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It !la~ beeu determined. that a samJ?le of ve.te: vill not always fre.eze 

at- o0c. Both. the percent or im:[,-urities and the VolU?:'.e of the sa.'n.vle 

influence th~ t~atu:re at •.;hich. the: e~1ple .f'reezes £m!all drops or dis-

or wter in the d..r-o_p. The sz:.aller tlle drop; the l.o'der the t~1-ature. A 

drop v.lth a d1~ter ot 10 mic:rcnc vill fl•eoze e.t npproxi.r.mtel.'1 -4o0c. Dro1)!l 

ties in a drop tend to raise the !'reed -r.g ter:rr,ernture slis;ntly- by :providing 

droplets of tho r;rono volui:::te -and com1m-ini?; the nean f'reezir.ig t~rature of 
./ 

the concentrati on of' im:;iuri t1 es can he calculated~ 
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II. OBJECTIVES 

}rt, esc;ien,.'!.-ent ,.._'US to f'u.rthcr dov-eJ.op .u.. :f.'i·eczing techi.'1.iquc £or coall 

ve.ter w-orilets vhich Dr. Zchl,.~uzcner o":)ne.rved :in Ce.lifornia.. The method 

was to inject smal.l dro;plets of vat.er into the interface betwee~ t uo liquids -

carbon tetrachloride and rrln ... ral oil - one being r.eavier and the other being 

lighter thn.n the \rater clro:ple ts . The !)U.."'vOS~ cf the asoignment ·tl;;l.s to 

obtain o. .:orkable :oethod for the :ri-eezin.; of Gme.1..1 wate1· droplets so t ;1at., 

the amount of i :z::i:pw-it1es in the oa.~~lc could be dote:rr.~ned. 
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III. lnOCEDURE 

1'hia 1s the method that ha.s been developed for finding too rr.erui 

temperat~-e of the i':r-eezinz ,:roints of droplets er va.ter r.i11ch a.~ 1.-0 om 

end 0 .. 5 m in dic.~tcr • . The s.tr-"l.Jl. d.ro:pc m--a swpcnd.ed in the inter:f'c.ce 

bctlleen carbon ~t.:rnchloride and. r.:rlnercl. oil - tha m:l.n.era.1 oil being above 

the dropc e.nd the carbon tet.ro.cbloride belo1r the drops . A tb.erf.lister - a 

resistance thcl'T3or,1etC1" - is inccrtcd into the intc;t":f'ace and t:ie cup con

taining the liquid::; 16 cooled. Over ea.ch tlct.er.n1ncd incrc::ront of tc~ra.

ture, the n\.l.mbcr of dro11(; ~t froze <l.uring t?1at te.c:pcro.turc re..-ige m:\Cl the 

time require-cl for the cooling throueri th.c inc:remcnt are recorded . Fro.~ thic 

data the :rteD..'l ter:J:r;ernture of the :free:::i nz point~ of the drop::. enc. t.h.c ra.tc 

or cooling can be plotted. 

F:repe..rntion E£. !E.terialo 

The f ir::;t itep i o to prei:cre the- rr.ut~rio.lc • So:-.e of the clear co.roon 

tetrachloride should be poured into o. cr:rul ~ride-mouth bottle o.nd Sudan IV -

e.u organic dye - o.cl<.lcd until the tJolution is ncm-~ ca.turated. SUcbn nr is 

e.vailnble in the ~iology Dcp.'l..-rt:?nent. The next r:tep 1s to coat the bot-tor:; 

cf one of the alu.'Uinum cu:po ~ith India ink to obcct.1.re the texture. Awro:.{i-

1:ntely 5 lnl or the dye t:olu~ion (about 3/16·· ) is poured into the cup. I f 

light can be S{!en rei'lecting from the botto.'il o:f the cuJ?, t he bottor:i should be 

recoe.te<l t.-ith 1nk.. To keep it f'l•or.1 tlL"d.og w!th the cc/41 the oi l ehould be 

Jne.dc to run do"..l:l. the side o!' the cup. The til!:e lariSC bet.teen the nc.dition 

0£ the cc/4 end the r>clc--ltion oi' tha oil nhouJ.d be fc..irly ehort to mini.mi~ 

the evaporation or the cc/1~. Once the ro.nera.l oil hv.:J been udd-cd1 tha cup 
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&hou.ld not be noved excess!. ve 1y. It will help to )?re.serve t.."1-e inter.face .. 

