FoREFET 1

A RN 8, S

e

':&",‘

T
i
-
-
P
4]
I
-
E
=g

2FNGas - & = 4 3 Eh-Bg-%8
GECial E4% @ Biw FaE L. G& &7 Gl i
B Y mLietices it pet RO, = g ST g

P0G DEIP

(A Summary of the Japuary 6, 1956 Seminar) k

Wendell A. Mordy* snd Jonhn . Hurdige=x

INTRODUCTION Numercus reporis of fog drip in considerable

amounis from trees in cioudes areas in the

Hawaiian Isiands sre ip be found,  Most of
these have been passed by word of mouth and have come Irom th® ranch-
ing areas on Kawaili ang Maul. The sarliest apa best mcoounts, however,
have come from o, ¢ Munrs, who became interested in shis provlem ir L
1IG27 while watehing the drip from Norfolk Island pinss oo Lensi. At ©
that time, a large tree which stood above the tin sofed house seemed '
to shed considerable water ip forpy conditions. Mr. Hunrs went to
achgiderabls lengths to ipform himsell on this sublest and wrote g
mumber of articles gboys it. FEe also initiated g Norfolk Isiand tres
rlanting progran on the islapd in the hope of gatbering zore oloud o
water, £

Reports are alzo avallable eleewhere of work dene on this L0pie,  The
uost frequen.ly referred to Work is by Dr. Marloth, working in South
Afriez {1}. He found +ha: several timeg &s much water was available
Yo & trew as & result of fog drip as by rainfall. “his werd nas
recently been rerewed by the German Weather Servics. Other vork is
listed in the attached Ciblicgraphy,

More recently in Hewaif the gubject has been brought forward sy

V. W. Thalpan, of the Hawsiian Pineapple Company on Lapal, whoge
enthusiasm for nore Tesearch on the subjeot stemmzd from his obser-
vationg of the fog drip winlle nunting on the mountain ridgas.,

A proposed experiment was digcussed by him with M. 2. Thorne ang the
guthor in 19%2. Thig E¥perinent depended largely on the accensibiiiny
ol the gountain op. An svoess soad was built early in 1455

* Metecrclogist
*#Supt. Bxpn. Dept., Hawaiiap Pineapple Co., Ltd., Lanai Division
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and the experiment initizted by the HAPOO Experimental Department ip
Govperation with PRI and the Terrivorisl Board of Agrivelture aod
Forestry.

interzat in the experiment alsc Increased due Lo nev PRI megsurements
of cloud wRtET Content and aroplet 8ize spectrus as part of the PRI
clowd physics projec., which irdicated that aonsiderable water might
be obtaired by eiiher ar expanded tres pianting prograe on Lansi or
poeBibly by constructicg 8 barrier of wire or fibre that might cateh
this water, The measurements which follow, wade by the Experiment
Department of HAPCO, Lanai present some of the rezaits of this ip-
vegtigation,

COMPARISCN BETWREN RAIN. The ipitial phase of the experiment was
FALL AND FOG DRIF UNDER rnothing more than reasurements from six
$ELECEEB NORFOLX ISLAND  raingages placed vandowly under a pine
PINES tree {Fig. 1) pearby the Lans{ Hale rain.

gage. These gages were noved gt iptervals
to make certain N8t they wers not Tertuitously placed under water
celleeting points of the trea, The first six weeks of data collected
&t this lccation are shown {r Table 1.

Table 1.-Raingage vesdings iz the open and under a Norfolk Pine.

Gage Readings ~ Cage Reedings Under Average
in the open dorfoik Pine .. Yog Drip
Date {Rain) #1 #a #3  #h 5 B #1.5
June 127, 'S8 0,18 1.08 0.63 0.08 .50 0.62 0.13 0.5l
7.1k 0.06 B0 0,13 €.12 ©.17 0.0B 0.06  ©.1L
1ha21 0,10 0,63 L,00 0,71 D.63 0.88 o.64 .75
21-28 8.17 C.9¢ 2.29 L.00 1.23 2.00 1.22 1.hi
2830 0.07 0.38 1.k 0.5 C.60 .52 0.61 0.6R
30-July 3 Q.22 L0 Loy 2048 109 1.25 1.88 2,05
Total C.2 5.54

The average ueter falling ucder the tree during this interval was
approximately seven times the amount of rainfall during that period.
This wasz a period of very strung trades. Reeord sailing tines vers
mate in the Transpacific Yaebr Race held during this interval.
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FiG. 1 Six raingages were placed under o
Norfelk pine on the crast of Lanai Hole, Thess
yages were movad sach week according o
& randomized plan o that they would rot
b fortuiously placed under s water colecting :
point of a tree, -

FIG, 3 A water shed consiructed under a
40 . Norfolk pine was used to meosure the
totel drip from a single tree,

FiG. 4 Apparatus referred to in text as a
“harp". it consisted of & frame with vertically
strafched wires directed into the wind by &
wind vane, Water collected an the wires was
lead away through the pipe at the bothem
and measwred cach day.

