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The Porformancce Testins: of thoe E19R1 Mechanioal
Smoko Generator -

by
X, Sincluir snd R,B,E, Stubbg

I. Introduction

Dotanils of tho horizontal acrecning lengths produced by the
Amorioun B19R1 Mocohanioal Smoke Gonerantor and of tho eff'iciency of
this gonorutor vhen compared with the Goacrator, Smoke,Mochanical
.1, are roported in P,T.P, 336. The results of trials carried
out to dotermine the rolative officioncy ond the length of the
aoroens produced by the E19R1 Gonerator, wthen such soreons are
viewod from the oir, uro reporiod horoin,

II Procodure

Four trials woro carricd oub swwlth onch of tho folluwing smoke-
producing oilst=

(a)  Genornl Purpose Fog Oil (to C.S. 28094)
(b)  Pool Dicuul 0il ( Pool 21, Diecsel Fuol, 45 Gutane)

In all tosts tho M.1 Gonorator wus oporated on Genercl Purpnae
Fog 01, its output buing adjustod (as far os possible) so that
the screona wroduced by both senoretors wore of u corparablo lengthe
For onoch smoko Ouispsion tho gonorators wore funotioned simultanocously
for a poriocd of 45 minutos over tho luyout shovn in Fig, 1.
Observations on tho lengths of the sorcons were made from a heliocopter
flying at a hoickt of about 1000 fook, between 20 and 3C, obszervations
boing mado durinz onch emission, Trials 14,34,44 and BA were observed
biy or)xo obgorver ‘(DJH) ~nd the rernining four trinls by a second obaerver
GEL

IXI. Moohanioal forformance

The E19R1 Gonerator porformed satisfactorily throughout the tests,
with the oxcoption of petrl vzlve failures ab the commencenont and
tornination of Tost ifc. 1i. Tho porformance of the i1 Generator was
sutisfrctory for Teats Nos. 14 to 6a. During Tosts Nose 7i and 84A,
hawover, the officicncy of tho M.1, Generator £oll to 78,0 ® due to an
aocumulation of rust nnd disintegrated lagging in the furnace chamber,
which only become apprrent vhen %he Generator was oxudned at the

conclusion of Tost, lo. Ji.

*®
The acreening lenyth reduced te stundord conditicns was found to have

fallca from 550 y-rds to 430 yards.
-
CISCREET

2+ o ey Ty om
uEui(bi

e

SR,

TR S,

P ML LY

gt LM ian O B




SECRET
DISCREET

IV. Results

Ve

Details of the smoke-oil used, the rate of consurption of oil,
-the releveni meteorological obasrvations and the length of the soreen
produced in eao* test,re recorded in fprendix A,

Deacon has shown in PR 2734, para, 56, that for white oil smokes
over land the horizontal soreening length, SL, is given by the
expression,

0.6 -O. LF'O O.L'-
s % (Q) u ?3-1) 4
where Q@ = sourcve strength
u = 2 netrs wind speed
R = ratlo of 2 metre to 1 metre wind speed.
d = distanco of sroke frenm the observer

The formula used for reducing the vertical soreening length $o standard
conditions in this series of trials was

2 o (@) %F & 06 BO

since from a study of the soreening lengths produced by the M1,

(G.P. Fog 0Ll in every cese) this formule gave & better neacure of
agreement than other values of the indices, It will be observed that
this formula is identical with that used for the horizontal asseusments
exoept that no correction is rade for "d", the viewing distance.

For trials with G.P, Fog Cll in both Gensrators the standard
soreening iengths SLy, havo beon ocalculated for Qg = 4.7 lb/min. (the
mean conswmpiion raie of oll in the Bi1oR1 CSaneraieor for trinls 14,64,74
end 8A). For trials with Diessl Oil in the E19R1 Generator snd G,P. Fog
011 4in the M, 1. Generator, a Q = 5.8 1b./min., (the mean consumption
rate of oil in the E19Ri Gonerator for trisls 24,34,4 A ahd 5A) has
den used, T™e other atandards used throughout the cnloulabions werei=
ug = 10 mepshe, and Rg = tethe The value of R in all ceses has been
czloulcted from the 2 retro wind srsed and the 23 £t = L £t temperature
gredient (P.R. 2572 and P.R, 2747) The stendard soreening lengths and
relative efficlencies, so calculated, ocre recorded in fprendix A,

Disoussion,

In terms of the standard screening lengths the resultsfor the M.1.
are fairly consistent for each observer: buf from a comparison of the
wosults for the two observers, the zcreening longth assessments are in
the ratio of about 2:1, Wnilic this is no doubt due to o difference in
eyasight or standard of vision the faot that no method of standexrdising
observers for aerial viewing has yet oeen found possible, precludes
adjustment of the results by msans of a correoticn fastor,

Wher the B19R1 Generator is considered the variation in results from
one trial to another with the same oil and even with the s%mo observei is
disturbingly large, Mo explanation can be given for this (the Gensrator
appeare:ingt?t‘mc%ion normally throughout the tests) and the best that
oan be done is to report the average of the results for each oil,

