
Pentti Kaitera 
Keeping water from freezing by means of compressed air 
l'Assemblée Générale d'Oslo (19-28 août 1948) de l'Union Géodésique et 
Géophysique Internationale, 1948, pp. 390−398. 
© IAHS 
https://iahs.info/uploads/dms/03056.pdf 
 

https://iahs.info/uploads/dms/03056.pdf


4) 

Extl'ait des pl~oces~verhaux des seances ' de ]' Assemblee G6nerale ' dlOs1o 
(19-28aout1948) de I'UNION GEODESIQUE ET GEOPHYSIQUE INTERNATIONALE 

K.EEPING WATER .FROM FREEZING 
BY MEANS OF 'COMPRESSED AIR 

by 

PENTTI KAlTER.'\: 

in the winter of 1940 experirriimts were ciirt'ied out in Finland with the (1).1ect 
ot/~~,e~~ng:.rilino.r~reas of water ftord. Jj'~ing ~oyered with)ce. This iYas dOri1i by 
utIl!smg. the the,rib'al ~t~s~rve, o,f. wa~er in ,such ~ way ~hat compressed all' w3;s pqqtP~ 
ed Into the water. vvhen l'lsmg to the surface the all' bubtnes brought with tj:teIll 
warm water from below and this water served to melt the ice cover. Thismettiod 
liits; beeIT used inUiS;1\:. moi'e than BO years ago to ,protect th~" d.ams 9t~at~r p6,wer 
p'lallts ftom dirriages caused by the ice coveio; ·.IIi the, following some results, of 
exp'eriilieIitsiri · connection with this matter . al'e ' recorded together with some pr'Qct-
ieal rt\S'iiltsacllieveilb'y the iipplication of the methOd.~ >, , . " . 

, , This meth'bd is' eI'itirely ,oased on the utilisation of the thermal reserve . of the 
,*a~~r." . By hp'efirfiellts cap-iM ~:)Ut in laboratories and in the open B;il1 it lias~e,en 
estabhshe~ that water of even as Iowa temperature as , 0.2-p.~0 C wlll ;melt the Ice 
tho\J,gh' ~h'e inelting process; is' very slow. But when the temperature rises to ;).oo 
and' mpte tIle melting effect increases rlipidlyaJ)d thus it is possible to Jind an <.eco-
110&ic~l1y prof,ita,', btE~ ~'oluti(in by which this m'ethod, ·,c.anbe, a,p, plied in p,ractice'j;," " 

During~h'ewin'ter 1940-1941 experiI'nentswere carri,ed outjn some lakes o~ the 
i~t~rioti p,~itly' also , ~n: th~ G~lf of Fiirland. The. pl'ocedurewas generally a\l;tol- . 
lows :' Compressed, all' stored In' bottles was ,conducted from :them tbrough t1J,bes 
to ,+arl'()Us \lcp'th's imder the ice covel'. ' 'rhe ail' was ejected from the tubethrQiigh 
~, sp~ei31 !l0~zle ~n:d ~h'e speed of the o~tflow could be regul~te.d by ,th~ size oHhe 
opemn'g,' of the 1I0zzle and the pressurem the tube. The meltmg effeqt was 4e.ter­
rnined by establIshing how , m'any cubic meters of ice were me~ted witl,i;n a cery,ilin 
ti.me-unit -:-" usuaUy 24 hours; In the I'n~jority of experimen:t~ only one nozzle, ,)Vas 
u,sea, bU,'t someof the,exper,i,m, "',,en,t ,s were cal'£,ied out bY, s"imuI,taneous ejectio,n ~hrq\l, g, h 
2-4' nozzles., These, were placed, at a distance ,of about 4 meters from ,one ano.~her. 

, , When ; the bottle at compressed air was placed on the s,Ul'face of, the iceJ ~he 
supply 'of ait was conducted as follows:First a hole. was ,drilled, througQ. the ice~nd . 
through this' hOle the tube was conducted vertically down., The air theQ, rose r~~nd 
~b6ut , the hole through which it mai'ri.ly escaped. ,' When i,n ~QJIle ;of tpe ex!#ri;: 
me,ntsair was 'conducted to such a point under the ice cover, cohe,re it dip not eS/:lape, 
it fOI'med un\:letthe ice ah' cavities which prev~nted the warm water rising from 1>~low 
frofu reaching the lower surafce of the iee. 'rhen the melting effect was,conside~4»ly 
l·e4~?~d,. , The nlelting ~ffect of"this procedur~ is thus depending on, the fa?t tMt a 
Gontmuous flow 9f warm water lS allowed to touch the' lower ,s!lrface of the Ice. \" ., 

