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Sereening Smokes
Ly TR 5. P 5-4z.

The investigations on screening smokes have been directed
toward the development of sultable devices for the protection of
industrial esnd military objectives egalinst alrecraft by the use
of large quentites of amekes or fogs, The subject is referred
to in English raports as "area screening”. Because of the large
ereas of tha industrisl sites to protected, the amounts of material
requirad for scraening purposes sre so great that the ueual
‘chemical smokes (such as white phosphorous, chlorsulfonic ecld,
etc.) cennot be employsd.#

Although the principal purpose 1s the protection ageinst
alreraft by meking aimed bombing imposaible, it sppears from
British reportas that the use of protective smokes hes been an
importent fector in mainteining the morsle of factory workers,
especially in munitions plents.

British snd Americsn Practige

The British sppeer to have concentrated on the use of two
types of o1l smcke generators, the "modified Tweedale™ and the
large truck-borne "Haslar".

The M.H.S. (Minlstry of Home Security) Mk, I, the M, H.S.
Mk, II, the "modified Tweedsles", and the United States C.W,S,
M-l generators ell conslst of an oll contalner, an sir port or
vent, and s atack or flue, Figure 1 1llustrates the M.H.S,
Mk. I. The burning rates of the verious English types 1s 2-10
Imp. gal. per hour, and the M-l uses 12-15 U.S. g.p.h. The
M.H,S, Mk, II burns 2 Imp. g.P.h. Apparently more than 200,000
¢f these amall generetors are in use in Englsnd, probably mostly
Mk, II. These various devices appear to be developments of the
Tweedale orchard heater used widely in Califarnisa.

The "Hasler" (see Fig, 2) burns 50 times as much o1l as
the small units, i.,e, ebout 100 Imp, g.v.h. The 01l used 1is fuel
#1l rather than dlesel oll, and a weter apray is introduced pert
way up the atack., The smoke 1s lighter in color than in the small
units, being 1ight tan in place of dark gray or black, The lsber
involved 1s reduced, since the unit 1s operated by s deiver and

one ettendant, wheress the smell unite require cne attendsnt fer
20 generstors,

# A recent Intelligence report indicates that the amoke used by
the Germans at Breat 1s a wesk mixture of titanium tetrachloride
sand emmenium chloride., GCenerators asre placed at a large number

of pcints, including small boats in the harbor. The amoke has a
detectsble odor but does not csuse breathing difficulty. It is
best in a damp climate, ss at Breat, The report states that smoke
1s ueed at Brest in the deytime ss well se on moonlight nights.




In practice the target 1s protected by seversl thousand
small units, usually spaced closely (intervals of 7yds.?) together
along adjoinihg country rosds. A much smaller number of Haslars
en 3-ton trucks are used to give volume to the screen. Hsslars
are not used elone, since the smoke does not spread sidewlse with
sufficient rapldity to use only large seurces. Use of the
generstors 1s not considered practicel for genersl use 1ln daylight,
er at wind speeds above 10-12 m.p.h. The effectiveness of t
screen in the moonlight 1s estimsted to be 15~30 times as great
as in deylight. The principal operationsl difficulties are (a)
the large smount of imported oll required, (b) the incidence of
flaming, especlally at high wind speeds, and (¢) the large man-
power required.

An English report of January, 1941, includes the following
eummsry: "A scheme for smoke screenimg back areas during moonlight
nights has been developed. The eculpment consists of low-cost
generators., Fuel and lsbor costs are high. A large lorrymounted
unit produces smoke to give bulk to the screens. Screening is
practicadble only st low wind velocities. The equipment and methods
are reasonably well standardlzed and no immedlate chasnge 1s now
anticipated.”™ At the time this report was written no factory
protected by smoke had been bombed. The same report carries the

statement "Employees in some factories demand smoke as the price
for continuing work at night".