In addibion, and in order that the performcnoe of the E19R1 Generator
cormpared directly with that of the /pparatus, Oil Smoke, No.3,Mk 1,

mgy be
5 ant figures for efficiency vhen each Generator is compared with

tne relev

the Generstor, Stoke, Mechonical, M.4, have been brought together in Table 1,
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Tatble 1

Sc“eevun;" Ifficiencies of the E19R1 and
i.C.S. No, 3 Cencrators wnen corpared (vertical viewing)
with the M1, Generctor,

SMCOKE OIL SCREENTNG EFFICIENCY (%)
USAD ‘ 31‘9}'{1 fievieds NO 3

G.P. G OIL 67 7

POOL DIL3EL OIL ! 56 | 49

YI Conclusion

It is concluded from the results that the E19R! Generator using
G.P. Fog 0il gives = screen which is about 6?7% of that glven by the
¥.4. Cenerator using tho seme auourt of G.P. Fog Ol and that the
ratio falls to about 56% if Pocl Diasel Cil is eczployed in the

E49RY Generator,
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The Perforcance Testing of the E,19R1

Mechaniosl Seoke Generator
by

Ko 8inglair end RoD.8. Stubbs
STMMARY

The perfermencs of the Americen E.19R1 Mechanioal Smcke Generator
has been assessed, with a view toc determining to what degree it meets
ths War Office User Requirement for a mechanical oil =smoke generator,

From the results of the trials cerried out it may be concluded
thet ths Gensrater fails 1o meet the War Offioce User Requirement in
a mmber of important respects. It has failed te withatand both the
mechanical performance and olimatic oycle tests to which it nas psen
submitted, and the sareens produced when employing either Genersl
Purpose Feg 01l or Pool Diesel 01l are infericr in length to those
produced by both the Generatar Smoke Mechanical M.2 and ths Apparatus
041 Smcke No«3, Mx.ia

(Sgd.) S.H. F‘ryez'e,
Heed, Engirearing Seotdion,

(Sgds) A.C: Feacodk.,
RS/rUES/Fiz . Supt,, Development Diviaion.
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Tre Performance Testirg of the E,19R1 Mschanioal
Socke Generator

K

K, Sinclair ard R.B.E, Stutbs

I, Introduetion

In response to a request frem the War Office the E.19RY Mesheanical
8ocke Generator, an Apericen equipment operating on the pulse Jet
rrinciple has been subjected to tests with the object of defermining
to what degree its performance mests the War Office User Requirement
£or a mechanical o0il smoke generator.

Ths results of the tests, whidh were designed to ascertain the

- O mded n e W R Py, PR | 9 -
cporational, Dunotional and wechanicel reliehilide of the Censrator and

its efflciency as a anoke-produci uriit, are revorted herein,
J P ’ T

II. Desgription end Mode of Operaticn

The E,19R1 unit is a pulse Jjet smoke gereratar, which ig dewigned
to operate at variable smoke outruts froni 25-50 U.S, gal/ar., Its
empty weight is approximately 137 1b,., 2nd its dimensions are length,
40", height, 23" and width, 16.5".

The ocomplete unit is illustrated in Figs. 1, 2 and 3,

The wmit oonsists of a petrol tank, pulise et engine and exhaust
assembly, ignition assembly, smoks ©il assexbly and air pump., The
petrol tank, which has a capacity of 3% U.S. gal., is mounted withir a
welded tubular frace (Fig.h)o The engine and exhaust essexbly are
encased in an insulated oylindrical shell which is mounted tolow the
petrol tenk (Fig.5)e This assembly comprises a cccbustiorn chamber and
exhaust tube (Fig.6), and engine head unit {(Fig.7)s The ignition
syster oorsists of a foot operated switch, two 6-volt dry batteries and
a coil and spark plug assembly,

To start the pulse jet engine a rirture of petrol (grevity fed from

+he petrol tank) and air (rrovided by the hand cperated sir purp) is
injected intc the cowmbusticn ahacber end igrnited by zeans of a spark.

SECRET-DISCREET
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Tre rrossurs lovelored by %he subsegquent explcsion kseps the inteks

velve closed n? ceuses the hot _LeBes t. scex escopc via the gxhaust
titbe. &8 the gases mcove towerl the exheaust tube op ening end awey

frco the potels on the intoke valve, %the rressure is 1 wered anG the

petels rrec “rawn opene & partial vecuw fs dovelered near the Dete_us,
wnlch induces atuospreric eir to flow ":‘.rm_;h the venturi on the engine
heed and cover the fiow ejectir. a8 tho rir pesses cver ithe flow sector,
it ireaws encther cherge of petml ir.ty *‘*.e cocbusticn chester anld a
furthor expliosicon takes rlaca. jote} i@mlu_..g gperk 1s reguired only

for the initial ex"lcsi”n, suocee..lng diarges being set cff by the

rolling or propegeting cf flame beck and forth in the cocbustion chamber,
The cyvcle or freguency f\f explogsions is sixbty per seccncds To stop the
Generatar it is first necessary tc out-off the ol supply and to ellow
the engine to race untll smcke ooission coeses. At this point the engine
is stopped by momenterily squeezing the petrol supely pipe tetween the
£low ejector and the englne head,