., I?:utin'g the ·,winter · refel'I'ed to ·. 44 experim~nts , of at least .; 24 y,~urs 
duratIOn were earned out. ' The results' of these experIments. ~re shown III 1'aijl~ 1. 
'I'M depth Of water at the place of observation varied in the various"experin;tents 
fl'o~ ~~5 to 18 metres. In sOme of the experiments the nozzle was placedon>~he 
bottcrn,:,'in others sonie distance from the bottom. The :table, sQ.owsjt!l4~p.th dlli')ll,g 
the vatiolis experiments. The volume of compressed air ranged pet'Ye'en 1.,* , ~nd 
~2 litres per minute. During the experiments in the early winter the atmospj\~ric 
temP~l'ature Wa'sexceedirtgly low, sometimes almost -;- 40~ C. During thei ,~~,nd 
of tM whiter it was above freezing point. The temperature ofthew..ter 
dui~ing' tlievarious ,expel:iments: varied consideuLbly. As a: ,rule the temper!iture 
Of the water.irnmediately below the ice was about OO,C. , ,In the small lakes -)!\lch 
~s ;pal,ojarv~: ~nd: TaI?paj~ ____ it ~as,in the deeper strata. above Bo C' I V.anajtl.,yesi 
IS a lar~e]' lake where the water IS dlstllrbed by the autumn gales at the time iwnen 

' i,t,rre~zes~ ,Here the temperature of the water was beloW 2.[>5) C d4rilJg,;tq~ti~e of 
,the ex!periments: In the sea (Mi~ssaari islantl) thetempera~ure of t1}e waterjwas 
from immediately below the ice ' down to a depth of up' to 5 metres below uo C 
(- 0.20 C) and, only at the very bottom there was 'a small region where the tempe­
rature was + 0.40 C; Comparing the. best rnethods for the 'detetminatioh of the 
influence of the temperature of. the water , on the effect of melting, it was fOIDId 
most suitable to use the temperature of the water at the depth of the nozzle as a 
standard. This tempemture varied, as the table shows, from 0.4-4.20 C. ' The 
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ffahle No i. Resutt~ of ewperiments during Winter lil4()·41. 

Palojihvi 29. 11. 1940 
6. 1. 1941 

15. 1. 1941 
28. 1 · 1941 

17 . . 1. 1941 

» 
20. 1. 1941 

» 21. 1 1941 
31. 1. 1941 

) 
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5. 2. 1941 

7. 2.1941 

« 
14. 2. 1941 
18. 2. 9141 

» 3. 4. 1941 
Vanajavesi 6. 3. 1941 

10. 3. 1941 ' 
» 

11~ 3. 1941 
'» 

29. 4. 1941 

» » 
T~inpaja 15. 4. 1941 

.» 

.» 

» 
Miessaari 

16. 4. 1941 

18.4. 1941 

» 

6. 4. 1941 
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13 . 5 
17 
17 
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17 
17 
17 
17 
17 
17 
17 
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2.7 
3 
7 
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17 
18 
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11 
11.5 
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16.5 
11 
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, 9.5 
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10 

6 
6 
6 
2.5 
2.8 
3 
8 
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10 
10 

5 
5 
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10 
10 
10 
10 
10 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
5 
5 
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10 
10 
10 
10 
10 
10 
16 
16 
10 