,Add mineral. oil until the cup is t.lightly les t"> than half tull. Zquibb 

cooling. The mnereJ. oil c.vttllable throUBh the Clie::u.stry De:pa.rtment should 

Prod.uct!.on er Dro:.,lots -
tho ne.xt. ste-p is the production of th.e droplets. Incert the s.mll 

~ fJ,9o2 into the center hole or a ffl.2 rub~r ~rend pl.uce t.he 
I 

.~topi,er in a 5 · ring a.t""vacbed to .e. r1nc sta.."1d. The t;YTinze 1:;; now in a 

vertical posit.ion point1D.G do;.nr,,ard.. A J-'29 needle 1s attached to the eyringe. 

lfhe tip of t he n-.""edlo should. be cut off square and filed cmooth on tSV.ndrnIJel"• 

i'he 15-lX)wer ~1.f ier ~houla be rer.lOVl~d tram ite n.iount and hald en th.e ring

stand by DC.e.nG ot c clecy. Dy' ad.Just ng the cl nt1p., the nia.gn.i:!'ier can be 

focused on the tip of the needle. '.The next thi~ to do in to rc:oovc tho 

plung~r at ti.1e sy.rinee, 6.lil? l/1f' o-r rub'.ber hoc-0 over it, and re:plsca the 

plU?l8er. Ta:pe the rubber hose to the top or the ~yringo. Thi$ ho!:re eriJ?S the 

pl.unt;er sllght.ly and hel:ps control it. now' relZ!OVe true noetlle, o.nd fill tlre 

syrins,e by :Um.t~sing the end in the "-'ater to be t ested and pulling out on 

'the .I>li.mser.. Bot- more than 1/2··• to 3/4" of ~-uter chould be in the eyriligo 

at. ooe tire. (It ·will tl.O..~e production of the dropo ea:11.er.) T"it the needle 

beck on the tip or the syringo and press the pltmger ellc;a"ltly to fill the 

:needle 'liith '\.'tl.ter. Ii" t biere ere. &.t" :pockets int.he syri~e or needle, they 

oh.ould bo ~d. to 'i>'"'ite drop production ctLCicr. AdJur.,t the ~er a'ld. 
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its &ca.le Go t 'h.-.t the Vie"Y' through the ~!.:!'ier ap:f-ca.:rs cuulnr to Fig. 1. 

Slcr.;:cy" push and .;pull. the plunger while looking throuch the n:ue;r.di'ier· until 

the drop is 10 of ·the ~lent urrl.t$ scro~;o (this is for 1..0 l:!!Il droriS - for 

O .. 5 U>l drops,. the drop z.cottld spa...'1 5 or the r.t)!>.J J ect r.s.rl~in.gs ) • · At this 

lX)int tho cur:; conte!.ni:n,g the ec/h rm.d .minernl oil is brought UJ? 'll!ldc:::- the 

needle .c.nd r n.ired until tru'J end of the nc,edJ.e, lsl th too d.i.-o.Dlet on it is 

cubmergcd in the . I:Jineral oi 1 ll.O in Fig . 2 • Th~n lQl,;cr t:ie cup nt:i:-o....:Lght down 

to bring the needle tip out or tho o:n. ~he 1.0 z::n drop ~ . ..-ill renuin in tha 

oil.. One precaution in ir.porte.nt. 'l'he dr01) '-'fill tend to ch~r-e si:-.e bet.rec~ 

the t.~ .it. 1::. 1.ast obs crvou and the tine it is relec.~cd in th•::! oil. To 

:p:re"t-e:nt this,, t n~ dro:p shculd be observed :for ocvcrru. flccondo th:rou.sh the 