The smoke 0il assactly ccnsists of o quick-opening oil valve, cil
flow needls veive, oll filter and hoss, autooetic ghut-off valve and
dmm dip pipe. The &ip pipe, tc the outlet ond -2 which & guick -
cpenirg oil valve is fiitol, nakes en air-tight oconnecticon when sarewed
intc tho saske oil drunme A oonrecHn; tubo tetwoen the top of the
0il drun and the ocwbustion chember, ensurea, once the englne has started
that the drmm becomes pressurized tc a ges pressurc -f about 40 1b /sq....n.
The rate of fiow of the smoke 0il 1s regulsted by a nesdle valves In
eddition to this valve thero are, in the szoke oil line, e quick-opening
gate valve and on mutccatic shut-off velve, the latter closing when the
engine stopse The antomotic shut-off valve is of the pressuwre actusteld
ddephragn types ¥When operaticn cecses the prossure in the 21l drunm,
being greater than the presswre in tix combugtion charbter, causes this
vaive to close sutcatically,

Cr. being injectel intc the exhaust tube, tihc sncke oil 1s impediately
vapourised by the heet from the conbustion cherber; The vepour so
produced thon passes twrough the dscherze wanifold intc the air, expands,
gives ur heat and finally condenses eas vinute droplets <f oile An execple
of the smoke olcud producel by the generc~ar is iillustratsd in FigeB.

III. Generators enployel in the tests

Five B,19R1 Mechenicel Snioke Generctcrs, Seriesl Nos. 10, 41, &2, 43
ard Li,, were zale eveileble for the tests.

IV, QOperational, Tuncticral end Mechonicnl Perfornence Tests

The following tests have teen carriel cut on cne or other of the
generetors referred tc in Section IIT.

Ay Prelicinery functiconing test,

B, 100-hr, continusus fuieticnin -~ test.

Cs Acceleratel zecnanicsl stirenptk tess,.

t3

v Accoelerated coliretic cycle test,

w2 -

SECRET~DISTREET
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A, Prelininery Functionins Test

The objeots of this test were threefolds=

1o to provide the British operators with an cpportunity of zakdng
thenaelveas farilier with the layout of ihe E.19R1 Generator,

2, to enable ths British operxtars to escquire the techrniqus necessary
to ensure operation of the genarsetsr at mexions efficisncy, and

5s to determine tho operaticnal reliebility of tho generator when .
elternetive mmoke-producing oils are cmploysds

Ths test, which was perfsrmed on Generatar Sericl No.1C, tock the
forn of a pericd cof 37 hours of discontinucus functioning during which,
elther Genaral Purpose Fog 01l cr Diesel 0il, was erployed as the amcke-
producing agents 4 rceoord of the coourrenco end frsquency of pechanical
failures,the measures adopted to overcore these feiluresanl the sugnestions
malis for icprovement in both the component pewts of the generatiosr end ths
tools provided for use with it, was cedntedned tizough the tesis, This
reocord is reproduccd in aAppen’ix A

The British operators faund the Generntoar comparatively simpls o
operate at meximu efficiency and therc would sp-eer to tc noc resson why
British troops whc have beon traincld to operate the Apperatus,0il Scoke,
Nos3, ¥ket, should not be sble tc oparate the E,19R1 Genasrator, after =
short period of instruction,s The tine froo a cold stert to amission of
somoke wos found, wnder good corditicns {i.0. full drun of amoke oil of
low viscosity) to te less then onc iinutes It wos ascertained also
that smoke producticn ocouid be termirnated within 20 sgoonds and restarted
without any epperent effect cu the generator, When asct to naxdous out-
put the Generator functionec autonaticciiy unill such tius as Wi Imx
of saoke cil becane copty. It will be nppreciated that, Jue 4o the
layout of the swoke -2il feel systas, it is necessary tc shut the Genarator
dewn while the dip pipe and pressurc lirc are transferred fron the empty
te the full drm. Durding the test it was abserved that,on sowce oscasions
when the generator wes closed down effer e pericd of cperation, flaucs
erpeared et the ecission nozelaes,

The Generator performed setisfectorily on toth Genersl Purrose Fog
0il ani P2ol Diessl Oil, the mean rates of oonsunpticn at the meximr
setting being as follows; -

Generel Purposs Fog 0il 30 Toperial gel./hr,
Pool Diesel 04l L1 Icperial gale/Mre

Since the viscosity of GoP, Fog Cil at 60°F. is 1,142 Redwood Seoonds
ard that of Fool Ddesel 01l 42 Redwood Seconds, the low throughput
recorded when the foraer cil is emplcyel as the sooke-producing egeant,

is unicubtedly due to 1ts wore viscous natwrc. Thoe isan consugpiion

of petrol during the test was 27 Irperial zal,/hr, an ettecpt o employ
Pool Fuel 01l as the macke-nrocducing agent failed occipletely. In the
first test the resistence offered by the oil filter t¢ the 2il fl-w was
auch that the retec of oconsuption foll %o a very 1ow lovels For the
sacon’ test, thercfcrs,; the il filter was by-passsi, Even this test
hed 10 be abenionel after ¢ sh-ort feri:d; howover, owing to the exceasive

,<T.-..m_r,__‘-: [
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ThKLE 1.