Soreening Effectiveness as Expressed by the Factor No

English reports on both chemical and 01l smokes employ e
fecter N, as a measure of the screening power of a particular
smoke, XIthongh it 1s not clear how this 1s measured in the
field, it is clearly defined as the number of mg. per sq. m.
between the observer and the object which are needed to just
obtain obscuration. The viewing distance is nominslly 1,000 yds.
Observed values are corrected to a common basis of a wind velocity
of 10 m.p.h., 8 relative humidity of 75%, and a value of r of
1.15. r is the ratio of wind speeds at 2m. and at lm. above the
ground, It would seem wise for U, S, measurements to be reported
in these same unite, rather thsn in lbs., per acre, etc. The
sonversion factors are:

1bs. /acre = 0,009 N_ = N,

1bs./sq. mile = 5.7 N, ° e

quton Report 1400 employs a factor B, defined es follows:

Ba
& x 1000

where Q le the strength of the souree 1in g./ (eec.) (m.), snd w
ie¢ the meen wind speed in m./eec, In order to have a besie for
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the wstimetion of oll rates, No should refer to tne oil used by
the generstor, rether then the o0ll existing in the cloud. It 1a
evident thet B must be grester then 1.0 in order to obteln eny
screening, If B 1s 1.03, the aree screened effectively (over
which the concentretion ls eoual to or grester than N, ) is a
rough triangle spproximately as indiosted by Flg. 3. If B is
inoreased to 1.3, the sres screened 1s muoh grester becsuse the
" concentrestion N, is meintained for e very muoh grester distence
downwind. The cquentitetive reletions esre not given in the reports
studied, but 1t would appeer that the esres screened varies widely
ss B veries from 1.0 to 1.5 or 2,0. There 1s no edventege 1in
opereting et & B ebove perhaps 1.5, yet en sdecuste fector of
safety is importent, since verietions in locel wind veloclity,
source strength, or N_, mey ceuse B to drop below 1.0 end no
soreening would then Be obteined.

It 1s noted thet the screening effect 1s increesed if the
objeot is viewed gt an obligue angle, 1.e. ss by en elrcrsft
observer looking other then vertioelly dowm. The screening
effect slso incresses with the disterice from the oloud, It is
estimated thet N would be reduced 40% by lnoressing the viewirg
sltitude from 3,800 to 10,000 ft.

The values of N, reported by the British are obtained by

ti;ld tests end presumedbly epply to oonditions of sctusl use at
night.

The following velues sre quoted in Porton Report 1400 (dsted 1938):
“o- ms. /m.2
Smoke Materiel Rel. Hum. 4 Rel, Hum, 9

H.C.E. 600 278
W.P, 350 220
C.S.A. 700 400
S.1. Smoke# 1,100 1,100
Fuel Oil# 1,500 1,500

# No stetement ss to type of generestors.
It 1s suggested thet lsborstory tests msy be corrected

to field values by correcting them in proportion to the
eorresponding retio for one of the chemical smokes tabuleted.

NDRC measurements of “o' together with rough oalculstions

of oll quantities needed for screening purposes are given in a
later seotion of this report.

Desireble Charescteristics of Screening Smokes

In underteking en investigation of soreening smokes for the
NDRC, the members of the section have oonsidered the following as




desideratat

1. The smoke~forming materisl gshould be non-toxic. The
dsnger of lipid pneumonia resulting from inhsletion of oil vapora
has been rrought to our attention, end eny evidence of such a
hazard in English factories should be transmitted.

2. It should be non-corrosive.

3. It should be non-injurious to plant equipment (ebrasive
dusts could not be used).

4. It should be availasble in quantity (Note -that special
oils might be specified in the U.S. but might not be obtainable
in England).

5. It should be capable of being readily dispersed.

8. It would be desirable to use a material which reacsa
with the atmosphere to edd weight. (White phosphorus smoke is
over twice the amount of the P used.)

7. The actual density of the material 1s not very important
(Settling 1s no problam in smoke particles of proper size).

8. The smoke should have e suitable color., It has been
stated but not confirmed thet grey or ten smoke is more suitable
for cemouflage than white smoke, On the other hend, white smokes
partially diluted ere difficult to distinguish from natursl hease.
The variation Ny with addition'of carbon particles to white oil
amoke is now being studied.