~-e;n:tfier a.ft.er the JJlUJlGer he.::. been rcle.o.ncd.. Once the drop ic steady, the 

cup ray be 'brCU;ght Ul) to :relc.ace the drv?• After put.ting the dl"Ol) in the oil, 

the tip of tho needle rn1t:1t b,e vi:i;:-cd cle~ vith a :r,iecc o.-f clea:i cloth b~fore 

n~dns the next c.iop . It tdll 'l.:r..! noticc<.1 thet lr'.o~rt of tho dro1)lctz will sit 

just. uni:1er :the oi l surfc.cc - unable to 'bre.n.k the su...rj'a.ce tcntlion of th-e oi l, 

~ 1.n Fig. 2. Touc_lun..;; t he'!. gently .-.nth a l'lOint,~ object t-•i ll b:rccl~ the zur

fCJ;;e t ension and r...e~ .. ::u:t the <.lrcpn to :ro.11 to the intc·rf'ece. 

Posi tionir~ .2f_ Dro,:,lets i n Ca.'1.to.incr 

Fig .. , ahovs the !;Ositicr.uine 01' tl.e dro:p;; with i--cspect to the thc.r1:ucrtor . 

They sh.0u.ld. :fpll •,d:thi.ii t .he shc.d.ed areo. m t..°"!e right. I.f they- ure :pos itioned. 

outci dc the s had.':?d ei;ea, obscrvntlo..'1 in tho frcc,~er bcc~s d:lfi'icuJ.t . 

Foaitionlng zhould be don<! o..s the dropc are being produced. Fifteen drops 

may be put into the sb.lo.....---tl nrc-a v:tthout cro~;filng . Tne drop~ have little 

tend.ency to collect z but if t ;.ro dropz ru:-e too cloz.e together, they SO!'".£tirucs 
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combine into one. Once the drop:J er-a in the cup, ~u- size -s:q oo cr..ecked 

I 

b,- oott .ing. the cup on the bare of the rinezr...e.ncl and focu::ing the ~fier 

Qn the dra,p~ in the interf'uce n..-id co.'llpl.rlng the:., to the -tcale. in the 

~i:f'ier. The e,..-rar ~hou.ld not be I.lore then ! .. 025 m. 

Fooitionipg q£_ Thelmstor 

i'he· ~xt :rtep is to !)Ut in the toomi:.,.tor (:-ee .Fig .. :; ). Ito hoJder 

10 a. i,ieca or bcl1:a which fits over the lip .of the cup. The s].ass probe 

too tip or the :probe} to be e,dJuoted. to e.ryy height. It should be tldJusted 

co that it 10 e.t the interface ot the tvo llqtti.ds . The two lead~ n.ro th-en 

used es one unit. 'They cmi be a.ttt:.c.hed. to and r emoved from the- cu;v wi.t.hout 

pl.a.te ~e ~ttached to the ring stu.'l-d so that i.t in aliahtly ebove and behind 

the cu,p er.d eet e.t .a:p:prox:i.mately a. Go0 angle (cee Fig. ?.) The tro-Jble light 

con be su;.worted at e,bout the rlsht height by ~ng it on one of the 



baskets in the f're-e:;er. The cup vith t hi'.) clrol)C cun nm, be l,)laced on the chcct 

should be :fa.etelled to these t .... ro lea.de. N:. thic ;point the con..1:p0nent posi

/ tionz ehou.ld be checked.. Turn. on t ho light and move 1 t, slightly unt:i..l the 

dro:po Rhould not be vicible . 