5 
8 
8 · 
8 
7;5 
7.5 
7.5 
5 
5 
5 
2.5 
2.5 
2.5 
8 . 
8 

1 8.0 --15.0 4.0 4.0 31 16.0' 
1, 1.6 2.0 .4.04.048 1.7 
1 4.4 --39.0 4.0 4.0 50 12.0 
1 2.0 --26.5 3.6 8.5 59 , 1.5 
1 3.2 --26.5 3.6 8.6 58 1.9 
l' 4.1 --26.5 3.6 3.6 56 2.1 
1 . 1.4 -38.7 .4.04.051 2.7 
1 2.8 -38.7 4.0 4.0 51 4A 
1 2.8 --38.7 4.0 4.052 5.6 
1 3.6 ·~ 6.4 4;0 4 :0 62 5.0 
1 3.6 --28.6 4.0 4.0 55' 4.2 
1 2.3 ~11.4 2.5 ~.7 60 1.8 
1 3.5 __ 11.4 2.5 .2.858 2.0 
1 4.6 -11.4 2.4 2.7 56 2.1 
12.7 --28.-8 4.0 4'.0 53 0.55 
1 4.0--23;8 3.9 8.8 51 1.06 
1 5.3 --23.8 4.0 3.8 52 1.5 
1 2.3 --17.4 3.6 3~ 0 52 , 1.0 
1 3.4 ~17.4 3.63.5 51 1.7 
1 4.5 --17.4 '3.63.754 1.9 
1 , 2':0 --12.0 4.0 4.0 63 4.0 
1 6.5 ~12.9 4.0 4.2 62 7.7 
1 3.1 -- 9.4 4.1 4.2 61 8.8 
2 8.0 -- 5.0 1.91.4 59 8.1 
3 8.0 ~ 5.0 1.9 1.4 '67 4.8 
4 8.0 -- 5;0 1.9 1.447 5.5 
2 6.0 -'- 2.5 2.5 7 56 5.7 
2 3.0' - ·2.52.52.6 59 2.8 
2 8.0 -- ,7.5 1.7 1.6 56 2.6 
2 11.0 -- 7.5 1.7 1.664 2.9 
1 9.0 --3.8 1.6 1.765 8.0 
2 9.0 3.8 1.6 1.7 70 8.5 · 
3 9.0 ' 3.3 1.5 1.6 65 8.4 
1 9.5 1.1 2.7 8.6 67 6,0 
2 9.5 1.12.7 ,8.6 68 , 5.6 
3 9.0 1.1 3.48.7 67 11.8 · 
111.0 0.7. 2.43.275. 8.5 
2 11.0 0.7 2.4 8.2 75 5.2 
3 11.0 0.7 2.4 3.2 70 5.5 
1 11.5 0.8 1.8 2.2 76 0.85 
212.0 0.82.2. 3.570 2.12 
3 12.0 0.8 2.2 2;5 71 2.4 

.. 1 9.5 ' 0.4 0.4 70 0.25 
1 9.5 0.4 0.4 65 0.25 
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tabl~ ~lsosho'Wsildw the vallIe 6£ tfiis.,tetnp~i.'a:turech'ting~d ',during .thditnetot.tbc< 
experiment. , The table records, in addition, the thickness once, and' tlievolume of' 
ice 'melted within, 24 hours_~. The vol~me of ice, melted varied.frQIn'·0:25-16.0 m3 /24 
hours. In some experiments, ,not recordeiHn.tpe, table, tlie v:olutne ofiqe melted was 
30 m3 /,?-4 hours. Th.evol\lme. of melted:ice was me~sl}red: in ,.the; following, way: 
Along lines perpendicular to one another' through tlie centre ' oliservation holes w~re 
drilled in the ice at a' distance of 1 metre from one another. Through these the 
thickness of the ice was measured beforeand;after the experiment. Fig. 1 shows .a 
cross of the hole in the ice caused by experiment 1. 

. ' . 

. ' Fld~ 1,: Section. of· op~ning.m~lted in}24 hoUrs." At:InkePaI6jl\~l't3(),.1l.i940'· (El'xP.': lJ; 
JlllI'n!'vahvuus .;, ThioKness :of ice, . ' , " ' . . 
I{e~kU'sieikilh;.· Centtal 'hbh!: . . " . . . 

. J4An alareifna)kbkeen .ahlssa ; " = ' Ifower"f'we<'of. ice atl.begitirilng,'"f:'ex'p. 
',~ ~ . [ ' »: ., ' lop:u~sa-,= ~· »~ 0, .1) 1 » ... »-·, .end' iof<ex,:u~rien'ce !' , 

Ali-cady 'a" cU1:!iory :study 'of'T'dble' 1: shdws::tlia:t'tHe ~Ih p'etattire :o£Ytli~~'wa:~t-d~ci~~ 
si'yely af~e,ct!r ' the" meltihg "of"'tlie • ice. Iii the , satfi~.:war; th~, ~eltii1g;et;fectlir()t.t;'~,S(ifj~;, 
WIth an Increased volume of compressed air:' It'ls ' alSo' obVious Wat'th'e pbSltIb'rt 
of depth of the ,bilbbling point ,affects th~ volume melted. ' 

. In order to draw conclusions ' from material at hand as to the ' influence ,of 
the various factors we shall first study only the:" .influenCe of the , him­
perature of the water . and the quantity of .comp:t;essedair . . Disregarding the 
obs~rvations where the nozzle was. , at~ a " d~p,th ,of, 2,5 'IlHandh vhere compressed ' air 
was distributed through three or f6nr .nozzles, Wtl\ arrange tlie experiments in three 
groups according to the quantity-of,ali-, (qvantitY"~ of"c(jmpressed ah' < 3.0 1/~in •• 
3.0-6.0 1 fmin and > 6.0 l/mbi») and: :a:ccq!diItg t'O the temperature of the water 
at nozzle, into four groups i(temper~ture" <: I\<Yo < C, .l~IQ( O ' - 2~00C, 2.0 - 3.00 C and . 
> 3.,00 C) and then get the average.group.V'aiuesrecbrdedin Table 2. 

