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ABSTRACT 

this report discusses a suggestion ~~nt synthetic oils be developed 
to calm rough waters to f'acill Utte the align ting of seaplanes on the 
surface of the sea. By correlating physical-chemical data and faeories 
wi t2l t=i.e results of practical experience it is indicated t:.-ia t the 
nat~ral oils now used are probebly the equal of any available synthetic 
oil for c6..lming rough waters and that they would probably be of little 
Vlilue to airplanes except RS storn oils when forced down at sen in 
heavy weAther. 
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AUTHO?.IZ..UIO~ 

l. This problem wus authorized by refsre.uco (l:lJ; otl1er r~ference.s 
pert.bent to this report are listed as reference::; (b) t0 (d ; . 

Refer ence: (~j Bu.C&R let. Hl-1.':i(Sj of 12 Nov.l9J5. 
(b) ONl Report Ser. No . 539, File No. 912, 

dated 9 Oct . 1935. 
( ~) Hydrographi ,~ Offif'!o Reprint of Hydrog?·:1.phic 

lnfot".illation No • .}, du ted 24 April 1909 : 
"Use of Oi-1 to Calm t:.-i.e ::iea". 

(dj Li. S. Nnw1l Institute Proceed.in~:, Vol 22., 
p.681, l.933-

2 . This problecn had it::; origin in ~.he Office of !~avru. lntelligcucc 
:-eport fr:-om the Nnval Atu~che, Paris, ref. (b), whic!l swtecl t,•vit in the 
couroe of experin~.nts made by the Model &:oin of the i<renc~h :J.ini.stry of 
;d8rine some synthetic oils for calming rough vmter hnd been developed. In 
11k!!ing thi~ report CaptaL11 .T.A. Furer (CC) USN. sugeested that tbe Hw--c:iU 
of Con n~ructlon and Rep,air investigate ther,e syntheti c oil.3 and rn0ceovo:r
.;~6gest some possible new applications of tilem of interest to the Bureau 
of Aerone.utlcs , nwnel7, faei!" use by aircraft to 1·9.cilttate the alighting 
on the surface of the sea. He was unable to lerirn t:ie nature of the 
synthetic French oil . The problem t.11erefore l s to st·i1cly the chur.'.;.Ct3r b ticf> 
of oil for use in c!ilming waves at sea for aeronauti,::: und ship use and to 
dev~op synt:ietic oila for t:.:nis use. 

KNO'i'iN Ffl.CTS BEARING _ON_.f.ROBL:UJ 

J. The ~e of oil to cal;n w~1ves in stor.-:iy weati1er dates b!:.c:C to 
anci~t ti11es . The experienc'3 of mariners over severri.l cent!.tries hD s proved, 
in a. qualit.sttive way, that SO!lle oils are better thrs.n othe!·s and has i ndi~~tad, 
for ex~ple, that animal and fish oil.3 are for the most pnr t bettar t han 
vegetable oils and boti1 are rnuch superior to r.iineral 011, s uch as fuel oil. 
L'l the last sever!il dect:Ldes a large u:nou.'lt of experience in t'.-:le use of o.~ls 
for calming seas hus been accUJnulated , princip,1lly t:1rough t:"le eff,:>rL, of 
the Hydrographic ,Of fice of the Uni ted States Nu·.ry. The Hy<lrogr&phi -~ Office 
files contain n large number of det9.ilecl st<.tements coneP.rn l ng the met;1od~; 
of use and type of oil best suited to this purpose. 

4. In t..'ie past sixty yeurs various research chemists , prlncipe..lly ln 
the Uni t9d .:5t&tes and Great Britain, !lave been mi,king co!lprehensi ve stud ies 
of tbe char&.cteristics of liquid films on t~'le surfa~e of wa ter. Their 
h..bor&tory end faeoretical studies have le<l to a detailed p.icture of the 
nature and properti es of these films . 