PR 8

np

FIG. & Frames of differens kinds of mate.
rals were fested for thair water esllecting
proparties. Results of these investigationg are
shown in Table 2.
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1 Fizure 2. Diagrsmmatic representation of the collection of
water droplets by impingezent. Explana.ion in tex:.
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WHAT 18§ TOTAL WATER Sioud measuremenis mpads during TProject
PUTENTIAL OF CLOUDEY Showser' indicated that 8n awount Up Lo

3 grame of water, in droplet form, per
suble zeter of cloud, is found in Hswaiiap clouds. Mos: of these

messurements ipdicated less than ane graa, however, end zverage
conditions, all factors accounted for, probably are awosut 172

gras/md,

Interpreting this in teyms of our experiment, this means that with
s wind speed of 1l miles per hour (§ m&«%r;ﬁ&u‘} che following
amzunts of water in droplet form would Tlow through & noop witd
8 cross sectional area of one sjusre weter orienied perpendicular

to the wind:

Clpud water goptent Water per day
at 3 gmfm3 = 34 gals/day in centinuously
_ cloudy conditions
.5 Emfod - 58 gals/day I
1.0 ga/m3 = 115 gais/day -

These figures must then be reduced by the percentage of cloudy
vesther {which must be estimated due vo lack of record) snd the
afficiency witli which the water can be ssptured. This latter
figure depends on the cloud drop size spectrum, tie size ol he
apilecting obstacle, the speed of tue wind and the overzil ohstruc-
tior to the wind which any colliecting cbstacle may offe:

Only & part of this information can be cbiained from records oy the
literature. Bercause of practical limitations, wur objective vag
only to chrain a first estimate of the amount of cioud uater atv this
iocatiop and the wproportiob which pight be colleoted Witk reiatively
easy methods.

THE PEYSICAL PRUOEBLEM Tne sollection of water dropless Wy
impingement has been vorked ous theo-
reticslly by Langmuir and Blodgett [(2).

el

The problem is represented ip simple form do Fig. 2. 1. 3s
analogous to the behavior of a balloop drifting wish the wind.
If & billbosrd lies in its path, 1t will, ip &1l prcbaéility, we
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deflected by the wind flowing sround 1%, never siriking ne
ststacle. If & wire or long zerrow obsiscle liss in its paih,
the wing will 2ot be defllssted enough to deflect the bailoon,
In Fig. 2,the droplets marked "A” might be ceflected while those .
marked "BT would pot. The speed of the wind, hence, the zcmentum - :
ot the droplet, the relstive sizes of the droplst and obsiscle,

and the shape of he obsiecle are important.

The percentage oollected ig called the "eollsgtion efficiency’.
1t is easy to see that if the droplets are gmaller, the wind wesker,
o bSﬁ&E‘@ larger, the collection efficiency is rezuced. ¥or the :
proien siated aﬁre baged of Gur measuremenis of dne size of the '
dre p*ETS aua;Lable collecting wire or surfece, it was believed

that half of the cloud water might be collected with good en-

ginesring.

The best collector, theoretically, is one which has tne most
firely divided - cllec*irﬁ surface, which ¢bsiructs the path of
ecach particie, and whlch does not offer a major cbsiruction to the

wind. .
i

THE LARAL S5 far gs the ecopomic evaluarion of

BAPERIMENT oy drip ie concervsd, the foilowing

sajor items of inforgation are reguired:
{1} Percventage of sine favorable for Tog drip {including variations
in cloud wa.er, wind apeed). (2) Belative sfficiency 2T various
colleching §WIfPC€b {inziuding tress, screenipg, fibre glasgs, eto . j.

Beginning o ssrcly July 1§55, an enlarged program of messursments

was carried sus. Io sddiuion to the zaingages under the Norfolx

pine, B wats r shed of bvfrugd'eﬁ steel wag bellt under 3 comparable
vree [Fig. 3) and messurements were begun of the total water drip-
ings from the tree, later & recording device was atitached so

shat continucug records wers shtained.