Hesults of the "Bup! Test (13.8,52)

. Time !
i From Zero Results
Ei:la }
!
Zero Test counenced, :
Z¢5 Flow ceter becane loose in its case (Fig. 20),
Z+8 Pressyre gauge needle dropped off its pivot {Fig.21).
7+ 13 Petrol tank svstained a fracire {Fig., 22) and contents
drained ocut,
2+ 7 Petrol pipe commestion %o floet chamber broke off at
(3top watah the coupling (Fig. 23).
failed),
Z+ 20 . Toat completed.

L

Since, owing to the failure of the petrol supply, it was not possible
tec function the Generator ot the erd of the test, it was dismantled and
subcitted to a thorough exarination vhich revealed ths follocwlng faults: -~

1¢ The £loat bowl assecbly had worked locase,

2¢ The fiexitle petrol tipe had develcped a fracture.

3e The glesswocl constituting the lirning had settled into the lower
portion of the shell {Fig, 2.).

The loosening of the flow-meter in its case (see Teble 1) ocould be
readily cvercaze, by cezenting the retaining screws in position,

D, Accelerated Climstioc Cvecle Test

The test, which was perforwmed cn Generator, Serisal No. 44, oconsisted
of submitting the unit to the folicwirg testsi-

(1) Visual Inspection and Perfcrmencs.
(1i) Dry Heat {first test).

{444) Dam; Heat (first testi).

b UG
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(iv) Low Temperature,
(v) Dazp Eeat (seocond test),
(vi) Dry Heat (seocond test),
(vii) Demp Heat (third test),
(viii) Visual Inspection end Perfertance.
(ix) "oriving Rain” Test.

Owinrg to restricticons on the use of the ciimatic chembers availsble,
it was not possible tc make ascoke during the “exposwurs, and tests wers
sonfined to operation of the engine orly, for shart periods.

(1) Visual Inspection ard Perfarmance Test

In this test the Generator, folleowing a visual inspection,
was cperated fcr ten ninutes. The result was satisfactcry and
the unit arreared to be in normal ruming orders

(11) Dvy Heat {first test)

Ths Generator was stored in a Hot Chamber at a temperature
of 55°C, + 1°C. {434°F,) far a period of eight hours.

The engine was cperated for three periods of three minutes each.

Operation cn each occasicn wes satisfactory with the exception '
that engine pulsations were samewhat unsteady. It was also
observed that Luring these “rief periods of operation, a blue
flene played round the petrol inlet %o the engine head,

- (i1} Damp Heat (first test)

The Generatar was stored in e Hot Chacter, at a temperature
of 40°C, + 4°C. (404°F.) and & relative mmidity of at lsast 95%,
for a period of twelve hourss IDwring this time the engine was
opereated for three periods of three mirutes each. During the
first period, which followed the charging of the petrol tank with
petrel at norzal teoveratws, the engine function satisfactorily.
During the seacnd and third periods of cperation, however, when
the petrcl hal reached the arbient temperatwe of the chember,
the uneven pulsaticn cf the engine agaln became evidant.

(iv) Low Temperature Test

As agoon as Test (iii) had been completed the Gensrator was
placed in = Ccld Chamber, at & temperature of 409, & 1°C.(-L0°F,)
for & rericd ¢f twelve heours, Durding the exposwe the engine ws
operated for three reriods sadi of three oinutes duration. At
fhe first attecst the Generatar failed 4o stert for the foliowing
reascns: =

(a) The "snapr-cn' air cormector would not clip on tc its
mele cornecticn,

-6 -

|

SECKET-DISCREET




(v)

(vi
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(b) The batteries registared a voltoge of only 3 voltse

(e) Ice collected cn the carth buttcn ot the base of the
"Stan=-Tegt" coil, thus inswlating this corponent from
the freus.

Tn zddiiion, Thu rpeotrel, eil end Ar zigos had Pecens herd and
s5tiff.,  Tho potrol pipe, waich iz medec of plustic materiel, had
tordoncd te sud. cn externt thot it eculd rot bo romoved frec the retrol
jote

.t regrrd te {o) rbeve it should bte peinted out thnt remeval of
ghi Gernerntor frou the drmp etmesphors of the Het Chasber dircetly into
the Cold Ch-mber, uay anve given rist to conditicns favouring the
forzation of lee on tho carth butwen ~t the tase of the "Stan-Test" coil.

