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Detonation in gas mixtures. I, Effect of lead

L
2t tetraethy! on‘the formation of the detonation wave. v. e
i3 Influence of the ‘‘chemical presensitization’ on the initia- -ee
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Alr. M. Rivin snd A, Sekelik. Acis Physicochimica, 7. 8. pp. 838~
836, 1937. In French.—Experiments in 8 30 m. tube reveal the impossi-
bility of producing an explosion wave spuntancousty in mixtures of ethyt
ether, pentane and petroleum ether with air at normal pressures and
temperatures and with ignition by powerful condenser discharge. In all
cases the flame is extinguished within 10 in. from the spark. o hydro-
carbon-air mixtures, analagous to mixtures in a petrol engine, the explosive
wave is only ted within narrow limits of concentration near the
stoichiometric mixture but a ™ pecudo-detonative’” wave is observed
within wide limits of concentration. Detonation is not obtained in hydro-
carbon-air mixtures containing 4 to 8% CO, which are closely similar to
actual motor mixtures ; it appears therefore that detonation in an internal
combustion engine is entirely determined by the ™ chemical sensitisation ™
of the gas mixture during compression.  The limits of detonation of CiH -
air mixtures are defined and the imp ssibility of ignition of ethanc-air mix-
tures by an explosive wave ia demonstrated, For the first time a detonat-

ing wave is produced in COp-air mixtures in the prescnce of insignificant
JLEK

quantitics of H, or CyH,.
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It sppears that esidation prosssses following the cold
flame lead to degradation of the detonative propetties
; of the mixture; m oxidation may thereforo . . L
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Peroxides and detonation in internal combustion en-
gines. A. S _Sokolika.fets PAyucam U RN N9,
- O R)(in French); of. 0 .1, 33, AI67% ~The
nuclear idea of the perovide themy is no longer tenable.
Peronides, which are formed sharing eompression, are pri-
unary oxidation products and furnish active centers for the
subsequent oxidation of the hydiocutbon by a chain-re-
action mechanism.  Detonation is cansd by the sudden
variation of the kinetic properties of the mixt. during the
very shoet delay period and subsequent explosion wave
For detountics a cortam conen of petovides must he
reachod imnabately belfove igniton of the last postion
W the charge. Fhe sman. comen. of porosides yery pearly
cuincides with the appearance of the cold ame; the conen.
of ukdehydes iacreases for somne time thereafter, comcinling
with the disswn. of perovides.  Eapt!, results show that
detonation diwppenss not only (1) through the slowing
down uf the initial ovidation reaction, but {2} by its pre-
mature development and consequent degradation of the
detonating propertics of the mixt. as a result of prema-
ture dissocn. of perovides. The avidation of diisopropyl
cther is discucsed as an example of thy latter type and the
effeets of preheating and of varfation i the no. of revolu -
tionn of the motor e mentioned  Soice naphthenes and
praratling ovidiee e cavty fn the gaseswes pliase than m
the Rauid pliase, wnd siee withe olviins the opgesite s
true, vracked gasolines show Jess antuletonating alnbity
when preheatid than do straightran pasolines of the wame
octane no. Reduction of the tine for chem. “sensaitisa-
tion"’ is a factor fuvosahle to detanation, o Avers
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ure coefficient of p'nﬂum reactions and the
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pe:

. Sokolik. A
Physicockim A7 RS N ML NG UIITR T
- ‘Fuf Iy atwous ignition o various hytlnn‘ulmn-u_it

1w relation of tite lug to temp. s given by e~y
or the lower temp. goue and by 198 = ¢ for the up-
temp. gone (= time lag, y = terpoowedl,, o= ontis
al temp of spontancons igmto, p o= vrithel pressins of
wpania s it o = onaded of teaction) . Pt
data o cHiane, propame, propylene, heptaie, otatic, e
octane amd dusopropyl ether us well as some other Tuels,
S. finds that the tendency of @ fucl 1o knovk is greater the
greater the temp. coefl. of the preflame reaction, or tin
the low-temp. zoae) the higher the pressure. The be-
havior of a fucl can be predicied from y (1 — (17, V320
= A. The caled. and captl. erit. compression_ratios
won, ArE, Tesp.s  octane 2.2, < 1R: heptane 2.6, 2.8;
hexane 4.0, 3.3; pentane Gnint.) L0, 3.8-3.7; propane
12.3, 12; propylene 9.8, 8.4 ethyl ether 3.3, < 3.9;

Vioe L11eviees woam3Y

C$ 5.3, > 415 The temp. coclls, detd. as above are

the av. values for the complete ovidation provess rathy

than for any single definite reaction, and are @ weas

of the accumnulation or destruction of the intermediate

active products.  For {is0-Pr),0, ¥ is negative at 2807,
¥. H. Rathmann
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The spoataneous igniton of hexane air mistures = A
Vaptovshil, B, AL Kravets and AL 8. Sohobih. e
Physwochem, 7. K. 8. 8. 11, 7213t G Englsh
~The “*pressure minima® (cf. Townsend, . A. 32,
2411%) on the low-temp. boundary zone disappear when the
app. is clean and the gases are quickly introduced and
P increases contingously with temp. ‘The min. are as-
rribed (o residuab gases from the previous exphoswon. -
sorption of COyon the walls causes a retardation of 25
in the low-temp. sange similar to that produced by Ph-
(Et},, but has no effect in the high-temp. range. The upe-
por tinnt for the low-temp, tegion of various hydrocarbons
increascs with the mol, wt. The shortening of the ““tune
Lag'* foumd by Neumann and Kane was due to contantin-
tion by the products of the previous explasion. Cf. ..
33, 00N, 6HTHS, F. H. Rathmann
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influence of temperature on the detonation hmis n
hy en-alr mixtur AL AL R, J. Phyr Caem.
(. 8. S.RI 15, S0, ~The conditions under
which & s1atiunary Wave piascs over into s detonation wave
through a temp. drop [rom the burning into the cold mist,
are discussed on the hasis of evpil. data fora 15 2275 He-
air mixt. at 20 W0, Inflamation by explosion waves tunst
be detel. ot unly by theit maguitisle but alo by thei
peofile.  Increasing the initial terp. Jowers the lower ex.
plosion limit.
he inmbe explinive.  The wave eaction hos @ pos tewp
coetl. Mot fornmatian of un explosion wave in a mater
cylindes amly the initiating cvplinion wave is neveany
Pliis van be fosmed ouly by esplasive comlugstion as as
wmed by Serrues (C. 1L 20, 0208 U'he detnpatsn ware
theaty of Sakolik (0. .1, 33, 0hNGT) s criticizal as invon-
et with the thermslynauie foundations ol the tlicory of
detonation.  Further ertons e Sok Lik's caleis aie
cluimet. Answer to M. A Rivin. A Sokolik.  Thid.
SN -5, 1. 1T Rithitam

CO-air mivts. with as littte as 0.1 Hycan

V)Cw. 3 )P asr w,am)
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Ozidation of fuels 1n the {atake system of motor. 1.
A, Ktavepeand AL S, Sokolik, Hwld, acad. 5o, 1 R.S.S.,
Clanse 14i. tech, TOGTTNOTI7E,37-32. ~Hapts. ou a mbel
of the intake system of a gusoline motor showed thie
ceasodn for *“seusitivity* of cracked gasoline to the increase
ns'étmp. of intake manifold. The quantity of peroxides
forinal in the liquid tilm ﬁup to 080 mig. free O per 1) is
atlicient substantially to lower the antidetonating power

| CCuwCh Eitwin")