9. The smoke particles should be of the optimum sige.
This point is discussed below.

10, The smoke should be persistent. This point is alao
discussed below,

Optimum Particle Size

The visibility of objects on the ground depends on the
lighting of the object and on the contrast of light and derk
as viewed from above., The presence of a smoke reduees visibility
by three mechenisms: reduction of the illumination of the objJect;
scattering of the reflected light from the object, reducing
contrast; and glare, resulting from backward scattering of light
from cloud to observer. For very small particles the intensity
of the scattered light varies ess the sixth power of the redius
of the particle; for very lerge perticles the scattering veries
as the square of the radius, Since the number of particles per
unit weight of material varies inversely as the cube of the
readius, it 1s evident that there must be a particle size for whipgh




the scattering i1s greatest. This optimum radius corresponds to
the point where the slope of the curve of scattering vs. radius
hes a slope of 3 on a greph having logarithmic coordinates.

The early calculations of Langmuir (letter to T. K. Sherwood
dated Lugust 27, 1941) indicated optimum particle diameters of
0.6--0.9 n, and estimated a screening capacity of oil smokes
which appeared practicsl. More recently LaMer (January 21, 1942)
has reported teats and cslculations releting to the cuestion of
optimum particle size. The angular distri®ution of intensity of
scattered 1ight from stearic acid smoxe was found to follow
closely the results of Engelhard and Friess (Koll.Z., Pl, 129
{1937)). The absorption coefficient of stearic acid was found
to be essentially zero. The total scattering (O to 1R0°) per
unit mass wgs found to be greatest at particle diameters of
0.6 n. In the range of dlameters 0.2 to 1.0 p the backward
scattering is almost independent of particle 'size and the
predominant forward scattering almost identical with total
scattering, Both water snd stearic acld have essentially the
seme optirmum particle size.

The existence of an optimum particle size for screening
purposes is confirmed by laboratory screening tests carried out
by Langmuir. These ere best described by quoting extracts from

8 reﬁent letter from Dr. Langmuir (to T. K. Skerwood, January 28,
1042):

"Work with Smoke Chamber. You will remember that the
smoke chamber is & box 6' x 6' and 7' high, The top and sides
dogn to a level 4' below the top are hested unirorm%y to about
60°C while the lower 3' and bottom ere cooled to 10°C to 16°C by
cold air circulating around the outside. When smoke is placed
in the lower part the upper boundary is very sharply defined at
a level 3' from the bottom. The smoke 1s thus contained in
volume four cubic yards covering area of thirty-six square feet.

"We make smoke of very uniform particle size from a
weighed amount of oleic acid., Tests show that the smoke is very
evenly distributed in the lower 3' of the box. There is none
sbove that level. The bottom of the hox has a dull black
reflecting surface of 10 rner cent refiectivity, the sides up to
3' sre white and the sides sbove the 3' level and the top are
black. Four lemps in the top of the box give uniform illumination.

"We have measured the particle sizes by drawing semples of
the smoke from the box and meesuring the rate of fell by a micro-
scope in our gravity fall cell and from this we calculste the
particle diameter by Stoke's Law.

. "In the box we have a card sbout 20 c¢m sq. Oof gray
cardboard in the center of the larger sq. of black cardbosrd.




The blsck cardboard reflects 10 per cent and the gray reflects
about SO per cent. We consider that this degree of contrast is
s fair representation of the contrast one can expect to find on
the ground looking down from an airplsne. The aversge
reflectivity of the ground as seen fromthe alr is shout 10 per

cent exvept under unusual conditions such as & snow covered
surface. '

"The black end grey cards ere attatched on s light frame
which cen be raised or lowered in the smoks, Smoke from a
weighed amount of oleic acid 1s then put in the box, choosing
the emount so that it 1s slightly greater than 1s needed to
render the card invisible when the card 1s on the bottom and 1s
viewed from directly above. The card 1s then raised until the
grsy end the black squares cen just be distingquished. The
weight of oleic scid in the smoke atove the card is then
calculsted, The table summsrizes the results to date.