Table No 2. '--' Average-values , ofJ emp;etirrtenttJl : rt8utiir oj. group8based on the 
quality ' of compressed air and 01/, ' the 'temperature of wl;Zter at ~the nozzle. . . 

Number of Compressed . Dep;th. : .wa~r Melted ice- . 
in group air site oil;' t~iriperaitiIre volUlIle 

e~periments volwIlEi. mouth I . .at siieof rna /24 hours. 
In group . · 1/min.l: piece. m.! m0l:lth'.lpiece 

2 9~) 5" . 8) (f 0;4" 0.,25 ' ( 

1 9.0 . 8.0 , 1.6 3.0 
1 11'.0" 5.0" 2.4 3,'5 

t, f ~ : : .. ' ., •• , 
3. 8,0 .. 9,.2" 3-.(6~ 9,.91'·, 

. , 

4 4.5 8.2~ L'f' 1\55 
2 4 . 2 10.5 . 2;4' 2':~ 
'9 3.85 7.~ 3.7 3.9 

1 I t 5; 16i;. ()., 2 .. 5, H4iii 
, 7,'; 2.:05 , 8'j&, ' 3,!9:, 'SlfrJ 

..... : . " : Th~" iabl~ '~sh~ws i th.at" iiIcas~. ·tha{ temp:eratur~l!! ofl !'the:'watetla'll'd\th~'~itic;ti')Ofi 
th~:ri~z~lei ;ar~I ,cop:st~n,t. the. ;~()lume )of, m:elted ,jeelil'l.creasesi ;:i}l'3t>.p.MxirnaMIYl'dJit'Ctt 
proportion to the increase of the quantity o.fair. 

3'9'2' 



Table .N'oa.-:- Aiteredgroup average vaiues based on the vatues reco!d~d on 
t:able No 2 whendeptlt sit~ of mouth-piece is' 8m. 

. Compr~ssed , Water tempera- Melted ice-
aIr ' tureat site of volume 

volume; I/min. mouth-piece ' a c. m 3,/24 hours 

8 0.4 0.2 
8 1.6 2.7 
8 2.4 4.2 
8 8.6 8.7 

4 1.7 1.4, 
4 2.4: 2.8 
4 8.7 4.1 

2 2.5 1.5 
2 3.9 8.0 

The resultsareshownin .Table 3,andFig. 2.' The averagegroup,values in Fig~2 
show fairly accurately that the melting effect increllsesas the qUllntity of comp~esse,d 
air and temperature of the wateriIlCrease.The inC):ease of . the. quantity" of ai1l , 
causes a strong current of water which quickens the.transfer oiheat from the water 
to the ice. '. It is evident that by using larger quantities of air 'the addition of acer­
tain quantity of air causes more and more reduced increases ' of quantities melt¢d. 
This, was established by the experiments conducted pet'Yeen ~8.3 an,d 8.4.1946. 
Qn Jhe~e . occasions .an air. quantity of 100 I-min was used . . The result~"of these, 
experiIUentsare shown by the.dashline inFig~ 2. 

tile 
~ . 4Dt-c" -,-+-r..-n..-,-.""""'" 
~ 

. ~ 
.~ 1 ~D~~~~~~~~~ .• 
~, 

.~ 
"). 

~,., ~. r' rtt--J't:--t-~~+-:-c-4 
~.' 
~o . 
8-
~> . .". tff-t---b"q.--+---+--,--l 

~ " 

i ' ........ fJ r! '" ' .r-~.a;-:-7.-~~, ~~.M~",+.r-","'" ~-Io~ 

"v/qnvl./;;o'mq~ti ' 
FIG. 2. Dependance of quantity of ice melted (m3124 h) on quantity of compressed air' and teIllperature 

of water at nozzle - depth 8 m. " . . . . ' 
Veden Ulmp6t1la = Temperature of water at nozzle. 
Sulanut jllAmAllrA ' ~ Quantity of Ice melted. 

, ' Thefigure also shows that by increasing the quantity of compressedtijr the same 
melting effect can beachieyed up to a certain limit in cold as wel1!ls in warm water. 
For instance, by using a quantity of air of 8 I-min the same melting effect can be 
achieved in water of a temperature of 0.90 C as by USing an air quantity of 4 I-min 
the ,temperature of the water being1.5Q .cat the nozzle. The lisingof . larger ' quan~ 
tities .ofair is subject to greater initial-andrlinningcosts. HcnHhe question arises 

39,3 .. 