PION STV N nNORE))

Tt is wdvisable to design the intake in such o
et as Lo asaiee comiplete and . rapnd Vgt igation
of the fuel to chiminate the liquid film on the walls of the

ol the fuel,

mtake nuanifold. . M. Rowolapefl
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"} Kinetic conditions of kaock and preigniticn in iaternal- All the fueh except Cibfe Growesd the Lrw-temp caod-
LA combustion engines. A, Sokolik and 8. Yantovakli. flame combustion system. Sofar, the results showed com- |
00 Adta Physiccchim. U.R.S' 5719, 320-50(1944).—Air-fuel  plete qual. (though nut exact quant.) agreement with | ~@@
s mixts. were Ict into & heated steel reaction vessel; thetime  hose of Maccormac and Townend (C.A. 32, 4319%). As ©° -eo®
o0 of filling wns about 0.05 sec. The pressure difference be-  jncreased beyoud P, £ showed little change, but g de-
[ X 3 5 tween the reaction vessel and the admission vessel was . eqced rapidly, apparently showing an asymptotic ap- e X )
2 followed by mcans of an optical consisting of a thin proach to 0. At high pressures, 4 became too small to
3 stee] menibrape between two thicker perforated mem- register on the app., but the charucter of the P — b curve
by branes. A small pressure ditterence, A £, caused 8 motitar - shows that thete is no cssential change in the reaction
- of the thin membrane, so that & £ could be tead to =13 inechantsm, which presumably remaing 2.atage at all
& mm. Hg: at 3 P less than 0.2 atm. the thin membrane  pressures.  Above T, & new phenomenon was found.  As
H pressed against the thicker, and A P could then be read P was increased, first hot-dame combustion set in, then 2
S with less sensitivity up to several atm.  This arrangement  at higher pressures the 2-stage mechanism resppearoid, & H
! allowe! the small pressure pulses from **cool flames’’ to be  cool-lame pulse occurring before the hot fame, Thus at * 7
registered as well as the large pulses from explosions.  intermediate pressures only cool flanmes are found below .
Fucls studied were heptane, isodctane, mivts, of these, Iy and ouly hot tlames abave 7, but at sufliciently high H
Celly, and iso-Pry0; in all cuscs the air excess coefl. was  pressures the cumbustion always owvurs in 2 siag=s. The z
0.8. The temp. range of 200-000° and the range of ini- *curves of £ and P; r1. temp. cross at T, and coatinue o
tial peessures, P, of U-8 atm. were covered completely.  without discontinuity to higher temps. The r=i'.flame -
At tanps. below about 500°, as P was increased from 0, time lags follow the law 1,7’ = const., whbere » .cresses H
at first only slow reaction was observed; then beginning  with temp. but is always less than 1 for paraffins. At 2
at & pressure £ & cool-tlame pulse occurred after w time  const. P, Le™¥/T e const. The hot-flame time lags at ¢
. /lug 1. Abuve a higher pressure P; the cool flame was  coust. temp. obey the same law £,P5 = const., but s may
I followed after a further time lag £y with a hot flame, yield-  be as large as 4. With increasing temp. at const. P, &
S ing complete combustion. The height of the cool- flame  pasees through a min. at about 330° for the paraffinic
L pulse increased with increasing #, and the limit £, was ill - fuels (270° for ether), attaius a max. about 100 higher,
;§ ! defired. The decreasing value of Fy in successive expts.  and falls again at atill higher temps. The coul-flame
'S I showed that oxvurrence of combustion sensitized the vessel  pulse becomes less intense with rising temi:. in this region. ~00
A walls for hot-flume combustion, With increasing temp..  The cunca. of perovides, which provide active centers for =
B Et_ P nml I" apvroached eac h n(hrr.mmndmxlll!tmp T the branching-chiin reaction which leads o hot-tlame CL 1
,:‘ T s " N - .
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SCKOLIK, A.S.
Tnst. Chem Physics, Asad. Sci., (19L6)

"Kiretic Conditicns cof Detcnaticn and Preignition in Internal Combustion Engines,"

Zhur. Fiz. Khim., No. 1, 1SL6.
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SOKOLIK, A. S., and others.

w1ektroakusticheskii metod registratsii detonatsil v aviatsionnykh gvigateliakh.
(Tekhnika vozdushnogo flota, ich7, noe. 5, p. 11-17, illus., diagrs.)

Title tr.: Electro-acoustical method of recording detonations in aircraft
engines.

rrsoh Th 19L7

50: Aeronautical Sciences and Aviation in the Soviet Union, Library of
Congress, 1955.
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R ’Quﬂ‘sgg - Detonations - B S
' 'Fuel, Aviation

, m,auu.,ﬂa&u.o:moozm#uo Method of
' w Englnes," A, g. Sokolik,
, 2w..mowowu5 B. K. Shapiro

i Solences, M. T. Rodman

Recording Rnocks in Plane
Dr of Chemical Sciences, A

> Candidates in Technical -
s T Dp

"Pekh Voz Flote" No 5 (230)

35 A SRR P TR '{’,;. :g.-.'T-._»"

e

In the process of testing plane engines ana fyuel , dn
camection with a knoe

k, 1t 18 most important to have
objective registration of the knock to determine the
eritical point of cylinders and to be able to record

the data on a scale. This article explailns a new

' BS 2819
dmmw\bmu.obwcﬁom (Conta) Apr 19U7

FER SRR

¢ method of recording the knock by acoustic means and
2 18 meant to familiarize specialists with the new de-

The author pressnta apparatus layout
, Photographs of osc
Ing of an engine

i  there 1s a knock,
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USSR/Physics - Combustion Dec 49
Engines, Combustion

"Influence of Chemical and Turbulent Factors on
the Combustion Process Under Engine Conditions,"
A. S. Sokolik, A. N. Voinov, Yu. B. Sviridov,
Inst of Chem Phys, Acad Sci USSR, 26 pp

"Iz Ak Nauk SSSR, Otdel Tekh Nauk" No 12

Attempts to eliminate errors of all previous in-
vestigations on subject and endeavors to conduct
investigation of combustion speed at various
stages of process under strictly constant physi-
cochemical and dynamic conditions. Combustion

E 15781

USSR/Physics - Combustion Dec 49
(Contd)

process in an engine is not uniform and must be
divided into three basic stages. Both factors,
turbulent and physicochemical, affect every
phase of combustion, but their mechanisms of af-
fect are different. Therefore, different factors
must be used for regulating speed in various
stages of combustion. Submitted by Acad N. N.
Semenov.
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= USSR/Physics - Shock Wave Oct 51

"Mechanism of Pre-Detonation Acceleration of Flame,'
7 A. S. Sokolik, Inst of Chem Phys, Acad Sci USSR

"Zhur Eksper i Teoret Fiz" Vol XXI, No 10, pp
1164-1171

Studies mechanism of origin of shock and detonation
waves in pipes. Finds that formation of shock
waves depends on relative temp increase during
burning and on ratio of basic flame velocity to
sound's velocity in fresh air. Compared measured
flame velocities with computed ehock wave velocities

¢
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USSR/Physics -.Shock Wave (Contd) - Oct 51
of a number of explosive mixts and found to be in

complete agreement. Sokolik thanks Ya. K. Tro-
shin for exptl work. OSubmitted 29 Apr 50.
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and Spiridov, T.Be (M gece. Teen. sei.) AP 1350, n.8.7, 5055)
(Bull. Acad, 58 . T e theory (Fuel AboL T (Fuel Abstr., July 1952,
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n.s.12, 663).
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SOKOLIK, A.S.; VOINOV, A.N.; SVIRIDOV, Yu.B.
Bditorial. Discussing A.S.50kolik's, AN.Voinov's andexé.B.:i:::i:oznathe
article "Effect of chemical factor and of the factor oh ulrl; ;m et
combustion process in an engine." Izv,AN SSSR 0td,tekh.na (; : 2 8)

787 My 13- {Voinov, AN,)

(Sviridov, Iw.B.)