A "rarp elike instrument {Fig, k) with spaced, verilocal wives uag
asunted on & suivel snd urx&n:uﬂ perpendicular to tne wind [low by
msang of a wind vape., Water collecting on the wires wes sllowed
o Tiow into & bottle ior delly measursment. Squareg of various
screens, Fibre glass end filtering materisls were adunt 24 in frames
tor meascrements of ihe collscting qualizies of each (Fig. 5)-

T, v

25
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Rggular meteorclogicsl instruments were installisd amt tie experizent
lgcetion b record wind at two levels above the ground, relacive
humidiuy, btemperature, suniight, evaporation, snpdé rainfall. Tasse

measuremenls were later recordsd contioucusly. later in the experi-

ment, & 30 oot touer wag erected to desy lorge sreas of materials
and o investigave the wind profile.

Geveral different types of maverials vere tested as fog drip
collecsurs, Az will be szen in Teble 2, pope of these materials
]

]
seem Lo offer much prowise of commercial applic
tepted, ¢ psidering the fartors of durability, o
the lcuvered alurivam shade soreen worked out ne

ion.  Of those
T, angd efficiency,

ﬁ-m

i
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2
FoR

Table Z. -Comparacive moisture opllection efficioney of 3ifferent
types of materisls.

"Barp" T Nol o
Gallvnsfvd E[day Ratio of Colleotion to "Harp” Obssrvations

Fibre Glass

A = 1.0% b%
Average H w30k 2
" £ = &7 ik
" D N 21
" E = 63 21
* z = 1.133 30
. 304 Air Conditioning Filter ‘ _
(Potentiald/ Sipgle = 1,060 kb
b ogul/fday} Double s B3 o8
{Maximue day potential Louvered Alum.Sorsen
15 galfdey) Single = 1.18 L
Louble = 2.10 i
Piastic Sereen = 1.09 %
L/ Fotential: Oﬁwy z snell pé“”éﬁt&ge i she cloud droplets
™ were sostructed bv che wires on the “harp”. This caloula-
wion is uo show what should be caugbt iff tbe paths of all
droplets wers obsgirue.ed,
PRT NEWS vol. & -32- Mareh 1956
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¥sasm; Sosisl Enlerces Di FRH HO.t 803 FT4TRIT BE-BB-%E  11iGEA PLig
SEASCHNAL EFFECTS Geasonal influswness in Hawvaii Tavor
gumrey as the pariod in walckh the greaisst
Tog drilp oceurs.  On Léral this oydle is
: in opposite phese tw the raipn¥all whieck occurs primerily inp wipter, .
& .
4
Water from fuoy drip i1s s much more regulsy souree during this
: summer period than water from rein. It is believed tist this can )
$ b quite Bo ioportant CQPﬁlﬁ& stiom in the ecoleogy of ceriain .
F reglons. This iz fllustrsied in Fig, § whieh shuws by aucumcisa- o
: tion of water from each source from :he time the ewperiment begsn.
% Altogether, ap fagtunt of waler was obtsined by the sSrees, in rain

and fog drip conditicns, roughly twice the rainfall for the pericd
An exsumingtion of the daily records showed ohat in moderate to heavy
rainfall, the trees aciually shed water 50 that less water was
caught in the gages under the tres. In view of this, 1% can te
stated that for thig ares the vwater obtaired from fop drip very
probably exceeds the reinfall comeiderably.

SMARY AND It sppears from the ipitial data cbtained s

CONCTUSION that apprecisble amcunts of water are B
collscted in forests by fog drip. It EEN

seems certain that forrestation should be continued and enlarged -

in Hawallan water shed areas which ave fraguently clouded. L

The type of tree used will have &n igportant besring on the o
efficiency of the furests! removal of water Lrom Lhe alr.  The T
qualities of <ree which should be sought sre: [1) overall -
isrge dimensions, espesiaily height; (2 fipeness of
structure, needles preferred; (3) the ability to withstand
wind and Bﬂt be shape: it; (%) wind obstruction: and {5}

e 1

L S TRGU A T LT R N

u,m

J
opaguenese. Although 4:7 ot trees tave not besn tested, the ,
Rerfolk Island Pins seews oo De well suited to this tagk.

Up to this daﬂw. rconcmicgl methods have not been Tound o

ramove weter from the cloulds o) 3**&f*cia¢ barrlﬁz iot

the materzala tested are roughly of egqual efficiency to th
Borfolk pine needles in removinz the water, any ma L h

congldered for eollesting wa.er by this me&ns iz pro T

expensive,
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