How tod~termine'the. limit for an e90nomically profitable undertaking ,?The curves, 
in Fig. 2 give an indication to :thesolution where this matter is concerned. When 
the temperature of the water is low the thermal reserve might prove inaqequate 
to' keep the water area ' from freezing dllring a cold period" . . ' . , 
, If there is available a compressor the· effect of which is, for instance, 3.5 m3-min , 
and which requires a motor of 35 H.P., a .20 niwide hole in:the ice, the thickness 
of which is 0.5 ril, can be worked under the average conditons .. stated in . Fig. 2, 
oncQndition that the compressed air tubes are placed, in the most advantageous 
places ~ approximately corresponding to ,the :values shown in Table 4. " 

Table. No ;4. ~. A compressor the. effect of which isS;5', m3 Imi~. , and equipped 
witha85 I1.P. motor. To melt a 20 m 'widecraclc in ice, thick,ness of ice beinR 0;5 m. 
Time Jor melting operation : .24 hours; 

,Waier teniperatutf; . Lenght of 
on a depth ' CJrack. ni. 
of 8 m. 0 C; 

0.5 
1.0 
2.0 
3.0 
4.0 

15 
65 

160 
290 
450 

Theoretical motor 
effect to melt 

the crack. H .P. 

700 
3100 
7500 

13500 
21000 

Rate 'of machine 
effect (theoretiCal) 

compared with 
effect of 35 H.P. 

compressor 

20 
90 

220 
390 
600 

Table 4 also shows the ·lI.mount of energy . required for the melting of the9peli.: 
irigs in case i:i,ll .the energy necessary for the melting should , hll.veto be ]1}echfinl~ 
cally produced . . Further,the summary accounts, for the multiplied increase , of the 
effect of the compressor in each case. When tl1eternperature of the water isO.50 C 
the gain of energy' is 20"fold, at~J)O C water it is . 220-foldand at 4.00 C wa~er ,'600~ 
fold. This' shows theadvaritage of this method with 'regard toec()noniy of ener~y 
iri <lom:parison with methods in which the energy necessary 'forthe;Ineltingis mecha~ 
nically prodJced; , , ' ., ' '.... . " " . ' . ,. ' ' . . " . ' " . ,, ' , . . '. ' .• " 
, . Forthe'sake of finding out the influence of the depth of the bubbling pcilIlt 

the observat;Jon '. material ---'" not counting experiments in. which the temperature .0£ 
the water has been below 0.50 C or in which the number of nozzles has been 3 or 4~ 
has 'been' gtbupedon' the' basis of 'depth oIl four groups and on the, oasis of the teme 
peraturei ofthe;W:lI.terandquaritity of , compressed air in .twogroupswhen ~. by, 
making further use of the' curves in fig. 2 --:. ' the average' group-values ' shown in 
table 5 are arrived at . 

. ' Table 5; ' Averagegroup-valuf;sshowing the influence the . depth of nozzle, ' the 
temperat:ure of the 'water, 'beiilg40 , C 'and 20 C andthequlI.ntity of compressed 
air_ 8 , l':'Iilinand41;c.min~ , 

Water temperature 
at site of 

mOllth-piece 

4 

VolUme' of 
compressed 
air; l/min. 

8 

4 

8 

Depth site of 
mouth-piece. m; 

Melted ice­
volume 

m3 !24houis 

7.5 9.2 
10.0 13.2 

' ~.5 1.1 
5.0 2.6 

10.0 '7.2, 

2.5 i.o 
5.0 2;~ 

9.0 8.7 
16.0 5;~7 

--------~----~--~--------~~~ ~------~---~~~~~' 
2:~ 1.5 2 4 

16.0 ~.8 



'.'~he.~esw.ts itre ' also .shonw in 'Fig. 3 where the ,Poirits oft!)e, s~l1;e qUant!Wof 
eQmp.tessed :~alr ·anti !.the '·'same'temperature ·'of ,water '-are ·connect'etl .. "i'hc:'curVes' 

! ' . . .::. .- :- :, : -~ ;:. " ';", '." .. : , 

-<> 

~ ~O ' r-rm 
4,;/C;vlt:1Jh."J.¥'''!I!lJo/_ma 

. FIG. 8. : .El~pendence of quantity or.'melted iCe till depth of nozile under various conditions. 
Sulanut j1Ui11)MrII1'/24 t = Quantity of,jcc.;melted m'/24 h. '.' . ..~ 
Suulakkeen sY:Y~8asema .= Depth of np.~zle: . 