Psrticle Welght cf N
Diemeter, oleic acid ng. Jm. 2
microns used for

36 sq. feet

Pounds per
sq. mile

1,10 4,09 greams

1,04 2.61 780 . 4460
0. 91 1,89 ‘ 570 3270
0,78 1.€0 480 2750
0.62 1,62 490 —_ 2780
0.58 1,90 570 3260

The minimum weight of 0.46 g. per sa. meter is obtained for
s psrticle sige of 0,68 microns. This corresponds to the

:;ight of 6230 pounds per sq. mile, or 350 gal, oleic per sq.
e.

"The optimum particle size of 0,68 microns sgrees
excellently with the value of 0.6 microns which has been found
recently by Dr., LaMer from the results of his measurements of
the total integrated scattering per unit mass.

"We find thst even 1/2 or 1/3 of this amount of smoke
1s very effective in decreasing the visibility of en object
under the smoke snd when viewing from an engle of 450 1t is
sufficient to completely obscure the object. I feel that
this figure of about 350 gsls per sqg. mile can be used with s
grest deal of confidence ss the amount that 1s needed of any
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practical oil with spherical particles when the particle size
1s chosen -orrectly. TIhe foregoing results show a surprisingly
large depcr-ience an the particle size eand gmphastze a need o
particles -.th 3iamel:"s LO% greater thar ¢ 8 mirons.

"W aave vade sxperiments with a wide renge of illumination
and find i 2% Lrs obsuzarine power of the suoke is very nearly
indepencer I »f rue ectual brightness of 1llumination. Undoubtedly
with moon: i £it £ad siarlight much smaller caantities of smoke
would be e°lactive. We plan to make further studles of these
very low inisnsities >f Illumination.

ugc-asfer is c¢oatinuing measurements of the direct
transmissica of 1ight measured by a photocell and the acattering
of 1light ee¢ observed -y the brightness of the too aurface of the
fog. I hona very socn to test out e theory by which we will be
able to ce oulete the visibility of an objeet cf any brightneas
which gives any degres of contrest with ita surroundings under
various tricknesses ot fog."

Persistence

Individuel 1liquid particles evaporate rapidly when exposed
to dry sir. Using the Langmuir equation it is estimated, for
exsmple, that a 10 micron drop of oleic acid would have a 1ife
of 10 minutes in elr. This 1s based on a large extrapolation of
the vapor presaure curve for olelc ucld leading to an estimate
of 0.0002 m.m. for the vapor pressure at 20°C. (The extrapolation
was made using the Cox chart shcwn on p, 1111 of the first edition
of Perry's "Chemical Engineer's Handbook"). Irdividual particles
of smeller size of more volatile substances mey evaporate 1ln a
few seconds.

Since such foga are known to0 be persistent, it seems
clear that the air in the fog must be saturated with vapor, If
the fog consists of a volatile licuic¢ a large amount of materisl
1s required to saturate the alr. If the ligquid 1s non-vclatile,
the amount needed to saturate the air and so enaure persistence
may be but a small fraction of the weight of the 1iquld droplets.
A material having a molecular weight of 200 nresent 1in a
oconcentration of 40 micrograms per litre need evaporate only
to the extent of 10 per cent to saturate the alr 1f 1ts vepor
pressure is 0,00037 m.m, Teking 0.001 m.m. as the maximm
vapor pressure at 20°C. and agaln using the Cox chart for
extrapclation, 1t appears that the meterial should heve a bolling
point in excess of SO00°F.

Field tests with smoke generatora have been made with
oleic acid, No.3 fuel oi1l, and with Diol 55. The latter 1is




typical of ordinary Cosstal pele lubricating oila which are
sveilable in the United Statea in cuantitiea of perheps 100,000
barrels per day. It is s distillate lubricating frsction from
s nsphthenic¢ crude, and aella for less thsn 10 csnta per gallon.
The Diol 5% her = mic-boliling point of about 68CG F.

Sm.ie gurerator fleld teata have indicated that No. 3

fuel ol (rid~bciling point 480° F,) i1a juat slightly too vol.tili
to give adeguar: versistence.