(Gas and oil enzine) (Sokolik, 4.S5.)
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Card 11 ¢+ Pub, 147 - 10/22
Authors s Solcob’.k, A+ 8., and Bazevich, V. Yz.
Title : About ‘10 kv netic nature of spontancous cumbustion in Diesel o niditions

Perlodical : Zhur, fiz, Ihim. 29/11, 19351949 » Novenber 1954,

Abstract ¢ The two-phase nature of smontancous corbusiion of diffused fucl in Diesel .
conditions, with compulsory preliminary cold-fleme formation, wes establish-'

ed through dircct investipation of combustion yrocesses in Diesel engines,
he relation betweon the two phases of the spoutancous combustion procass
and the kinetic and ohys 1co—-xnc, 1wnicsl factors in 'Jolved is elucidzted.
The dependence of the hot detonstion—induction period unon the cold lame
in‘bwnc:.\z};, wes deternined.  The conditionslity of the cetune rumber is -
explain The results of low-tempoivbure L'.:o-oh: e srontrnssus -.‘.ombu.;tion' ¥
i propagstion of bturbulent lane r2 den : Four refsr-
easy 1-USA snd 3-U35R (1940-1952 Y. Tables: pranhs;y drovingy 13lustrae
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Investigation

the
flow is given by:

a
(v, 0,6 and.h.and 1 belng
are cone supirical

conductivity, visces

respechivaly, V is the
ais.eter of the wire 1

Putting

.- pa
VLG T

i, = het_l
£y 3

Ket ( ) 18
i £(v) only, 1.e.
which tre velocity u
(repist
by means of &
proportional to K
cupable of per

i

v.as
VoA

£

with Bg.(2), and of
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U lic

of the furbulence in the Cylinder of a Piston Engine
c

Frou cipnals
any;le of o4° of eanch cycle
operated by the

the fluctuating

25 o 50 cycles.
froi suitably ecolibrated
turbulence riluctuations
300 end €050 hertsz.
single cylinder
the coabustion

EgET
TuS e

cf the
petweesh

cvlinder of 1ianeter 62.0 mi. Fisg.l
tre measuring stations: 1 - inlet
- pssistunce therzonetel,

e\

pe znepnocagter. The rosults
sraphs 24 D3 Ha 6, 7 and
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with compression
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ot different points in the

at variance with Ref 2; larse

CIA-RDP86-00513R001651920018-8"




2 GAERER B AN

VED FOR RELEASE: 08/25/2000

§3

cﬁf{ﬁ:‘sgzgg-_qg;1‘3Roo1651920018-8

e Ry

SOV/24-53-8-25/37

Tpvestipabion of the Turbulence ijn the Cylinder of a Piston kngine

differences evenl at the point close ©o each obther

(r = 10-15, 13-15 mm) indicate that the flow is in &

form of & concentrated jet during suction and not & widely
spread One. Fig.3 shows the profiles of the mean
velgeity y across ghe chamber for three crank angles
(60°, 120 and 180°) during the suction stroke and for
three different epeeds: €00, 000 and 1200 T.p.m.
Coumpression ratio 6. Volumetric efficiency My = 0.71

ig shown as the curve 1, and ng, = 0.24 as

the curve Z. Fig.4a shovs he variation of the mean
velccity and the fluctuating velocity with the speed of
the engine, while &b shows how these velocities change
vith the volumetric efficiency (i.e. as & result of
throttling) ab the cra £iti £f1 O,  The presence
of intensive turbulent s is visible from Fig.5
(upper curve ); the lower curve gepresents pressure
changes. Lhe notches are ab 30 intervals. Figs.©,”
-nd & refer tC the stroke of conpression. Fig.6 shows

the varistion oI the @eEan velocity as well as of the
fluctuating coaponant with the crank angle ab the crank

Cerd L/6 spsed of 900 T.P.d. Ty = 0.71, T = 25 ma. e
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50V/21-58-8-25/27
Trvesbijuilon of the Turbulcnce in bLue Cylinder of a Piston ¥ngine

¥4

! R s N
coefficientd KO is §he correctlon fachor necessaly to
compensate for the fact that v v' was Dot satisfied in
these experiments and therefore the effect of the wire
length had ©o be taken into sccount. Fig.7 shovs the
mean ond fluctuating vslozities at 0.D.C. (i.e. at the
cng of conpresgion stroke) for € = 6 and n = 900 r.D.0.
4z follows: a) Across the cylinder,b) at a distznce 10 md
from Ghe axis as & function of tThe variable coupression
rstio €, c) 4itLo &s & function of the volunetric
officiency &and d) 4itto as & function of the craenk speed .
Fi..5 shovwse the varizltion of tue cnerygy of the turbulence,
where Wy = (v'€ + v ) 1s the energy of the hign
froguency pulsation and of the swirl motion per unit nass;,
] 1 =
v = ' = - 1 t o
Iy = 7 ar Wy = v v, T v & '
B 5 v hd 3 29( + _) Geperally speakKlig
during the stroke of suction JV' increases gverywhere

where grad ¥ increases, €.&-. with increase in 1 and Nyo

card 5/6 There ars, however, sSome points where v' is large
thousn grad v igs saiall at Ghose points. This may be due
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SOV/24-58-8-25/37
Investigation of the Turbulence in the Cylinder of a Piston Engine

to the fact that only the cocmponents of ¥ and grad v
perpendicular to the wire can be measured experimentally
with this apparatus, not their total values. It
agppears further that neither
during compression stroke nor grad ¥ during the suction
stroke do depend upon the compression ratio, leading to
ghe conclusion that the real cause of pulsation during
the compression stroke is the turbulence produced in the
stroke of suction,
There are 8 figures and 7 references, 2 of which are
Soviet, # BEnglish, 1 Geruan,

SUBMITTED: May 22, 1657

1. Comhhstion——Turbulence 2, Fuels--Atomization 3. Combustion
chambers-—-Performpance /. Internal combustion engines
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SOKOLIK, A. S.
with 0. A. Machalicky (Czechoslovakian scientist) "Physica-chemical basis of
the so called M-process in Diesel engines"

with Ye. 5. Semenov "pealt with the jovestigation of the working cycle in the
c¢yclinder of the engine by means of a compensated thermo-anemometer"

with V. P. Karpov " pealt with the antechamber torch ignition &s basis of &

new type of engines"
report presented &t the conference on Conbust
in Diesel Engines, convened by the ¥otor Laboratory, Acad. Sci.