Aftar the old bdettorics h.d tocn roplcecd by now ones (2n operaticn

ande difficult by virtuo of tlr hardening of the plastic ccvercd osbles) i
the iee broken -7y fre: the oarth button and o suprly of warm alr was
mrde aveilsblo in she roglen of the engine hends  Tho ongine of the

norater w.s tien cporntsd for three winuctes during which poriod it
funietionzd s-tisf-.ctorily, It could only be stopp.d, howcver, by
clesing the potrol cocke During the sceend ~nd thind piricds of
opiration, for both cf which 2 supply of wars ir to vepourisc the petrol
wns miodc nvalleble, the engine funotioned normallys.

Damp Heat (second test)

On the comzletion of Test No.4 the petrol wes drained from the
petrol tank and the Generator was returned to the Tamp Eeat Chamber
for a pericd of 12 houwrse The tank was then cherged with petrol
at norcel temparaturc and the englne wos functioned for a period
of Umes wliiutese aon abtbent W rgcat this $ost failcd and it
was found necessary tc reuove the ernzine head end rerlace it by a
new heed befkre functioning oould te reccmmenced, A photograrh
of the faulty head is reproduced in Figure 25, Following the ;
fitting of the rew head tlree, three zminute pericds of operation ;
ware carrieé out, during widch uneven pulsation of the engine
was again evident.

Dry Heat (second test)

Repeat of Test No,2, The first tiree minute period of operaticn,
during whidh petrcl et norcal temperature was uced, was satisfactory.
Purther attempts to run the engine, failed, however, in thal the
angine would start and then stor. Since this was resumed to te
due to the fact that bty this time the petrosl hald reached the arbient
tamperature of the chamber, the generator wes removed from the
chenber, allowed t¢ cool down and cperate in the sren alr, Cperaticn,
under these corditions; was comrletely sstisfactorye.

Darp Heat (third test)

Aereat of Test No. 5. The first three minute pericd of
eration, using petrol at noarmal teocerature, was satisfactory,
op ? B P St 3
At ths commencepert of the sscond pericd, nowever, when the
temperature of the tetrel hed reached the embient temperature
of the chamter, the engine fired tack through the head and the
petrcl vercur from the float chamber vent ceught fire, Before
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the flames could be extinguished the leads 4o the ficwmeter
had igrited, Further atterpts to run ths engins falled,in that
the engine would start end then stop irmediately afterwards.

{viii) Visual Inspection end Performance

A% the comrletion of Test Noo7 the Geansrator was returmed
o the Dry Heat Chamber far a rericd sufficient to ensure that
the machine woulid be thoroughly dried cut. 4 visual inspection
of the compcnent perts of the unit was then rede and the machine
was cperated in the ogen for e pericd of ten minutes, No fault
could be found end the Generstor cperated satisfectorily., A4
phetograph of the Genera.tor as 1t esppeared a%t the occmpletion of
tests (1) to (viii) is reproduced in Fig,26.

(ix) "Driving Rain" Test

The Generator was placed in a chember fltted with eight water
sprays arranged to simulate the effect of "driving rain", Ths
rachine was subjeoted to ths test for 1 houxr, Throughout this
periocd ths CGenerstor was continuously rotated (at betwsen 12 and
20 r.pem.) about a verticel axis rassing through the centre of the

equirment and the centre of the chamber, At the end «f the exposure
period an atterpt wes made to orerate the engire while atill subjected
to the "driving rain", Although the engine started satisfactorily

it stopped egain almost immecdiatelye. Since this wms thought to
be dus to water entering ths emission noszles the "driving rain®

rlaying on the esmission noszzles was twrned off and a further atterpt
was made to start fie ongine. Although the engine started readily
it stopped again within one minute owlng to water having percolated

through the emgine head cover,

V. Sexconing Efficiency Irials

1e O'b,'eo".:

The object of the trisls was to determine the relative efficiency of
the E,19R1 Generator; es a smcke-producing unit, when corpared with the
Generatsr, Sucke, Mechenicel M;1 (the "Esso").

24 Procedure

A mmber of trials were omrried out with each of the following smcke-
rroducing cils; -

{a) Gencral Purpose Fog Cil {to C.3.28094).
(b} Pool, Diesel 0:il (Pcol 21, Diesel Puel, 45 Cetane).