5. ~all scale studies of effect of oil on '1avcs were made in 
Scotland in 1882-1883 by Shields end Ai tkcn. The former exper:.•ented in 
Aberdeen Harbor and showed clearly thr,t the effect o.f oil wus not to diminish 
the height of lare:e waves but merely to smooth over the wave;, and t."-i.ereby 
prevent t.~e formation of dangerous crests. A dr£:UDatic example of tne use 
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or oil to ctlm stormy sens is given by Lieut. Comdr. GU es Stedman, USNR. , 
(ref. (dj) in his description of the rescue by t.he SS P.meri~~ Merchant of 
t:.-ie crew or tile foundering vessel Exeter Cit;.y . With the wind blowine 
Xorce 6 the sea nt the time of t:ae rescue had developed into a hieh 
conf11sed swell which broke under the influence of pessing squalls and 
would have :.iade rescue work impos.sible unless oil was used. 

nToe effect of t.ne large amount of oil was quite rema.r-kable 
&nd fae areu in whi'!..'-l it was used was clearly defined from the 
bridge (55 feet above watP,r). The swell which was streaked and 
dotted with whitecaps would reach the boundar-y of the oil and 
then fl~tten out, _rnui::h in the :!!&mer oi: a loosely laid turpaulin 
or ~rpet with a breeze bul6ing it i n the cente!'. The water 
beti'leon the two vessels was subdued, so much so thEi.t an atte;npt t0 
floa t a lifeboat over could be m&.de "l{itn a reasonable chance of 

SUCCCSB. • • • ." 

11 
• •• • • It was noted at t:nis time that both vessels ha.d 

dl"i:.~te<l into t.1:le oil spre!id out to the leeward, which .o.ow covered 
a l~rge urea in all directio..~s. It was not, of course, the 
impre3sive thick covering thnt existed to windward, but t.~ere 
w~s not. the s lighte:::t doubt of its reduclng effect on the sea •••• • " 

· "The s..ibctuing cn·ect of oll on ~e ... cannot be too strongly 
e1!!p~:.,3.l.zed. .a wade re:.icue work possible in the present instance • 
. ii. tota.l of 82 ton~ of fuel and 65 gallon~ of storm (animal) oil 

w!.i.s used in a period of four hours . While the fuel oil is thick 
n..nd ~ongeals L'1 ~old water., the action of sea breaks it up, spreads 
it about, and soon increase., its effectiveness. From the heights 
of' t.i1P. bridge, t.'-le oily area w1:1s cle~rly and a.mazinel y defined. • ••• 11 

TH.tifJRET ! ·'.::AL CONSlDEl-tf\ T 10m, 

6. It shoulri be pointed out at the outset that the t heories which 
h,we been devel:,pod to explain t.'1e effects of oil films, l.::..borutory and 
:o;!!r.ll- ;;.~a1.E: experiJ!l0nts, u.d prr..ctical experie.,ce nll agree t.~ut oil film s 
do not diinlnh:1 the height of l::irge .vavet; alrendy formed but that they 
dw:1p out the small ripples and irr·egulntitic& whidi are bein~ constanUy 
formed by the action of the wind on these large w&.ves. When t,hese small 
ripples ar~ not d:unped out, their cl.ltllu.la ti ·1e action disturbs the surface 
und lP.ads to the breuking of the h.rge waves ctDd it is this breuking action 
wh.ich ls destruct. lve to n-,ating era.ft either by battering them to pieces 
or :.-:r::.::ihing t.hcm into .!'loating or fixed stru~tures. 

7. A basic :-equirement for th ese oil fiL11s is that they spread 
upon the surface of the seu. · Physicl;il-chemicul considero.tiona define 
a simple criteri on of the efficacy of a given substance for nprendlng on 
w~ter. These show that a measure of the ability of a substance to spread 
is given by the spreadine coeff'icient defined as follows: 

S =- Tw -(To+ Two) 

where 

Tw 1s the tree surf'ace energy of the w& ter ( surfaco tens.ion), 



T0 faat of the oil, and T-.0 is the interf!.cial tension of the film of oil 
on the surface of water. Thus the spreading power of an oil can be reudily 
determined in the laboratory b,>' well established experiment.Ill methods. 