Water anc Agqueous Solutions

Lete in 1940 Prof, W, G, Brown initiated a seriea of smelle
scale leboistory experimenta for the purpoae of exvmloring the
poaaibilities of forming amoke or fog by the mechanicesl
atomizatici of water or agueous aolutions. Small nozzlea were
found which were sppliceble for the purpose, at modeat pressures,
eapecislly when the liquid wes mixed with s quantity of air under
preasure before entering the nozzle: Similar results were
obteined with a high-pressure nozzle without air providing the
pressure were raised to a sbove 3000 lbs./sa.in. Although no
quentitative measurements of the fogs were made, the work aerved
to direat further study along the line of very high preasure
nozzles without air.

More recently, Prof. Gi G. Brown haa superviaed the
construction snd teat of a large tmick-mounted unit caepable of
handling 13 gal. per min., at 6000 lba. per zaq. in. Although
field teats have not ao far indicated that thia unit ecen compete
with oll smoke generators, it hes been uaed to study. the effect
of nozzle type, pressure, snd charanter of solution. Most of
the work has been done with solutiona of NeCl, which sre sprayed
into & large box (1240 cu. ft.) in which 1e loceted & standard
lamp and photo~cell aspasced 3 ft. apart. The relation between
light transmiasion, nozzle pressure, snd aslt concentration has
been obtained for the H-466 nozzle using an 8% NaCl aolution.
Although the light transmiesion wes reduced to 50% by concentra=-
tiona of leaa then 150 mg., NaCl per cu.m. (at 5000 lba. per sq.
in.), the method so far esppears impracticel due to the fact that
even the best nozzles show poor stomization, with less than 2%
of the selt formed sas a ressonsbly estable fog.

Although the pressures employed for direct atomizetion
are high, the r~ver requirement would not be excessive if
setiafactory atomizstion were obtained. The exverimentsl unit
handling 15 gipn.m. at 5000 1bs. (equivalent in liquid volume
diapersed to well over 1000 smell Tweedsles) has & theoreticsl
power consumption of only 38 h.p:

Expioratory work has been atsrted on chemica: methoda of
- atabilizing wster fogs, but thia hes not uncovered cnything of
resl promise,




Solid Smokep

* It has besn suggested that various shundsntly-availabdble
8011d materiala might oe dispersed as ressonsbly stsble smokes,
and that some minersls, such as bentonite, uight be obtainable
as 8 sufficiently fine powder so that grinding would not be
necessary. Certain natural clays and kaolins have also been
suggested. (In this connestion it mey be noted thst bentonite
duats have .een Tounia to have n> serious influence on the
operation o~ internsl-comtustion engines--sae Div, B Progress
Report Serisl No. ).

It 2has been shown that a very smell Microniger hus a
large cepa.’ty for di;persin% bentonite, but that compressed
air in quantity 1s neoded. hese tests are belug continued,
together with tests on simple dispersion by means of a
centrifugsl fean.

Bentonite may be electrically chsrged by the use of a
simple and rugged power-psk, and a distributing grid or screen
placed over a bentonite vibrating feeder: The cloud has a uniform
density and coagulation is definitely retarded. Negative charging
produces better results than positive charging. Satisfactory
field tests of this device hsve not been made,

011 Smokes

Three investigstions of smoke-generating devigces using
011 sre being sponsored by the section,.and the devices
developed appesr to be definitely more promising thsn the
results so far reported on aqueous solutions or solid smokes.
The investigations involved are those of the Williems 011-0=-
Natioc Heating Corp., the Servel Co., and that of Dr. Lengmuir
of the General Electric Co,