In ell tests the M.t Generator wans cporatsd on Gersral Purposs Fog
041, its output being adjusted {as far as possible) so that the screens
rroduced by both generators were of a coonarable length, For each smoke
erissicn, screening lengths were measured at half nminute intervels over a
period of ebout half en hour. Sareen heights were measwred by thacdelite
at tw minute intervals, The observatiosn pointe were at flank positions
estimated tc be sebout 1000 yards frow the end of the screen and so rlaced
that the end of the soreen was viewed ag near to the rerpendioular as
poseliblia,
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Ten trials wers atterpied between 18.2,52 and 12.10.52 of which
eight were successful {trials 2 and 3 and 5 to 10). The screening
langths used in the results were alli msasured by the same cbserver ani,
exogpt for triels 3 and 7, were all viewed fror high ground against a
fairly level background. Triels 3 and 7 ware viewod froz low ground
against rising backgramnd. Wind spesds ard directicns at 2 metres were
measursd near the source of emissiont the temperatwre gradients were
cbtained from the records at the Metecrological Staticn in C,DeE.3e
During each emtasicn the temperature of the smcke oil used in the E,{9R4
was Tmeaswred and rscorded, Thess tenmperatures together with ths curresponéd-
ing oil visccsities are shewn in Appendix C,

3, General Cbservations

The signifiocant peints arising during inddividuel triais are noted
beleows absence of ocomment indicates satisfaociory fumetioning and
satisgfaotory assesszant of saresning lengths,

Trisal 1. The E+19R% gave an shove average sareening length under
good meteorological conditions, The M.1 develcoped a numogr
of minar mechanicel feults and as a result the screen produced
was sbnormal,

Trial 2, Rather large wveriaticns in serssning lengths were observed
throughout the twriel, especdally with the M4, The wind
was on the light side for good assesspent.

Trial &4, In this trial there were large differences heiweem the observer
and the sareen for the two sareens and both sareens were
observed obliquely., The assessment wzs not included in ths
pesults,

Trinl 6. Saresn heights wars «bove average dus tc the wind bein~s lighter

and the lapse straiger than narmal for the seriss,
4e Resulis

Detadls of the lengths and meights of the soreens rroduced, the smoke
oil used, the rate of consurption of oil end the relevant Meteorclogical
observations ere givan in Appeniix D,

(a) Eorigontal Sareening Leangths

Deacon has shown in P.Re2734, para. 56, that for white oll smokes
over land, tie sareening length, S.le i3 given by the expressicn

. he 06 I'o [ ]
ﬁ;oc(Q)o 6 - <0 (R—1)4 a Ook

whera Q = source strength i . 1x,/min,
U = 2 metre wind spesd in nmcTehe
R = ratio of 2 metre to 1 metre wind spesd.

d = dlstence of smoke fromw cbserver in yaxrds,

For trisis with G.P. Fog Oil in both generators the standard soreening
lengths SLg, have been caloulated for Qg = Le7 (the mean oconsumption rate
of oil in the E.19R1 for trials 1 tc 6), For trials with ddesel oil in
the E.19R1 and G.P, Fog 0il in the ¥.1, a Qg of 5.8 {the mean consuzption
rate of oil &n the E.49R1 for triesls 7 to 10) has been used. The cther
standards used throughout in the caloulaticnse were:—= Ug = 10; Rg = Yofih,
and d.s = 1%09
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The value of R in all zases has been calculated from the 2 metrs
wind speed and the 23 f£4, - 4 ft, teuperaturs gradient {(P.R. 2572 and
PRo 2717)¢

(1) Standsrd Screening lerngths for the E.iSR1 end ,2 operating
an G Fog Cil.

Froz five triels (1, 2, 3. 5 ani 6) the mean SLa for ths
E.19R1 at Qg = 4.7 18 370 yards and fram four trials (2, 3,
5 and 6) the mean SLg for the M,1 for the sans Qg is 49O yaxds.
Thus the efficiency of the E.{9R1 relatlve tc the M.4., beth
using G.P. Fog 0il is about 76%.

(i) Stendard Soreeni ths for the B.15R1 and M,2 cperatin
on Pool Diesel 0il and G,P. Fog 0il, respectiveiv.

From four trials (7 tc 40) the mean SLg for the E,19R1
is 270 yards end fcr the M,1 52C ysrds, both at Q5 = 5.8.
Thus the efficiency of the E,1%R* using Pecel Diesel 0il
relative to the M.4 using G«P, Fog 0il, is sbout 52%.

The mean SLg far the Mot for all trials inaluded in the
results, reduced tc Qa = 45 is 960 yaxrds, a figure which 1
in agreement with that found in the comparative triels of
the Apparatus, 0il Smcke,; Ne,3, Mk.1 reported in P.TFe Noel232,
In the latter trials the pean SLy for the M.1 at Qg = 15 was
glven as UL yards,.)

(v) Heights of Screens

Eeight neaswrements at estimeted mid-points of the observed sareens
ware mede by theodolite froo the cbserving positicns. From these
measuwrerents and using Fig.14 of Honograph 3.208, the astimated heights
at 100 yards and 200 yards have beern calculated and recorded in Appendix
D, Ths figures for the estimated heights at 100 yards from the source
are not as reliable, exce; for trials 2 ard 7, as these for 200 yards,
The heights have not been standardised for output and metecrvlogicel
oonditions end the higher neen heights of series (i) teilow compared with
geries (1:1.2 Day he accounted for meinly by the generally higher winds
in series (ii),

(1) Scxresn Heights for the Z.19R1 and the M.? cperating on GePs
Fog Oil,

Prom the mean of trials 2, 3, 5 and 6 the height of the E.49RY
screen at a distance of 200 yards from the source is 4B ft., compared
with 60 ft, for the ¥.1.