(Ves‘b. Ax Neuk SSSR, 1958, To. 9, 115'117)
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Combustlon in Turbulent Flow (Cout. ) gov/2541

Viasov, K. P. Experimental Investigation of the Combustion Zone of & Turbulent

Flame (Supplement to Ye.S. Shchetinkov!s Report)
This paper glves detalls of the test getup and some results of an experl-
mental study of the combustion zone in & turbulent flame. The test method
was based on small-lag measurements of the {onized current and the temp-
erature. Experimental data on the distributions of the lonized current and
the temperature are given and the measured statistical qhamcteristics of
these quantities are presented as functions of the depth of the combustion
zone and the flow veloclty. '

Kogarko, S. M. On the Model for Combustion ig a Turhulent Flow 58
On the basis of the pemkoehler-Shchelkin hypothesis, this paper
considers the mechanism of the combustion of & homogeneous mixture

in turbulent motion in the cross section of a tube. The stabiliz-

ation of the flame tongue 1s achieved with the aid of a pllot flame.

The author questions the validity of the model of combustion proposed

by Snchetinkov in ‘the first paper in this collection. '
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Prudnikov, A. G. Meesurement of the Turbulence of Air Flows and Flames

by the Optical Diffusion Method 88
This paper presents & new method for studying the turbulence of air
Plows and flames. Tne method is a modifieation of the diffusion
method which combines the simplicity of the diffusion method with
the speed of the thermodynamic method. The basic ;'ehtionlhips are
given, the accuracy of the method is analyzed, the experimental set-
up is described, and a wide variety of experimental results are
presented. Included are data for flovs in tubes, submerged Jets,
and open flows with and without the presence of grids. A variety of
results are also given for turbulence in flames, including the ef-
fects of grids and the scale of the turbulence.

Semenov, Ye.S. Tnvestigation of the Turbulent Motion of a Ges ‘Under
Piston Engine Conditions 14
This paper investigates several turbulence charecteristics of
the motion of a g&s- Tncluded are studies of the characteristics
of the gas motion during inteke and compression in the presence
of & source of turbulence, the variation of turbulence character-

Card 5/6
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66430
Turbulent Combustion in a Closed Space 80V/20-128-6-35/63

the IU'I, which amounted to (1-1'2)1/2 with respect to the tur-
bulent diffusion. For the entire turbulence Uﬁ therefore
Ué = {,ﬁWIZ + ﬁ'?}1/2° It is shown in figure 4 that the rate Uy

of turbulent combustion increases linearly with the intensity

of the turbulence; UT = a.Ué-+ b, where coefficisnt a lies be-

tween 1 and 2 for low temperatures. There are 4 figures and
5 references; 2 of which are Soviet,

ASSOCIATION: 1Institut khimicheskoy fiziki Akademii nauk SSSR (Institute of
Chemicophysics of the Academy of Sciences, USSR)

PRESENTED: June 11, 1959, by V., N. Kondrat'yev, Academician bf//

SUBMITTED; June 5; 1959
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/1.1000 sov/20-129-1-46/64
AUTHORS: Eﬁﬂiﬁiﬁ&l,ﬁl—§i’ Karpov; v. P.

TITLE: The Dependence of the Rate of Turbulent Burning on the LaminaT
Rate and Temperature of Burning

PERIODICAL: Doklady Akademii nauk SSSR, 1999, vol 129, Nr 1, PP 168-171
(USSR)

ABSTRACT: _ i t{ burning are
i and the concept
three-~
dimensional reg i
hydrogen - air mixtures it
connection petween the rate UT of turbulent gend the rate UL of

laminar purning, and that U increases with rising temperature.
The fundamental difference etween the propagation of the flame
in the range of constant values of UT and at decreasing UT is

shown by means of moving-picture filming of the f1lames (Fig 3).
When UT decreases propagation becomes nonuniform. The latter is

caused by &8 decrease in the reaction rate due to 2 change in the
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Autodgniiion, Flawe, and Detonation (Cont. ) SOV/4669

which the kinetie laws of muitistage autoignition manifest themselves against
! a barkeround of simultansous liquid fuel evaporation and air-vapor mixing.
Clescification of combustion phenomena is suggested on the basis of the role
played by the mixing of fresh and burned gases in the development of the re-
ar~iicn. No personalities are mentioned. References accompany individual

~hapters.
TARLE OF CONTENTS:
Porsword [A. S. Sokelik}l 3

PART I. AUTOIGNITION

Ch. 1. Thermal and Thermal Chain Explosion 5
1. Tharmal exploslon ) 5
Avicignition and flame propagation. Ignition temperature. Theory
©f o Shermal explosion. Statiomary theory of a thermal explosion.
Thermal =xplosion for autbeatalytic reactions 15
Z. Chaln szplosion 18
Basin concepts of chain reactions. Development of a chain
reaction with respect to time. Chain ignition limits.
Thermal chaln explosion 26
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es which take place in the flame of “
to explain the process of combustion

£ molecules; ths collision of mol-

AUTHOR:

"".’—’.—‘—-—_—-——#
TITLE: Flame )
PERIODICAL: Priroda, 1960, No. 7, PP 39 - 45
TEXT ¢ The suthor examines the process
a normal gas purner and uses this as a basls
generally. Since heat is the random movemen® ©

jving up its surplus movement ener-
The random movement of the gas mole-
burnt gases within the flame.

Heat
The great bar-
the strength of the intramolecu-
ical reactions, direct reachtion
r Lo produce & few chemically
adicals,7which will reast
This also has & snowbal~-
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S S
. Bl 7_“-.}:-—,;',—‘._7,_;‘1_;; e

CIA-RDP86-00513R001651920018-8"



CIA-RDP86-00513R001651920018-8

"APPROVED FOR RELEASE: 08/25/2000

S/026,/60/000/007/004/008
Flame A166/0029

reaction rapidly gains momentum, This in turn liberates heat which heats the
gases and further accelerates the reaction., Catalysts break down readily into
free radicals and are used,therefore; to speed up technological processes by act-
ing as primers. The glow of a flame is also connected with the reaction of free
radicals, Energy is consumed in shifting the electrons of the gas molecules from
a normal level to an excited level so that they orbit farther from the nucleus,
When the electrons revert to their normal level they surrender this conversion
energy in the form of incandescence, There are 3 photos and 5 dlagrams,
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AUTHORS : Karpov, V. P.s VSokolik, Ao Se

The Influence of Pressuféwégg¥ﬁé Rate of Laminar and Turbulent

BurningQ\

PERIODICAL: Doklady Akademii nauk SSSR,
pp. 1341-1345

TITLE:

1960, Vol. 132, No. 6,

{he authors write down equation (1):

4ion in the flame), and discuss

Refs. 2-6. The experimen-

tionYdoes not follow
the temper-

TEXT: For the rate of laminar burning,

n/2-1 (n = order of the gross reac

“an ™ Po
the deviating values for k = n/2 - 1 jndicated in

$al resultis represented in Fig. 1 show that combus
equations (2) and (3) at P, £ 0.5 atm abs. At Teduced pressure,
ature of combustion also decreases due to strong dissociation. The reduc-

tion of the rate of laminar purning in the pressure range investigated

(0.4 = 1.76 atm abs) is assumed %o be due to pressure reduction. The value

1.4 - 1.6 is indicated for n of equation (1), The results obtained in

Refs. 4, 8-10, including papers by Doroshenko and Nikitskiy, are dis cussed JKf
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The Influence of Pressure on the Rate of Laminar S/020/60/132/06/33/068
and Turbulent Burning B004/B0O0S

in a similar way. The authors! experimental results for the range of
0.5 = 1.76 atm abs give the equation Uyorb AIPO°5; but the combustion

rates at low pressure deviate from this equation. This is explained by an
increase in the induction period T of inflammation, and the reduction of

the diffusion time to at low pressure, Therefore, the flame p;gggggjes}gr-
regularly as is shown by the photographs in Fig. 2. Under experimental con-
ditions, a turbulent inflammation is impossible at T >:too There are