!!l.l9,W ,tQ~t ,w.h(lfl,.tb¢J)UbpliwtfP.ointjs low.edhe effect .oCmelti'lg, gro~sgf(~ater the 
. hig\lc,l ',;I;\le ,t¢wpe;r;~ture,of.the,;water i~. ' When .the ,quantity.oi.cOIl1prc!)se.d,air :.is 
!lqn$~aIi~, :.tlle .. pub~le:;;, ,when 111ish,lg ,Jrom ,a .de~pCl· ',Position,.;move.a greater .mass'of. 
w.a:J.'~1l ,wa~r ·,thal'l:i\n" $h!l,llowwater ;hi . which' latter,. case.the . m,ethQd"thus ,offers.less 
f;tvQUJ;l'\!J.leJ.prp§pects.tp,an in, .a,eep .wate.r. .In.,deep ,:water :a;.greater amount pf:(mergy 
. ill ~~J,7t;ii(J.ly ,l;\e~Aed~to .,eject..the ,same . quantity !of, ah'"from ,the tubes,tna,njn .sh~no;\Y 
W~W .. ~b9.t, <Qnitlw ,Qther;hanQ., . a"greaterd~p1ih,.of • water ~generaUY>ime.ans"a, h,Igher 
1jCmp'e,rature and a greater thermal reserve in the ma!;lS of water whi<\hjs, set,mo~iqg 
q:y.t.:l\~b.J,.Ibbl~s. ,I:t;.is.also.e,v;ident t'hat.in.l.Q"20 m de.eP water.the .transfer,ofthermal 
~~!Se'r.v;e·,G/'w;ta}{e .,plaGe .Jrom · a ;f1,lrther "peripheraLdjs,tance' ,than in shallow)Vate~'" 
Wh\clLalso :'iuC):eas'es i,tlte ,a:v:ailaple .thermaL reserve" . " .. .. . ..' . " '" . 

:lVhe,meltil}g.,ef~e.ctjs also' iti.fl:ueflGed::J:iy -the. nuniber.,of;nozzles. used ,for, the ,ejeo~ 
ti9n oflt.llert!\:in ,qu,antity :6.f air into . the .water. ,Mter ,certain, a:q.jl1stments .theJo.I­
l~~l.,lg ,<:ta.taQortGir~i!1g.the: influence of 'the )lUmPer.of ,nozzles, area:rJ;ived~t: . 

Number of nozzles 1, quantity of ice melted ' 3,5 m3":"24 h 
, ,)) )' .2 .3,,9 
» ») ~ ~. » ,;:\ I) ,» .4,9. ' , )) .. 

4 5.0 

Jp. .e3,ch,g:JiPup the' .other av,e.:r;age conditiol1s ,are :.as follows 
A vera~e ;,Q.ttp£h of noz:Zi\es ' ,(1.6 r Ih 
Quantl..~y.pf ,cPmpressed air '. , 9.71 Jm. ·" 
Temperatllre. of water at nozzle 2.20 C 

. F'rolh ithisit can be noticedithat the melting effect ,accomplished by the same 
quantity'of~airgrows as 'the nUlnbel' of nOZzles . gro~"s. The result talljei';' with the 
previOlisly.stated facts as larger·masses .of water aresct in motion in this case. 

Further, attention should ,be given to the influence by the . temperature of tIle 
atmosPhere. .As shown in table 5, experiments have been carried' out under as 
Iow"a'-temperatureas -'-''390' C. ·It is evideIitthat such a severe "frost will"deci'ease 
the effect ',01 the melting prOQefiS as compared with a similar process during thaw . . 
The observation material is, ';however, too inadequate: to . allow . a numerical repre-, 
sentf,ltiol1·.of the influence of , -temperature, a,s it depends inter alia·on the thickness 
of the ice .and the size and shape of the opening which varied considerably during 
. the -e'Xper,imen~. -It'is, . all·th,e same, 'to' be n6tedthat the temperature of the' atI~lOs­
phereis n~t a .decisiye factor ';asqong as the surface 'to be melted is not too pig. A 



qqntinu<iusJ{e~ping'Qf, asutface'Qf ,water JfrQm 'freezi'l~g·, during, a ,whole ',willter'sea­
sqn :IPl;lkes' .the.irrmortance ,of .,the /inflllence ., Of {,thetemperature .. gl'ow. , ,In ' the ,winter 
I'9~6;{J,7, wh,en .an,,()penigg: '30x;80 ,lUifor.floatiQg ,timber ,was J{~pt free ,from ice, 
the:,coll}pressor "had,tq;be ;kept '.running,20".2,2:hours :a :,day ' during hard ,frost but 
d.uxirj.g IJght ,frost :.the .time ,was ;reduced .,to:2-,4 hours ,a .,day. 