(41) Soreen Heights for the E,19R{ and the M.i cperating on Poel
Diesel 011 and G.F, Fop 0il, respectively.

The mean height of the E,19R41 soreen at a distance of 200 yards
from the source is 34 ft, occmpared with 42 £, for ths ¥.1 generator.
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5. Diecugssion

I% will be appreclated fror an exarination of the measurements
recorded in Aprencdix C that the difference in the mean throughpuis
when GoP. Fog 0id and Pool Diesel 0il are employeéd, is largely due
$o the more viscous nature of the former oil.

In order that the performarce cf the E.1SR1 Generator may be
oompared directly with that of the Generatcr,Smcke, Mechsnicel, M.2 (3esler
50 TV.8a gal.) and the Apparatus, Cil Smoke, Nce3, Mk.1, tho relevant figures
for the saxreening longths produced under standard conditions by each
gonarator, have boon btrought together in Teble 2.

TABLE 2,

Horigontal Scoreening Lengths producsd, undsr standard

oonditions, by tha g,z., 321231 and AeQCee NoeJs
¥eachand Smoke Gererators,

Smoke 0il Horizontal Sarsening Length
used yd.
M, 2 J' B.19R1 A.048.N0.3
GoFs Fog 0il 580 i| 37 ! 780 |
!Pool Diesel 0il » T 270 400 J

® No reliabls figure evailatle,
6, Further Trisls

Trials to determine the length of the scresns produced by the
B.19R1 when such screens are viewed vertically, are in hande The
results of these triels, when aveilatle, wilil be reported as an addendum
to the present rsport,

VI. Perfarmance of the E,19R1 in reiation to the War Office User Requirement

An appraissl of the degres to which the performance of the E,19Rf
Gensrater mests the War 0ffice User Requiremwnt for a mechanical oil
am~ke generator, is given in Appeniix E.

Vii.Conclugicns

It is ccncluded from the results that the Z.19R1 Generator fails to
meet the War Office User Reguirement for a mechaniocel oll smoke generator
in & number of important respects.s It has fallsd to withstand both
the zechanicel performance end clizatic cycle tests to which it hres
been submitted and the scrsens produced when empleoying elther General
Purpose Fog 011 or Pool Diesel Oil sra inferior in length to those
rroduced by toth the Generator, Scoke, Mechanical, M.,2 and the Apperatus,
0il Smoke, Noc.j3, Mk.%.
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SPPENDIX 4.,

Preliminary Functioning Test — Reoord Sheet

During the test three petal valves falled after working periods of
30 hours, 4 hours and 3 hours, respectively.

The Joint on the fiow ejector, at that point whers the elr connection
Joins the petrol metering jet holder, fractured during the eaxrly
atagses of the tests A rspair wes effected by the spplication of

brazing.

When oparating the generator in the field great difficuliy was
experianced in remcving the oil filter frow its holder, The
difficulty was due entirely to the inmcoessibility of the filter
holder,

On attempting to roplace the filter cartridge in its holder, it
was found that only with consideroble difficulty could the large
dlameter spring on the end of the filter cartridge, be coaxed
into the holdsr, It wes alsc observed that the screw thresed on
the filter body 4ube, which is of a fine pitch, readily became
aoss-threaded dwdng re-assembly operations.

It was observed, when functioning the generator, dwring a apell
of cold weather, that ice formed in the pressurizing valve assembly.
The provision of a wind shield is indicated.

Congtant trouble was experienced with the smoke oil flowmeter due
to both the breaking of ths electrical ieads and the condensation,

of molsture within the meter 3420108 Tt d4c repommended that a

more robust meter be fitted,

During the test, information was received to the effect that the
10 m/m. sparking plug is to be replaced by & 14 m/m. plug. While
endorsing this ection it is recommended eiso thet a more robust
type of watervroof "snapr -on" ocnnection be fitted to the HeT. lead.

Difficulty wns experienced in ozerating the two locking levers on
the "Evertitd’ coupling on the dir pire bhead, and it is recommended
that these levers be lengthened.

It was observed that the brass ferrules oun the neoprene cormecticn
betwee.l the fioat chamber anl the petcring jet, readily becams
detached, 4 more positive connection is desirabls,

A3 a regult of the test the fcllowing recommendations are made
in respect cf th¥e tools suprlied with the generatar:-

(a) that the bung wrench, which is inefficient be redesigned,

(b) that the enginu head wrench te replaced by two separate
spanners;  one for the head Iodcking ring, the other far <he
head itself, The rrovisiorn of tw such spanners will enable
the operator to ensure that the stariing pump fitting is located
i the "down" rositicn when the engine head is lcocked.