MBTHODS 

8. lf the theore tical considerations whicll have been applied to t.,is 
probl8!l1 are correct, it follows that it is not necessary to make such 
actual scale experiments us have been inade by the frenc-.h Model Basin, ref. 
(b), but that simple surface tension measurements mnde in the laboratory 
should suffice. Per haps the simpJ.est method for nm.kine these surface 
tension measurements is the cOl:lmerclc.lly available Du.Nouy ring surface 
tension meter, (illustrated in Plate l). In this the force required to 
detach a cir-cul.ar metal ring from the surface of toe liquid gives a measure 
of its surface ten::;i on, while the interfacial tension of a film is 
similarly determined by tho force required to detach the ring from the 
interface. 

9. Experiments were :nade in dropping a number of oils on t..he 
Potoolac River but it is difficult or impossible to gather qUblltitative data 
in this way. 

DATA OBT11.L'ilW 

10. Data on the surface tension and spreading coefficiP..nts of pure 
organi~ liquids are given in Tabl.e 1, while in Table Z are given similar 
data for na tural fish and vegetable oils. 

OONCLUSlOttS MD fil;CCl!iW:;.ND.4.TlONS 

facts Es tabl-1:_sh_ed 

ll. from the above discussion and from the data of Te.bl es 1 and 2 
1 t o.o.y be seen that t."-'le substances which phy3ical chemical considerc tions 
would indi·::ate are suits.ble !"or calming rough water are exe1cU.Y those 
sub~tances which cent~ries of practical experience have shown to be best. 
Otha!' facts established are: 

(a) The ability of' a given .substance to spread on Wb.te"t" t:.o 
i'or!n a ripple-dampine film CAn be correlated with 
labor a tor;; measurements. 

(b) Petroleum oils have poor spreading characteristics. 

(c) 'l'he best spreading liquids are those whose molecules 
h;:;.ve a long hydrocarbon cllai:l with a pol ar group (a 
group whicll is soluble i.~ Wtiter) &tone end. 

(d) Natural oils, such as fish, animal , and vegetable oils 
contain substhllcos having this film-forming structure. 

Qi.µnions 

12. It is considered that the question as to whether it will prove 
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profit~ble to produce a synt:.~etic o~l for Nt;val use in calming rough waters 
will be la.rgely W'l e -:!onomic one. lt is probu.ble that Ii sy!lt::letic oil 
having. sooewho.t supe.:-ior chn:::-2.cteris ti•~f; to thP. usual storm oils could be 
produced, but at greater cost. Natur.:l produ~ts are,after a l l, e. cheap 
sou.r-ce of the types of substances whid1 are desired. Recently, however, an 
en~)rmous nu.11ber of new syntheti~ wetting agent;; have been prod:.iced. Many 
of thase are proprietary substances of sec~·ot composition whi ~h mi~t prove 
of value o.s film-forming agents. Then, too, the growbg use of petroleum 
as a raw mt:.terio.l in .synfaetic chemistry for the production of higher 
-!l.1.cohols, esters, acids, etc., may l~d to the production of chenp synt:.'letic 
storm oils. 

13, The above discussion throws some doubt on the utility of oil 
for Ct-Ullling ro~ watars to f&.cili~te seaplanes alighting at sea. It is 
un<lP.rstood thnt the chief danger to planes in lE-nding on the ~e& is fr~n 
the larger wo.ve3 which E.re not dimini shed by the action of ol.l. It is 
considered thnt the chief use of oil by airplunes would be as follows: 

(a) Patrol planes forced do11n at sea by engine trouble. 

Analogous to the use of oil for life boa ts t..t sen 
it is suggested that if a patrol pVme were forced down in 
a heavy sea it could make use of a se~ cl.Ilchor and of oil 
let out to wbdward to dilll.inish the damaging effect of the 
Lreaking wuves. 'l'be amount of oil required would be small 
and its weight would not be a seriou~ charge aga.i!lst the 

weight limitations of' the plane. Thus it is estimated that 
a gallon of oil properly used would last for 24 hours. However, 
if fae weight demand is considered excessive, the plane could 
use engine lubricating oil and improve its spreading 
characteristics by dissolving in it a small amount. of fet, 
w~, or oil having a high spreacli!lg coeffi~iant, since such 
addition incre~ses U1e spreadi.~e characteristics of the 
petroleum oil, 

(b) Calming the waves at the entrance to o. sea 1?,l_ane ht1rbox:_. 