,~?J1()4:PO'lo/,(j;"n ' , .' /I.#2~rJ/C7n.~;:)'J~~.J/. />!1i2xth'/Jl?/ir~J/'»!j;'t. 70/717"'0/0 
. ,~d.e(7.:/0:7mfloiW'O' .i~tlt!m/tim,Ao~;ld i~tYen lhm/-,oi41d ' . :'!!'''TeA /Qm"--~YO' 

\.:::t' · ,v :2 .'0'0 , ' / .'.:Z,i1 ' -9'~C.oD I.:~:.r. '4-""C /.;,~J'. ,',,{I- tIC 

"Ii 
~, 
;:~'b" 
"~ ,, ' 
~ ' " , 
~,;{o,'(!)--j~'-t--... 

,)Y:.o:!JI ;V.O'nqjctI4.IJW ' " 
. Pcflealcio/~/" /1(a'.a !cin,/,,,N.,. 

00 /._ ,~ J -I<'''C 00 '/ . ',.f, '~ 4 '''C 

FIG. 4. , 'l'enlPe .. aturc, of ',water.i<lt',vadous'id~p.lhs"'lJtirorc,.lrnl(dra;.nUine),,, "fter:24~hours'trinl (dash lire) , 
and al . various phases';df-,the ,ttiaL(dotted:Jine). "HOlil:)lllc'!Circle .'denotes 'dePt.h', Iif:'bUbi!linl1'.point. 
Veden liiUlpOlila .=.ll'erIJperature .of: 'wdtet. , 

, Jiidpeite = Icc cover, .' , 
Veden .yvyys = ,;n~fJ,tA·,Of\'wnter. 
Pohja == Bottom. 
Pohja suulakkeen'ikohdaU" >'" ';Bottomcat'. rio7.zlc. 
Pohja 5 m:neUlis"su""likkeesta =, ',Bo~tolll :'Il , mc\l'cs;' frolll ; lloz7.le: 

During the ,mc:piniiqlents',atterltion iwas "paid ito ::the:,fact :that.:ihetemperature . of 
the water · near lito :ith¢ 'melting ;qperiing :did :,not .~faILai; 'muoh'ascould :jbc expected 
considering the"!lJ111nti~y;.ofheatmecessa~'YforimeltiQ.g"the:jce :, an(L!ke.epiqg · the water 
from freezing . . : 'Whis/diano'!; i hapllen ;e;v:en \\';~hen :othe,de,pth 'iof ;watel; ':waS'l'emar ka bly 
shallow .: 2.5~5 ;O ·,ffi; :.:;lwQI:Uer::toiuenionstrate ~this :fac.t W;,g. :4:·sho:\\'s Lillie tempera­
tures 'of the. water at ·the . beginning and enu of experiments with various depths 
(continu.ous lines). ·The depth position of..the bubbling point is marked with a 
double circle. The. experiments demonstrated.in this figure are the same .as those 
marked in Table ~. with corresponding numbers. As shown in the figure the tempe­
r;tttire of the water of the strata, including, at the depth of the bubbling point, · has 
risen inml;lI),y .exPeriments .indt'lpendent _ .. of ,the fact ,th~Lc<;msid,erable .qullntitics 
df,heat ',has . be~n .required :Jor ,melti~g • the ice. . ' '.' . . . 

TaQlel.shpws ·that, .ta:ki~g :into .. consideration ,the whole .observationmaterial, 
thciten1perat~te .at .the .btibblil!g'.poirtthas .. ris.en.an .average orOll o , C.T.he num bel' 
ofexp,eriments where ,the tem,perature ,of .the 'water , has ,remained I ullchll!\ge.d . 
or 'hasl'isen 'has :beep .3.4." wliilea .falLof teIl)peratur,e ,.has .taken place in lOex;per.i- . 
ments. . I.t:is ;p()ssi'Q1e ;that ,lin . several-,cases there has ,been near ,the ,bubbling ;point 
hOllows ',in 'the ' bottom :from .where,warmer ~vater; has rrisen. (rhe .eX;periences which. 
have ;heen ,got ,later ::fr,Qin.practical :a;pplicationsof.the .. method" .confirm ,the,id.ea 
tl)llt :therrilaLreserves iaretI:arsferred.to such .anexteIit '£1'0111) peripheral;'pojnts that. 
unre(kpown .I(Qnqit;iq~~:, tl)ere ;is.nofear·.df .their exl;laus.tion. , 



Considei'ing the conditions under which the 'method is applicable in practIce, 
the temperature of tJie water during the winter months must be tal<eninto account. ' 
In this ·respect the sea, the rivers and the lakes differ very much from . one another. 