2 figures and 11 references: 6 Soviet and 5 English,
ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SSSR

(Institute of Chemical Physics of the Academy of Sciences,
USSR)

PRESENTED February 25, 1960, by V. N. Kondrat'yev, Academician

SUBMITTED: February 24, 1960
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New class of internal comtustion engines. Vest (MIRA 14:9)
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B103%3/B203
/) /210
4AUTHORS: Karpov, V. P. and Sokglik1ﬁ§1«§.
TITLE: Relationship between gelf-ignition and rate of laminar and

turbulent combustion of paraffin hydrocarbons
PERIODICAL: pskademiya nauk SSSR. Doklady, v. 138, no. 4, 1961, 874-876

TEXT: The authors compare the change cf the laminar and turbulent burning
rate of a mixture of methane; propane, OT butane with air, with the delay
of self-ignition as & function of mixture composition. For this purpose,
they use a bomb of constant volume. 1In the case of methanes the delay
decreases at 700-750°C in mixtures poor in methane, in the case of propane
and butane, however; in mixtures rich in alkane (Ref. 3: A.S.Sokolik,
Samovosplameneniye, plamya i detonatsiya v gazakh,;Izd. AN SSSR, 1960
(Self-ignition, flame and detonation in gases)). This difference

derected 30 years ago (Ref. 2: C. A. Naylor, R. W. Wheeler,Chem.50C.,
1931.2456; 1933, 1240) has so far not been studied closely. In a new
model of the turbulent flame, the burning rate is directly determined by
the delay of ignition during the mixing of fresh and purning gas. The

card 1/4
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Relationship between gelf-ignition and ..« B103/3203

method of determining the turbulent burning rate was described earlier

(by the authevs and Ye. S. Semenov, DAN,128,n0.6,1220 (1959) (Ref. 4)).

The laminar burning was determined on the basis of the recorded visible
1 i = i

flame velocity u ;o = dr/dt from the equation W .. 3 uvis/£ . The

propagation degree t cean be determined as EC:Tad/TO by replacing the real
temperature of the flame Tf by the calculated adiabatic temperature and

neglecting the change of the molar ratio n/n . The resulting error does
not exceed the errorl of measuremente For me%hane and higher alkanes, the
authors find a great difference for mixtures rich 1n alkane:

shows much lower normal burning rates and a lower uUpper 1imit of flame
propagation than higher alkanes. The authors explain this difference only
with the differing reaction rate in the flame which in propane and butane
is much higher than in methane. phe same difference is even greater at
the rate of turbulent burning. In the authors’ opinion, this parallelism
pust not be taken as & proof that turbulent burning proceeds in laminar
flames. For mixtures poor in alkane, the rate of turbulent pburning of
methane is higher than that of the twc higher alkanes. Besides, the
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Relationship between gelf-ignition and ¢« 3105/3203

authors state that for mixtures rich in alkane the rate of turbulent
burning is much lower in methane than in propane and butane, although the
burning temperature of methane is higher than that of the higher alkanes.
For these reasons, jt is assumed that there are certain kinetic
differences between methane and the higher alkanes which effect the above
discrepancies. Thege kinetic differences are neither related to the

stage of chain generation nor to the stage of chain branching. Therefore,
it is assumed that the differing characteristics of self-ignition of
methane and CB_ and C4 alkanes as a functicn of mixture composition are

due to differences between these two alkane types in the stage of chain
generation: the reacticn rate rises in this stage with the impoverishment
of the mixture in alkane in the case of methane, and with the enrichment
of the mixture in the case of CB‘ and CA alkanes. Therefore, the authors

recommend an investigation of the mechanism of this stage in self-ignition
at higher temperatures and in the development of the reaction in flames.
Besides, they conclude from the above results that the reaction in

laminar and turbulent flames develops under similar conditions of the
mixing of burning and fresh gas: 1.€. according tec 2 gimilar mechanism.
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The. propagation mechanism of the reaction, however, is different-in
principle: in laminar flames, it proceeds by uninterrupted molecular heat
and substance transfer, in turbulernt flames; however, by turbulent mixXing.
There are 3 figures and 5 references: 3 Soviet-bloc and 2 non-Soviet-bloc.
One of the references to English-language publications is cited above,

+he other reads: Ref. 5: K.Wohl, L.Shore, Ind. and End.Chem., 47,828

(1955).

ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SSSR (Institute
of Chemical Physics of the Academy of Sciences USSR)

PRESENTED: January 23, 1961, by V. K. Kondrat:yev, Academician
SUBMITTED: January 17, 1961
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AUTHORS: warpov, Ve Fev and S°K9¥1Ki»“°”éh

TITLE: Limits of jgnition in turbul=nt capeous mixtures
PERIODICAL: pkademiys nauk SSSR. Dokludy . Ve 141, N0« 2 1961, 393396

TEXT: The difference petween laminal and -urbuient combustion, and the de-
pendence of ignition on the degreé of turbaisncs® are discussed, and present
a guanti i r the probability of 2xrtinction of & turbulent flame
The paper is based on y by A- S. gokolik (Samovosplaneniye, plamys 3
detonatsiye ¥ gazakh (Self—ignition, flame end detonation in gases) 1zd.
AN SSSRs 1 60) - Excitation of constant turbulence in 8 slosed space has
already be i 1, 1E8 (1959)). Regults: 1) At
constant energ; f i ncentration ranges of igni-
ion are narrowed wit i i i ity (Ug)» °F the lower 1imit of
ignition riges with increasing =L i rk energy also nar-
rows the concentration range of ignition. i
~ombustion, the combustion rate in turbulents joes not de
conductivity of the mixture. Iin & wide rang®: it is proportion
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Limits of ignition in turbulent ... B101/B147

intensity of turbulence. 3) Propane-oxygen and hydrogen-oxygen mixtures
diluted with helium or argon showed that, -n the presence of He, ignision
occurs, at a turbulence lower than in the przsesnce of AT (Fig, 2). Also
on increasing the spark energy py a factor ~f 20, the ignition limit for
mixtures with He was lower than for mixturss with AT. In Hy - air mix~
tures (Fig. 4) with an excess of Hp igniuion ocourred at a lower
intensity of turbulence, although mixtures rich in air have a higher
burning temperature (ratio o = 0.17,; burning w=zmperature 1§OO°K; ratio

a = 5.6, burning temperature 860°C). 4) The nature of flame propagation is
changed by turbulence. This was observed b7 scnlieren cinematography.

5) The ratio between the real flame volums V¢ and the volume Vg of the

sphere, the radius of which is the lorngest flame %tongue; is set up and
Vf/VmQ/O.BS is found to be the limit of Igniticu for all mixtures

investigated. This value ig a2 gquantitative -waracteristic for the
probability for extinction of a turbulent flame. 6) Therefrom it 1is
concluded that pulsating combustion is impss e as soon as the time of
mixing becomes shorter than the induction BsT 24 of ignition: '

to = 11/U'<‘ri. With increasing root-mear -39 e value of the intenslity Gl
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of %urbulence, the probability increas=: % ~rs inequallty becomes valid.
5. i:n and non-Soviet. The

es and 6 references: £ 3
i~y or. veads 88 follows: Kimura

s, no. 5y 599 (1956) -

ysdemii nauk SSSR (Institute

There are 4 figur
reference to the
Itsuro, Kumagel geiichiro,

ASSOCIATION: Institut khimicheskoy fizixl &%

of Chemical Physics of the Atazdamy of goiences USSR)
PRESENTED: June 20, 1961, by V. N. Korndratiyev, Academician //,,,///
SUBMITTED: June 20, 1961
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AUTUORS: Semenov, Ye. S., and ffff}fEL,fL,iL—~—

10.