Te.~ru.ture Hc.:i.£urc.mcnt ,:i th Resictancc Brid.:;c _ __,,..._ ___ ------ - ----- -,-..;...,=<... 

For temperature nc.a.cu...~nt, an electrical bric'l,€;e is used . Atts.ch 

the thermisto~ "-'•ire i:; to the unlmo· .. n ten'l!nal.s, a 1-1/2 volt bo.ttc1y to the 
and J?hyoics .13121 · 

be.tte:cy term.no.ls:- snd C£U f;-J.5765/ center r ec.ding gnlveuomctcr to the 

ture desired ue dctc.nmned by the calibration c~.irvu of the thermistor. 

rco..ched. 

Dnte. Recorded -----
At every l/2°c the nttibcr 0£ clror1s t.h.e.t era frozen is recorded along 

".rith tho tin(~ necer. •;o.,,_7 for tb.e 1/2°c c1w.:ige. To note ho;, m..-:iy- drops a.re 

b-ozen,. t\.l..L---n on. the light and move it Ol"ound n~ br,.:ffore to climin~tc r-~lec

ti.ons. I:f any- dro_rc. a.re frozen., they w:111 show l...'P tw ::;;::-rul 11hlte opotc 
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l. Fresh Tn.:p }Jeter {.A~ t) 

2. Month Ol.d Tap Water (June) - To;> :portion 

-'• Month Old Tap W~ter (June) - W.xed 

5.. Distilled i.Jater - Soils Lab 

6. Cl.im.."( ... /224t 31 Y.iarch, Boord ff35 

7 • Clitu.x - 3224" 31 M,.'1.rch, Boord i35 (2nd run) 
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/ The method ot frocz.ine cb.-o;po es i -'.;, ncr,.r stands has SC!:le oeri t . The 

setup c.m give a i'c.ir~ ,good. indica.tion o.? tee ~..u-.i.tiefZ in a ,.-c.ter sc..~~ 

relti~tive to other ~&ll.)leo tested. 

the r.;:.te or coolius che .. neeo from dcy to d::.~ .nud ho-w.· t o hour a."l.d. if; dependent 

on enbient roo.~ tcr::.:pc:retu::e . This rete of coollns ~'Uriation !Jill aff'cct the 

in the unfrozen .'.'ltntc ,..,.ill af.fcct the freezing tcmr,er.e.ture . (This .,,~s; not 

Conseq_U3ntly, none of the ccoplct~cl so.."!rplc:3 h~vc thie factor te.ken ir~to 

c.ccount . ) Thir; :i'o.ct \rlll n:e.Ji:.e the comr,c::·iE-On of fl.•ozen \.>ato:r somplen -.:i th 

:frozen · .. -as plottc-d a,zl'.ln::;t tcr::i:eratur•Z! • If' the nuc-.he r of dror,e i're.e:".:l.ng 

interval:;; 1 they should fom n. "bell shu:ocd p:ro1.;a'bili ty curve . In .t1or.;t c ar;e ;;, 

tance o:f the com-sc3 ,:h.ich I vill be ~,.ing in the nc:ct. fcv y-om~s. I had 



thought. abo$ entering the field o~ re~ee1.·ch before J.ru;t ti.u.nc1·1 but I h.o.d 

ha.d. no direct contact •with 

?te.tiono.l Sciell"'O Fou:iclction hes e;rca.tly et.i:c:.ulat.ed nv interest. I lm:re 

by ob~er-nng tho~e around t'lC ".lho ;;c::-e involved in the ua.~ tnJe of 'dork. 
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Tho callbrct1on data for the t her.nS.tor io included. Thennifltors 

W'eyette Ra.dio - Industrial Division 
100 Sixth Avenue 
ki< York 13, u~.r York 

The de~gnation for a ~uitsble therm.cto:r 1a: 

32 Fo2 (Pig . 3) Bead-in-eJ.nsa ther.tnistor probe, 
2000 ohos ! 20'/J nt. $3 .oo · 
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