The use of oil might. permit E:. pr, trol pl ane to enter a 
protected sea plane hb..rbor under conditions which ~ight 
otherwise be da.,gerous. 

(c) Im:erovi.:ig the effectivene::;s of lcillding c~. 

The use of oil might improve the slick behind a towed 
cenvas and simplify the plane's rec.1.ching the ship. 

(d) Coming a.long§ide a ahi4• 

It is considered improbable that the use of oil would 
improve the effectiveness of present mtmeuvers for taking 
sea planes aboard, wherein the ship executes.a me.neuver to 
form a slick on the sea surface upon which the plane lands. 
The use of oil might, however, increase the time during 
which this slick lasts. 
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Rtcommendatiogs 

14. FrOIII the above it is reC01V11ended tbat: 

(a) The Burenu of Aeronautics consider the advisability of 
t.esUng tbe use or storm oil by petrol airplanes 
rorcoo down at. sen. 

(b) This Laboratory investigate s011e of the ne•er synthetic 
substances in the bope of finding a storm oil of me.xi:Dum 
effectiveness. 

ConclusiC?.,_n~ 

15. frora the discussion above it is concluded that: 

(a) 'lhe use of oil to aid seaplanes ins.lighting at sea is 
probabl7 of little value. 

( h) OU aigh t prov1:t of value to planes forced doilll at sea to 
■inimlze danger t o personnel and dWDage to the plane. 

(c; Present stora oils &re nearly as effective s.s an:, synthetic 
oil which can be l!lade at present. 

{d) StoN oils act, not b,y diminishing the height 0£ large 
waves, but by prevtmting their breaking. 

(e) Laboratory aeasurements can forecast the utility of 
substances to for,a t'llrH for caliaiDg waves. 

{f) ~e improvement in ston oils may result from use of 
newer synthetic substances. These would probably be more 
expensive, but the weight reatri~tions on airplanes might 
justify the added cost. 
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TABLE l_ 

S1.u-f:.,.ce Tension l.lld Spre~ding Coeff i cients of 

Various Orglillic Liquic:is . 

Surf.::.ce ln terfaci6.l Spr eadi ng 
Subst6llce Tension Tension Coeff icient 

Paraffin 
ijydroCRrboos 

Oc t.one a.a 50.8 0 . 2 
Liquid Petrolatum Jl.l 55-3 -13. 7 

Prlmury 
..acohol s 

Heptyl 27.0 /J.9 37.8 
Oct..:,l 2.7. 5 8. 5 J6. 7 

Ketones 

Methyl butyl ketone 25.5 9. 7 .37 . 5 
Ethyl propyl ketone 25.4 l J. 6 JJ.8 

b,c_ids 

Bept;,l lc 28. 3 6.6 37-9 
Unclecyleoic J().6 10.1 J.2.0 
Oleic 32.5 15.7 24.6 



TAB.~E 2 

5urface Tension c.nu ~pret,ulng Coeff i ::i en ts of 

Various Natural. Oils. 

lnter-
Surface facial bpreuding Chemiwl 

Oil Tenr.ion Tension Coefficient Composition 

0perm JJ 7.7 32 Mainly vo.rlous high tlcohols in 
combinction with fatty ~cids of 
oleic series. 

Turpentine JO 12 31 

Rapeseed 33 15 2 5 Mainly glycerides of variouc 
acids. 

Linseed 33 17 23 Glycerides of solid f~tty acids, 
liquid acids. 

Ct:.stor JS 16 19 Chiefly glycerides 

Almond 35 20 18 fatty hCids, mai!lly olei~. 

Olive 37 21 15 Chiefly glycerides 

PetroleUl!I 32 38 3 Hydrocs.rbons . 



C-:o CO.Jies ol' .?lc:r.e 1 arc c;.Va ih..,.le 

c:.i:- this t ime . lf aitd v,iwn ic is 

&., 'o.i.lab.Le it wi ll be t i pped i n tnis 

l=!lace 1 