* TITLE: Study of ionization in spherical flames by the method of

probe characteristics : .
" PERIODICAL: Zhurnal tekhnicheskoy fiziki, V. 32, no. 9, 1962, 1074-1083 »

TEXT: The ion concentration distribution N(x) over the cross gection of

the flame zone in a centrally ignited gpherical steel bomb (with two
planemparallel windows and two ignition elect:odgs) was measured by

Langmuir's mnhodofxmobecharacteristics. The measurements were made with /
propane-air mixtures at pressures of 0.15 - 2-atm. When the flame passed v/oTe
‘he fixed probe an oscillogram was taken with a double-trace electron P
oscilloscope. The jonization current profile along the x-coordinate was

determined from thege oscillograms, using the equaftion x = uvist’ LI

being the visible flame velocity. The maximum concentrations of ions in o1 -
the flame measured by two different methods are greater, by three or four
orders of magnitude, than the thermodynamic equilibrium concentration
calculated from the Saha equation. This fact indicates that the ions in
card 1/4 :
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Study of ionization in... B125/B186

pense of the energy from the
processes, and not by thermal ionization of the
combustion products. The descending part of the concentration curve

.

7
Zives 10_7 cm)/sec for the recombination coefficient. The diffusion
coefficient D for the combustion products of hydrocarbons with ambipolar
electron diffusion is D = 2/ The highest

regspect (o the nlasma, At subatmospheric pressures, the pressure

dependences read 6~p - 0.8 for the flame zone width, Treact”*p-o.7 for

the reaction time, W,yp1'7 for the mean reaction rate, ang u,‘p'o'
the flame velocity., v, p, Karpov assigted in designing the experimental
8pparatus. There are g figures and 2 tables.

ASSOCIATION: Institut khimicheskoy fiziki AN SSS5R, Moskva (Institute of
Chemical Physics AS USSR, Moscow)
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Study of ionization in... B125/B186
SUBMITTED : April 8, 1961 (initially) : cEE
o) June 25, 1961 (after revision) ’ 1

Pig. 7. Structure of the flame'redction zone. - Mixture containing 4.16%
. propane. Probe diameter 0.2 mm, p = 1 atm. N = ion concentration. .
Legend: q = ionization rates; T = ‘temperature; jc" = current dengity in
5 - the probe at U3 = 03 . ’ . : :

o

.bard }/4
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/), PRoC . : -
LUTHORS:: Semenov, Ye. Se» and S°k9}ifzﬁﬁl_§L‘ .
[
TITLE: Characteristics of spherical flames in the gtate of formation

55RI0DICAL:  hkademiya nauk sSSR. Doklady, v. 145 no. 2, 1962, 369-3T2

TEXT: The characteristics of a flame in the state of formation were
studied with a propane - air mixture (4.16% C3H8) at 250 mm Hg in a

goherical vomb of 180 mm in diameter and ignition in the center. The

velocity of flame propagation was measured by gchlieren photography, the

ionic current i was measured oscilloscopically with a single electrode Y <
orobe (potential: o v) described carlier (ZhTF, 32, no. 9 (1962)) at the VA// :
disiance T = 10-30 nm from the point of ignition. The time dependence

of the ion concentration N was obtained from the oscillographs of i at

various r values. From this, %he concentration at the distance X from

the beginning of the ion formation zone Wwas calculated by the apparent

velocity‘Uv of flame propagation. The rate q of ion formation and thus

also tne profile q(x) were calculated from the equilibrium equation for:
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ved to be sufficiently small and could be put
11 r values. The width & of the reaction zone
szs calculated directly by means of U, & inéreases as the point of
ignition is approached, and exceeds the stationary value (1.2 mm at

r =35 am) by almost the tenfold at r = 10 mm. At the same time,

q i35 reduced %o 20-25% at T - 10 mm. Congclusions: In the state of

nax
rormation the ra flame has the same order of magniftude l/*/

tne ions, since aN/at pro
equal So zero even at sma

dius of the spherical

as the radius of the reaction zone.
red with the radius of curvation of the flame,

rezction zone can he compa

the voiume of the reacting gas is smaller than that of the heat-absorb-
ing gas and the temperature is lower than the adiabatic tem erature of
the plane Ilame fwith T = 10 nm, the difference is 250-300°C) « Thus, the
rate of comoustion jecreasés. The values of the plane flame are reached

but gradually. There are 4 figures. The English-language references are:!
. 1. Plook, Ch. F. warsin, Jr., Chem. Rev., 21, LY-Xi %:937)1 ¥, P, Ploak,
¥. martin, Jr. et al., Nat. adv. comn. for seronsutics, Rep. Nno. 682
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nd turb}xlerit flames from hydrazine decomposicifon
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SOURCE: Zhurnal £izicheskoy khimii, V. 38, no. 6, 1964,

‘! TOPIC TAGS: hydraiine decomposition, rocket fuel, laminar flame,

turbulent flame
t

ABSTRACT: The burning velocities of laminar and turbulent flames
from hydrazine decomposition were determined as a function of pres< )
sure and temperature (1500-—1900&) by Schlieren photography and o8~
cillographic pressure recording in a duraluminum bomb equipped with
mixing propellers and sight windows. The reaction rates of the
laminar and turbulent flames wexe calculated on the basis of the
thermal combustion theory and the pulsating combustion model, vt
i respectively. It was found that the kinetic characteristics are ’ |
P {dentical for both types of flame. The reshlte provide evidence t
L gupporting the correctness of the pulsating model for turbulent e
i combustion. Orig. art. nas: & figures and 8 formulas. . ’
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AUTHOR: Sokolik, A. S, (Moscow); Semenov, Ye. S, (Moscow) AR
: R i a o

1TITLE: The nature of the ‘chemical ibniiacion\'of flames

;SOURCEx Zhurnal fizicheskoy khimii, v. 38, no. 7, 1964, 1784-17§Q;

. TOPIC TAGS: hydrocarben flame, tonization, chemical ionization, -
"o flame reaction, turbulent flame, laminar flame, detonation wave,
: combustion mechanism, thermal tonization, combustion ' :
! ABSTRACT: The most probable jonization mechanism in the reaction -
! zone of hydrocarbon flamas, CH + 0+ cHOT + e, i3 based on the trans= .
. port of active centers, mainly H atoms, within the reaction zone. R
' The .subsequent transfer of the proton to water: cygot + 1,0 +CO + H30 -
. is favored by small activation energy for the reaction, the short 1ife - W
| of the ciot iom, and the abundance of H;0t in the system. The origi--
- nal CH radical had been formed by the reaction|CC + OH+~CH + CO, - .~ FRERE
i The role played by diffusion axchange in the reaction zome ts confirm- - [N
i ed by results of the present {nvestigation of the ionization in tur=

i
i
i
1
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bulent flames, which showed that . the velocity pulsations are accom= " i
. panied by fluctuations in the fonization current, and the maximum am=" .
. plitude of the turbulent fonization current considerably exceeds (by 7.