{o) that two "positioring” holes be driiled in the engize head and
& two-nin spanner be provided, sc that the petal valve can te
properly located tefore beirg lccked in position.
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AFTENDIX C,

Sarsening Efficlensy Tests on the E.19R1 ¥echanical

Staoke Generator.

Temperature and Viscosity of the Sooxe Dil used in eacn Test

Trial | . - i ¥ean Rate of Terperaturs : Viscosity
No. S=oke 0l Used | Consuciption, | OF, { Redwcod
| 1o./ning Imperial ; Seccnds
' ! SalG/hr' L L
T M ! i
1 General Emose | 5.1 ' 35 ) 1{—2 i 2’910
Fog 0il, i | | |
2 Generel Purpose | Le5 ‘I 29 44 3,060
Feg Oil. | !
. 3 =7 i
3 | General Purpose | he7 | 34 { 40 3,220
| Fog 0il. 1 g l
T !
5 | General Purpose | hkek | 28 52 1,740
1 Fog 0il, - '
L Ll + !
§ | General Pupose 5.5 35 | 77 " 540
I Fog 011 : :
; -+ t ;
7 | Pool Diesel 0il 640 42 73 i 38,5
f |
' |
8 Pool Diesel Cil 506 39 .' 63 4440
9 woom w1 5.8 11 58 1255
10 L N 4 50 4540
- 3 e
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fie 1 £ {9 Ri MECHANICAL SMOKE GENERATOR
- END VIEW
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FIG 2 EI9RI MECHANICA. LMOKE GEMERATOR
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FIG. 6. EI9 Rl MECHANICAL SMOKE GENERATOR
- COMBUSTION CHAMBER AND EXHAUST TUBE .

o

FIG. 7 EI9 R! MECHANICAL SMOKE GENERATOR
— ENGINE HEAD UNIT

2 4 3 H]




FIG. 8 EIJRI MECHANICAL SMOKE GENERATOR

— TYPICAL SMOKE SCREEN .




FIG 9 EISRI MECHANICAL SMOKE GENERATOR
— PETAL VALVEWHICH FAILED AFTER A
WORKING PERIOD OF 30 Y4 HOURS




FIG. 10. E |9 Rl MECHANCAL SMOKE GENERATOR
- PETAL VALVE WHICHFAILED AFTER A
WORKING PERIOD OF 42 HOURS.
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FIG. 1| EIGRI MECHANICAL SMOKE GENERATOR
_ PETAL VALVE WHICH FAILED AFTER
A WORKING PERIOD OF 3'/2 HOURS.




£ 19 R1 MECHANICAL SMCKE GENERATOR.

FIG 12. DEPOSITION OF CARBON INSIDE THE
SHEL ND -~ PLATE .
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FIG. 13 DEPOSITION OF CARBON INSIDE
THE SHELL
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BiG.14. E9RI MECHANICAL SMOKE GENERATOR
— DEPOSITION _OF CARBON INSIDE _THE
EXHAUST TUBE. ([ —m=)

P
o e e ¥

FIG IS EISRI MECHANICAL SMOKE GENERATOR
- DEPOSITION OF CARBON ON  THE INSIDE
OF THE ENGINE HEAD ( — =)




FRACTURED WELD

FIG 16. EI19 R! MECHANICAL SMOKE GENERATOR
- DEPOS!TION GF CARBGN ON THE
OUTSIDE OF THE EXHAUST TUBE (—=)

217 219 RI MECHANICAL SMOUKE GENERATLR

- DEPOUSITION OF CARBON INSIDE THE SHELL




FIG 18 EIGRI  MECHANICAL SMOKE GENERATOR
-DEPOSITION OF CARBON ON THE SILENCER.

FIG. 19 EI9R1 MECHANICAL SMOKE GENERATOR
—DEPOSITION OF CARBON iN THE PRESSURIZING VALVE.
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T GALS PER o
MOKE O Rapg.

SCREWS

£IG. 20 EI9RI MECHANICAL SMOKE GENERATOR
— FLOWMETER AFTER BUMP” TEST. ( NOTE THE SCREWS)

FIG 2] EISRI  MECHANICAL SMOKE GENERATOR
— PRESSURE GAUGE AFTER BUMP™ TEST
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“ T L7 - PETROL TTANK _FRACTURED "DURING “BUMP

U FIG 27 EI9RI__MECHANICAL 'SMOKE GENERATOR
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€16 23 E 19 RI MECHANICAL . \< KL GENERATUR

“PETROL__P!PE_FRACTURED DURING BUMP
TE 5T




FIG 24 EI9RI MECHANICAL SMOKE GENERATOR

—POSITION OF GLASS WOOL LINING AT
THE COMPLETION OF THE ‘BUMP” TEST
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FIG. 25. EIGR! MECHANICAL SMOKE GENERATOR
FAULTY ENGINE HEAD EX TEST N° 5 (s )

FIG. 26 EI9RI MECHANICAL SMOKE GENERATOR
— APPEARANCE AT THE END OF THE
CUMATIC CYCLE TESTS.
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