The G. E, generator consists of a contsiner in which the
oil is boiled, a source of heat, and small nozzles through which
the 01l vepor issues under slight pressure into the atmosphere.
In a jet of hot o0il vapor the small particles tend to vaporise
to produce a vapor which condenses on the larger psrticles, and
the increase in aversge psrticle size 1s very rapid at the
relstively high tempersture of the oil vspor produced by boiling
st essentiaslly atmospheric pressure, If a smoke of fine particle
sige is to be produced by vaporization the vapor rmust be cooled
very rapidly. Furthermore, a high concentration of psrticles
results in rapid coagulstion and resulting increase in varticle
size, even when the tempersture and vapor pressure are very low.
The &. E. device employs 1/8 in. nozzles with vapor at about
8 1lbs, per sq. in, pressure to produce both the desired rapid
cooling snd the reapid dilution with el r. Excellent white smokes
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of the deaired particle sigze are produced both with oleic scid
end with the Diol 855. The capacity 1s about 100 gm. per min.
per nozzle.

The Servel Co. has undertaken s development program
directed toward the production of an o0ll smoke generator suitadle
for largescale manufacture. Starting witk the basic 1desa
(suggested by Dr. Langmuir) they bave btuilc and tested over 20
generatora of various designs, of which only one will be deacribed.

hia is thelr spparatus No, 7, shown dlsgrsmmetically in Fig, 8§
and pictursi in Pigs. 6 e1.d 7. It comsists of a double shell
supported 72rtically, witl: 8 burner providing e flame at the
top of the nuter anmuiar gps-e and an 0il cspray attaohed st the
bottom of :he central flue. The oll atomized by the spray ia
oompletely veporized by the hot produots of combustion and amoke
ia not form:d until the ges~cil mixture mixes with air as it
leaves the top of the centrsl flue. The experimental model
shown on the truck employs s small Willys engines of whioh two
cylinders supply power and two cylinders produce compressed air
to onerate the o1l apray. This unit uses liquid butene as a
fuel, and hes & capscity of 20-25 gel. o1l per hour. It produces
large quentitles of white smoke. Small particle size 1s indilcated
by the marked red scattering of sunlight and by the violst oolor
of the sun viewed directly through the smoke. Operated on a oold ..
sunny- day with about a 6 m.p.hr. wind it gave a dense smoke
which persisted for about 0.5 miles downwind and s marked hatge
for over one mile. Very spproximately, the area screensd in this
daylight test was perhaps 35000 aq. yda.

»

The device just described 1s similar in principle to the
Williams unit describsd below, end the Williams unit has one
advantege in that the seme 01l is employed for fuel and for
smoke. Since the C.W.3. has emphasized the adventages of large
mumbers of smaller units without power, the Servel Co, is now
concentrating their efforts on improving the design of smell
unit to be employed in the seme way as ere the Tweedasles and M-l's,

The Williems unit is 1llustrated disgrsmmaticslly in
Fig. B. It consists of two domestio 01l burner pumps and two
0il burner nogzles of stendard design. Oil 1s burned at one
end of the large cylinder, the gases sre cooled by admixture
with air, wnd the mixed gases at BOOF. used to vaporize oil
issuing from a seoond nozzle placed shead of a refractory shield.
Alr 1s supplied to the first burner end to the hot gases by a
small fan. The two o1l pumps and the f an are on a common shaft
driven by a 1.0 h.p. Briggs snd Stratton utility gasoline engine.

The oapaocity is about 20 g.p.hr. and the 01l burned is only about
15% of the total.

Although the varioua units have not been compared by
operating them aimultaneocusly, it would appear that the performe
snce (per unit of oil oonsumed) is about the same for the G.E.,
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the Servel, snd the ¥illisms generators. In esch case the

amoke is white end apparently of sufficiently small particle

sigze. Those whc have viewsd these urlts and the N-1 generator
agree that the three units described produce several times as
mich smoke per gallon of oil ss does the M-1, It 1s hoped thst
this guess may be checked by comparative tests in the near future.

Although no data exist, 1t would appear thst the M-l
operates with perhapse 20% or less veporization of the oll and
upwards of 80% combustior. Some carbon 1r produced but this 1is
probably small in ectusl e¢ud>unt. Improverent in performsnce of
the M-1 should be possible if the per cent vaporization could
be increased, and it appears that this might be possible. The
rate of comhustion is determined by the air admitted, since the
atack gases leave with an insuffliciency of oxygen. the
vaporization rate, on the other hand, is determined by the rate
of heat transfer to the oll pool principally by raediation from
the hot metal above and by radiastion from the luminous flame.