. 10-20 times) that of a laminar flane at the same temperature and in= "=

- creases with ingreased turbulence, Analysis of the available data on - . 3@
. fonization in a\detonation wave of hydrocatbon~oxygen—m tures leads . M
i to two alternative concepts of the combustion mechanisdﬁin a detona= SR
| tion wave: (1) in which chemical ionization is absent, or (2) where Tl

i at a high level of thermal ionizatiom the weaker chemical fontization
i is masked, The choilce of one. of these is possible from results obtafim

led from fonization studies in the reaction Zzone of high temperature . S
hydrocarbon-oxygen flames; Lif detonative combustion is a homogeneaous .. _
reaction developed throughout the entire volume of the compressed gasg . -
chemical ionization is not possible.'lf_the process includes the = R
| formation of ome Or more resction aites and the remaining volume of . M
i the compressed gas in the datonation wave is anclosed by the flame, e

! efther laminar oOF turbulent, then chemical fonizationccan originate

| {n the reaction zome of the detonation wave. Orig. art, hast 7 S

figures and 4 equations.,
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AUTHOR: Sokolik, A. §.; Semenov, Ve, 5.
TITLE: Study of macrokine!ic chavacteristics of turbulent propane flames by iloniza-
Lion curreal mensuremanta "

SOURCE:  Zhurnal fizicheskey khimii, v. 39, no. 9, 1965, 2202-2207

TOPIC TANS: tbtarbulent ~woustion, combustion, propulsion, combustion theory, ion
current —

CABSTRA(F: C iurbulent com!ustion of homogeneous gas mixtures was studied theorebtically
and by experiments in which the ionization currents of propane-air flames were re-
corded using an oscillograph. The mean pulsation periods 0, were found to be fully:
independent of the chemical nature of the fuel, the air-fuel ratio, and the combus-
tion temperature. This proved that 07 is controlled bv turbulence characteristics
only. The oscillograms alsc showed longer intervale 0, between the instants when

Lhe ionization current decreases to zerc, i.e., the periods of combustion between
flame extinctions abt the given measuring peink. The mean reaction time ?} can be
caleulated from the mean value of Oz by the formula T, = 82 5—;——1 , where e is the

1/2
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volumetric expansion of the combustion mele. By comparing ?} at various tempera-
tures and pressures, the macrokinetic characteristiecs, i.e., the effective reaction:
orders and activation energies, can be calenlated. Therefore, the macrokinetic
charncteristics can be obtained by two completely independent methods: ionization :
current measurements as discussed abare nnd turbulent burning velocity measurements
tased on the pulsating ignition model. Jrig. art. has: 9 formulas and 6 figuresi
(pv] :
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Tast A

Title : Elcctr?\" ~Op’t.x.c:c.’\ tbﬂsm‘c; ents of pistances

orig PuP . Slaboprov dy obzoT) 1958, 195 To 10, 678-681

Abstract . The awthor describes ail electron optical ronge i ader

with o Kert cell. vhich m.l,d.ts neasuring aistonces
gron 20 7 meters ©O 50 Wi With &% accurdcy of 1 and
420 ¢ respecs rively. Tae receiving qevice compores
the phases of =he r;omlg.tc.c‘. girvect & 1d reflx.cted 1OYS
The r’odulatlon frequency is 9 -~ 10 Hes the 1ength of
the ligat pulse is 0.3 nicroseco ds "ppro*(lrnuely

- Yu. e Kutev
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ing; ¢vuT) in Prague:

ment is shown in Figure 1.

its stabilization function.
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The article describes the pr

in the 2nd sollective volume of the Edice
electro-optical geodimever of the viGTK" .
The light source L emits isotropic 1ight waves which
are focused by +he condenser K into the center of the annulus formed bY the €lec-
yrodes of the quarsz crystal Kr, which acts as @& 1ight modulator in addition %o
As a resul®,

490 polarization foils P and A, of which the former acts as the polarizer and

: '°513R00165192001s-3

96120
z/ozu/60/006/005/001/001
A201/A126

sokolfk,

e

/
Electro—optical geodimeter of the YUGTK
PERIODICAL: Geodeticky a kartografick& obzor, no. 2 1960, 83 - 86

inciple, design and performance of a new
Czechoslovak geodimeter developed and puiit in 1959 jointly by the V?zkumn& {ishav
geodetick&, topografick& a kartografick& (Geodetic, Topographic and Cartographi?
Researchvlnstitute) in Prague; and the Ustav radiotechniky elektrotechnické
faknlty CVUT (Institute for Radio Engineering, Department for Electrical Enginee
The theoretical pasis of the instrument has been described

VOGTK under the yitle "Research on the
fne operating principle of the instru-

the quartz modulator Kr, together with

CIA-RDP86-00513R001651920018-8"
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produce the amplitude modulation of the light waves.

the latter as the analyzer,
e modulated 1ight i= sent, to the terminal point of the measured distance by the
y the mirror

+pansmisting 1ens O,. At the terminal point, tne light is reflected b
R and returns o0 the initial point of the measured distance. The reflected 1ight
strikes the recelving lens O which focuses it onto the cathode of the photomulti—
plier F. The receiving system photoelectrically determines the phase difference
n the transmitted and the reflected modulated 1ight-waves on & low frequen-
ped with two oscillators: The main oscil-
ator Po operating

belwee
cy. Therefore, the instrument 1S equlp
1ator O operating on the 5 Mc frequency, and the auxiliary oscill

sney differing from that of the main oscillator by 10 ke. The signal

on a freqw
frem the auxiliary oscl d in the mixer Sm with the signal from the

“ pain osnillator and with the signal ast dynode of the photomultiplier,
Tn this manner two low-frequency signals of the same frequency and of an unshanged
phase relation are obtained which are fed to the synchrdnous detector sd. Connech-
ed ho the detecstor is the galvanometer G whose hand indicates the magnitude of %the
phase difference. When the galvanometer nand is seb +o zZero, the measured distance
D is given by the relation
op=N-+L+1 (1)

wrere W is the integral amount of modulated light -viave lengths, L 1S the modulabion

Card 2/9
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wave length, and 1 1s the increment which is & function of the phase difference ?

.
21T - L (2)

1=
Tne zeroing of the galvanometer hand is done py the phase shift of the signals
from the main osecillatoT and from the mixer in relation to the signal from the
photomultiplier. This phase shift is made possible by the phasing element which
in turn has two elements: The rough-phasing element, Fh, py which the phase is
shifted over the range of 0-1800 in ten steps of 18°, each step representing a
change in distance of 1.5 m; and the f£ine-phasing element FJ, py which the
phase 1s shifted continuously over 20° providing for sufficient overlapping of
the ad jacent steps. At zero position of the galvanometer hand, the value can
be determined from the readings of the rough and the fine-phsing element scales
using equaticn (2). The value N in equation (1) can be determined from the re-
sults of the distance measurements with two different modulation frequencies

according to the relation
1 1
N ='__§__:__£_
L, -

Card 3/9
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where L., L, are the respective modulation wavelengths pertaining to the modula-
+ion frequencies F., and F respectively, and ll’ ].2 are the respective increments.
The modulation wavelength L is calculated from the modulation frequency of the

oscillator F using the relation

=5’

where v 1s the light yelocity in the atmosphere. The polarization foils are the
only foreign components used in the jnstrument. The metacrylate-base foils, de-
yeloped by the Meopta Bratislava n. P- (Meopta Bratislava, National Enterprise)

in cooperation with the nérodnf podnik Meopta Praha . (Meopta Praha), National En-
terprise) have proved 1o be unsatisfactory since they were ineffective for the
parginal values of the spectrum and, consequentlys could not be employed with

the high-performance photomultiplier, geveloped by the V{zkum§ istav vakuové
techniky (Research Institute of Vacuum Engineering), which is used in the recelv-
ing part of the instrument and which has its best spectral sensitivity in the
region of the lower poundary of the visible spectrum. The quartz modulator of

she instrument consists of a polished quartz plate of the BT crystal section and
of anaular contact electrodes which are pressed against the crystal by two steel
eprings, The entire assembly 1is mounted in a modified ipe] efunken” crystal holder.
{Previous models prepared by the Vizkumn§ Gstav elektrotechnické keramiky (Research

