe

b..’
e
=]
<]

*,
5
W
W
I

b
3

QUOD| = lasn | 4ne

3
b

Lo R § [Wind specd 5
B

OO0 ~ut gy 7| s

b
3

@ 1000] -y lo e |alue

A
3
9

b

1300] —2 a0 |

5
3

1600| - loorlom |0 blos

1900 - 3laraly 3la8

QLO0| ~3 [#¢ 7 sl s T ok

Q00| =3 [ PPa 4 sd lad

o |AD00| <3| P80 e s 5toa

1300] -ok Prols | Foloa)

| 1600 | 02alen lume | e g p o wes | Rey

1900 . |Prlar [nadluwr| s ol dai| s2P R 28| 30y _
F Y AL R T PP AT T Logwl del caplal agrlars

DI00) -l gpg gy [oonl7 Iy T Pl SpE T R SE

0400 -9 |paalsr |ro.plwf] el LTI BT gay

OTOD| -2 |Fepg | S o rlsf| 2@ IS b ] =

PR B FT FANT P A 74

:
:

B L3 P E| toe | Smy | MFsTina an pho gl h

1300, =s | porg| Sny | o) e

Belapr
B

1600 -y |fap| & | stolzd ot sporw Dudefs
1900 | 7 |parls | w2l 70 m 8
]

i | PP 7 et e | P LFaE sy

OLO0] e | 770 e |l 9 77| & leywr | conl7 lo-bo| 37| FoF

40D | g o e lolre| o) ag| Palal gpol e

OTO0| g | e i F/d T e | AR

N o
]
0's
b
i
)
e

A 1000 ~rg| Fay | Houridrg | TP o df| HE| s aten| X8

e A P

1300 - A S0P | TP ok 7 | .45 2y

B

i | HL

1600 7 Nﬂ“’ L | 7] — | .2/ 9.0
Ad | v (B PPl g s Fi SSEL P el g | K

MEEgaAie AL FAILGRE

L2200}~ g |0t ' axais




Mount Washington Observatory Cloud Data Form &b
i DATLY CLOUD DATA SUMMARY, Sheet 2 Rev. 10/47
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DATLY CLOUD DATA SUMMARY, Sheet 1 Rev. 10/47
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DAILY CLOUD DATA SUMMARY, Sheat 2 Rev. 10/47
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Mount Washington Observateory

DAILY CLOUD DATA SUMMARY, Sheet 1

Cloud Data Form 2a
Rev. 10/47
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Cloud Data Form 2a

DAILY CLOUD DATA SUMMARY, Sheet 1
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Mount Washlngton Obaservatory Cloud Data Form 2b
DAILY CLOUD DATA SUMMARY, Sheet 2 Rev. 10,47
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Mount Washington Observatory

Cloud Deta Form 2a
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Mount Washingtom Observatory

Cloud Dats Form No. 3

MONTELY CLOUD DATA SUMMARY

Rev. 11/48

-

Statien: Mt. Washington, N. H. Date:  TVARCH , 1949
umber of | Percent " |Wumber of| Percent
Element Obger- |of Obser- Elsment Obaer- |of Obser-
’ vationa vations vations | vations
Total Cloud Date 1 pa*C 2 3
Pogeible Observations 2u8 100 Observations , Fe o*Cl| ~7e 1 "3
" B Longest period with con
Observations with fog 43 58 | loud data obo. (in days) FA ¢
Oba.: Fog with melting 25 |- 1o ﬁ“sest period without 3% 6
Number of | Percent Number of| Percent
Elsment Obser- |of Obser- Elemant Opaer- |of Obser-
vations | vatlons wations | vations
Drop Size Distrib.: A H3 S'S'. Drop Size Distrib.: F
Drop Size Distrib.: B 9 12 Drop Size Distrib.: G
Drop Size Distrib.: C o B Drop Size Distrib.: H
Drop Size Distrib.: D 1 4 Drop Size Distrib.: J 3 s
| Drep Size Distrib.: E 2 3
. No. No.
Element of |[Mean |Max, Min. Element - of |Mean|Max.| Min.
“ jobs. Oba.|
%ﬁggisﬁtﬂﬁ: (ec.) 78 |-107|+7.0|-21 |Computed value of K 78 218|810 I6
Amblent Air - Fate of Accum. 37 cyl. I
- | Brossure (wb) 78 |79538074773)|at. 200 mph (g/en/re.) |76 | 2. |133/0.00
Alr Speed Rate of accumulation on ! |
(m/s) 78 |22.6(425| 7.2 |1 cm. cylinder 76 \2 |62 000
Liquid water Denaity of ice on 1 f
content (g/m3) 78|37 |B& | .10 |onalient eyl. (gfmfi') 761.70|917,.21
Effective drop Snow crystel size (mm) H -
diameter (microns) 78 o.2[267| 17 56115 3-0| Ao
Statlon helght mbove Bnow water content (g/m3) | . | j i
cloud base (m) 78333659 95 26 .0.27|)14.0.0|
Length of exposurs : H
Csocontn) 78 'e78|360d 20 ' Lo
fumber of | Percent Number of | ‘Parcent
Element . Obser- |of Obser- Element Obssr- |of Oboer-
wvationa | vations vations | vatlons
Trace of lcing |Rime) Trace of clear ice
Leas than 1 % Ecm2§hr 33 43 |less than 1 gfem®fhr ) H
Light Icing (Rime Light clsar lce I IB
From 1 to 6 g/em? far 7 22  |From 1 to 6 gfemfhr
Moderate leing (Rime) ) Moderate clear ice q
From 6 to 12 gfom® /hr | From 6 to 12 gfem® fhr 7
Heavy Icing (Rime) Heavy clear ice
Greater than 12 g/en® fhr o o Greater than 12 gfch{hr I |

Remaris ‘Rq = 0 FoR 2 0BSERVATIONS