It should be possible to increase the heat transfer by usinf

a shallower gas passage and metal conductors to cerry heat into
the liquid oil. Furthermore, it would sppesr that some oil
refluxes down the walls of the stack, and that this might be
avoided by using proper stack insulation. This correction would
also tend to eliminate the excessive soot deposited on the inside
of the atack by thermel diffusion.

Estimaete of O41 Consumption for

Typiceal Industrisl Screening Project

No data are available which may be employed ss a basis
for astimating oill recuirements with any sssurence. British
reports give values of N of 1000 to 4000 for the Tweedales
under field conditions, But 1t 1s not clesr whether these refer
to the dsylight ground tests or to moonlight requirements and
viewing from aircraft. For 1llustrstive purposes, consider
amoke to be released on a one-~mile front with a 10 m.p.h. wind,

and sssume N, to be 2500, Tsing 30% excess mmoke (B w 1.3), the
required oll rate is

10 X 1,3 X 1610 X 1610 L%g% = 185,000 1bs. per hour

or about 28000 gal. p. hour. The area screened would be parhaps
4 aq. miles (see Fig.4). Using Langmuir's velue for optimum
particle sigze the rate would be reduced to 5600 g.p.h. If
moonlight screening permits values of N, as low as 5§ of the
assumed daylight value of 2500, then the oll rate would be

1400 gep.h, t 1s evident that no ressonable eati mate of oll

rates can be made until considerable field test data have been
colected snd analyzed.
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In any cese, it 1s evident that the cost of oll sgmoke
soreening will not be low, though 1t is clearly chesper than the
use of the less available chemical smokes.

COnclugions

1. A promising o1l amoke ger erator nsndling 20-25 g.p.h.
oil has been evelopgs. 1his is suitable “or mass production,
and involves only the ussonoly of parts ncw mede in dqusntity or
easily constructed.

2. The attention of the section should now be directed
to the development of simple small units not recuiring power.

Dsta on field tests with large numbers of generators
are urgently needed as a basis for the celculation of o011 rates
for typical soreening projects.
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APPENDIX
List of British 3eports Avail.sble

1. Porton Report 1400 (Sept., 9. 1935.)
. Summary of baesic principles of the use of smoke screens;
with comparative valuec of N, for stzndard emokes.

2. Porton Report 191 (Feb. 14, 1936).
Wind tunnel nepnolometer tests of smokes from
generators using chemical smokes.

3. Porton Report 1520 (April U, 1936).

Comparison of optical density measurements with
goreening lengths for chemical smoke generators.

4. Porton Report 1521. (April 3, 1936).
Functioning characteristics of Generator No, 5§ Mk, I
(zino=cslcium silicide), as measured in the wind tunnel.

5. Porton Report 2190 (March R, 1941).

Effect of various modifications in the design of the
Tweedale 01l smoke generator.

8. Porton Report 2239. (July 15, 1941).

Daylight tests comparing the Tweedale with the M.H.S,
Mk.I o1l smoke generators.

7. Military Attache (London) Report 42124. The methods
of use of Tweedale end the large Haslar generators, with a
drawing of the former and photograephs of both types in operation.
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List of NDRC Investigations Rela ting

to Screening Smokes

K. LaMer, Columbia University, New York City.

P. Steveﬁson, A. D. Little, Inc,, Cembridge, Mass,
Leangmir, General Electric Co., Schenectady, N. Y.

G. Brown, Univeraity of Chicago, Chicago, Ill.

G, Brown, Univeralty of Michigan, Ann Ardor, Michigan.

R. Haipaworth, Servel, Inc., Evansville, Indiana.

R. Olson, University of California, Berkeley, Cslifornis.

Games Slayter, Slayter Electronies Corp., Newark, Ohilo,

W, A. Matheson, Willisms 0i1-O-Matic Heating Corp., Bloomington,Ill.
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