During the early Winter the . autumn gales mix the sui'face layers ofs~a water 
The water remains a long time op~n and; as the · temperature of it can, fall below ' 
00 C before any freezing takes place, because of the percentage of salt, the surface 
layers up toa depth o~ 3()~40 metres is cooled to about the freezing po'int. . Generally 
the temperature of this top layer is 0.1-0.30 Cand.even .below 00 C ,in . the late winter. 
'l'be wind also causes currents in the surface water. Cold water is forced into . the 
nays of th", shore and cooles' the water there down to the bottom also where the. ice 
covel' protects it from' the' influence of '. winds and cold air.Undei·,· these . circum- . 
stances the conditions for keeping even small surfaces free fr.omice. by the use .of 
compressed air are not . at hand. Exceptions .do, . however; exist. Thus tempera-' 
tures of l.Q-2.00 C at a dept11 of 5-10 m were ~'ecorded in some bays iIi connection 
with the experiI;nents. It can also be assumed, that in such bays into which larger 
I·ivers. dischal'ge, the temperature of the water mainly depends on the thermal reserve 
of the water brought by the I;iver. ,... . ' .... 
I . In the winter of 1946.47 experiments were ' carried out to tind if it was possible 
to transfere thermal' 'reserves fl'om deeper water through a colder surface layer. 
The experiments were arranged neil,l' the lighthouse·ofSoderskiir. The temperature 
of the water.downto a depth. of 30 mwas below ooC. Lower down the temperature 
rose rather abruptly, being 1.30 C at 40 mand3.2°C at 50 m. Through one nozzle 
200 1 Imin. air wa~ ejected. , Duringthe experiment currents appeared in the surface 
water in such a way, that the. bubbles at times roselO-20 m away from the opening 
above, the' nozzle. This as well , as the deptbof the cold' surface . layer caused the 
temperature of the water to rise only 0.10 C and could l~ot bring about any melting 
of the ice. 

FIG. 5. 

Thetemperatlll'e of i'iver watei' depends essentially on the situation of rapids. In 
thes,e water comes into . contact: with the cold air and, its temperature easily falls 
to ahout '00 C. ' Inrivers,howevel', new thermal ' reserves. 'al'e brought from the 
upper courses and there is no fear of exhaustion of the thermal reserVe. By using 
silfficientlylargequantities of air the ,method can be applied biter alia for ,the pro-
toction' of the danisof power stations 'from damaJi';es caused by the ice. \ . ' 

, In lakes the thermal reserves are essentially more favourable than in tho sea 
01' the riversasfal' as the ' application of the method isconcerped. '. Alre3;dy at 'a 
depth of 5-'10 metres the' temperature o.f the waterin the Finnish lakes usually is 
above l.OOC;wherebythe effect of melting grows high enough to make it possible 
to find paying solutions for practical purposes. Also in the lakes the gales of eady 
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winter cause a inixi~g of the surface water. Because of this ,the temperature of big 
lakes is considerably lower than in small lakes. Investigations; 'have shown that in 
such lakes, where the area exposed to the, wind is at least 3 km, the temperature of 
the water at a depth of 5metres varied betweenO,5-2.00 C during the wihter months. 
In , small lakes · the ' neasured variations at the same depth were .1.5-4.1;)0 C. 

Because the results of the. experiments accounted for here above; the saw-milJs 
on t ,he ballks of the , Finnish lakes have started to keep the. sorting basins open by. 
using compressed air. The method ,has shown itself very economic and by applying 
it labour pas been saved and the result 01 sawing has .increased to such an extent 
that the cost of the plant ahs been paid within one winter . . At the Ilola saw-mill 
on ~he shores of lake Piiijiinne measuring of temperatures was arranged in the winter 
of 1946-1947. to find out to what extent there was a danger of the thermal reserve 
beingexbausted .as a large surface ,had to be kept continuously melted. The size 
of the sorting basin of that saw-mill is 30 X SO m(Fig 5) and the depth of water 

, tllere varied between4-S metres. Air from 'the compressor is conducted trough 
a riet .of tubes on the bottom. To keep the ope~ling melted it has been necessary. 
to use about 3.0 rna fmin air. The performed measurings .oftemperature have shown 
that d~rlng the whole winter the temperature . of the water . in the melting . opening 
as well as outside it remained coristantat a depth of 3 metres i.e. 0.7-0.SO C . . On 
tHe bottom the variations were somewhat greater, the temperature at the melting 
area being 0.20 C lowel· than at a distance to the side, where it remained 1.20 C the 
whole wintel·. . The ,,,inter m.entioned. above · was exceptionally cold and during 

. January-March t.he temperature of the air varied between .-:-10 and - 300 C. 
During the, days of. hardest 'frost air had' to be compressed up to 22 hours ,aday, 

, but at a temperature of appl" -:- 100 C 10-15 hours work was suffficient; , When the 
temperature rose to 1-40 of frost towards the end of March, there was no more need 
to use the compressor.. These as well as other applications show that transfer of 
heat from peripherical areas takes place with the currents of water in such a way that 
there is no feal,' of the thermal reserve being exhausted. 
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