Card 4/ 9
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Institute of Electrotechnical Ceramics) in Hradec Kralové, and subsequently by

the V§zkumny Ostav pro elektrotectinickou fysiku (Research Institute of Electro-
technical Physics) in Prague, using vapor-debosited electrodes (silver, gold,
aluminum, and silver—aluminum) were found inadequate due to their instability).
The ophlimum modulation effect of the modulator is in the vicinity of the parallel
resonance of the crystal. A modulation depth of about 0.4 was obtained ab about
70 v. This depth is sufficient for the measurement of short distances. For the
main oscillator a connection was chosen in which the modulating cryshal is the
element which determines the oscillator freguency. This arrangement secures a
frequency stability in the order of 5 x 10~° which 1s adequate for the testing
stage of the {nstrument and for measurements of short distances. For the auxili-
ary oscillator a connection with crystal control was used since the stability

of this oscillator determines the stability of the differential frequency. For
the rough phasing element a delay chain, shown in Figure 2, was used. Fine phas-
ing is done by the element the wiring diagram of which is shown in Figure 3- By
a simultaneous, continuous variation of the resistors Rl and R,, the phase differ-
ence behween the voltages E. and E2 can continuously pe varied. The scale of the
element is graduated in 100 parts permitting a reading of the measured distance //
with an accuracy within 1.5 em. The synchronous detector is formed by two 6H31

Card 5/ 9
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yaruum tubes in bridge connectlon, with the galvanometer connected between their
anodes. The signal from the photomultiplier i1s fed to the first two grids in
phase, the signal from the maln oscillator is fed, after mixing, 4o ‘the third
grids in the opposite phase. The optical system 1S of temporary nature, as readi-
ly available components had to be used in its construction. Normal camera lenses.
with a foocus distance of 100 mm and an F-number of 1:2.8 were used for the trans-
mitting and the receiving lenses. A point gungsten bulb of 30 watt (6v, Sa) serves
as the 1ight source. Tests with this instrument showed that this optical system
has a vange of about 250 m which is rather little. For geodimelters with longer
ranges optical systems consisting of lenses and mirrors, such as one used in the
NASM-2A geodimeter, will have to pe used. It js planned to replace the temporary
optical system with a new one, specially designed for the specific uses of this
geodimeterh The new optical system will extend the range of the instrument to 2-3
¥m. The geodimeter has been tested under laboratory conditions only. It was found
that the instrument was capable of indicating distance changes above 5 cm. This
value represents the inherent error of the phasing element which is independent

o® the distance measured. Also thers is the error due to the instability of the

frequency: Consequentl the mean eprror in each me
freqienlion Y measurement can be determined from

m=+ (5" 10"5 . D+ 5 cm)

Cara 6/9
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vhere D is.the distance measured.
by improving the

over 5 kg and 1s mounted on a tripod.

Laboratory tests have confirmed the soundnes

development will be aimed
stability of the crystal frequency.
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The accuraéy of fhe instrument can be improved
frequency stability of both osc
execution of some of the electronic components.

illators and by a more precise
The geodimeter weighs little

The power supply has about the same weight.
s of the original design concqp*bion

and the capablility of the instrument of measuring
at the improvement of the optical system and of the
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polarizer and analyzer oscilletion Asrection, ywhereby this anglie 1= parted by te
plane formed by the optical axis of the crystal and the direction of the trans-
mitted light (Equations hs Pigs. & L%, Equation {5) expresses +he relative
electro—optical transmission factor of the medulaser, the graphic representaticn
of which is ~alied the electro-optical phenomencn characteristic (Equation 6 and
Fig. 3. Equaticns {(7) ©o {14) serve for the computation of tre quartz moduiaaT
charasteristic. Applying Equatlions (1%}, (14) (Refs. 1, 2, 3 and 5, (15)5 (16)
_and using a 125 v biassing moduiater, the Equations (17) and (18} are sbtained;
showing the effective voltage Ve and, by compariscn o»f Equaticns (18) and (63, r
the constant K1 = .28 . 10-3. The maximum electro-opticai cransmission at a L -
medulating voltage VvV = 125, achiaved by double refracticn of ligh%t in the quartz
crystai (Vp = 125 v) is according 0 Figure 3 tco high and will cause defnrma-=

+icnss thevefore, the amplitude -t up t3 120V 1s bsing chosen corresponding to
a mcduiatlon depth of 0.90. A comparison witn she Kerr meduiasil, 2 dezoripticn
5f ke quarsi modusator current aapacltly {Fig. 5} amounting %0 wat 100V
moduiating voLlLage. and 2 deszripuion of csnszruenional eiement
Czechosiovak polarizing £oils (Menpia Erat&slava),

were rCh found suttable! "
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-3 -
in the 10w

1

+
-

t

s
:

n{ Gztav vakuové techniky (Vacuum Engineering Rezearch Instituts,.

er region of the vizibie spectrum (blue colori: therefeors, foils from abroad
were used. A detaiied description of the prototype quartz msdulator foiiows. A
modulation depth of about 0.4 has been obtained at 2 modulation voltage of 70 v.
A phase comparison between emitted and reflected modulated light waves may be
photoelectrically performed at low frequency: therefcre, the apparatus 1s
equipped with two oscillators, i.e., the main nscillater © and the auxiliary 0S-
ciliator Po (Fig. 1), The low-fregquency signai of about 10 ko/sec oscillation
frequency arising by tranzfermatlion of modulated iight in the photomultiplier .
cathode, the arrangement of s;nchronized detegtors (sd), the ghasze adjustmentlani

phase change, whereby each phase difference of 180 1z =qual %c a change of abcut ’JC
1.5 m in distance, total phase rangs O - 1800 are described. A reciprocal func-
tional replacement of both oscillators, descrited in detail, is ensured. Figure

6 shows the phasing element {Fh) diagram consisting oi 2 pnase~shifting section

ending with 1%ts charasteristic resistance. Figure 7 Shows the diagram of the

fine phasing element (Fjj: wwo gH31 electrcone tubes in bridge connaction serve

as synchrenized detectors (Sai with attached galvanome:er)v A common 100 mm

2.8, i3 uszed as condenzar and cransmitting-receiving objective: & 30

lens, 1 :
2z light-scurce. Tne ccmputed rang2 gmount

, 5 zmp tungsten lamp serves

e s e
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Electro-Optical Range Finder With Quartz Modulator AL21/AD26

to 250 m, the laboratory tesis were performed at a distance ¢f 35 m. A iens-re-
flector sysiem as used at tne NASM-ZA Typs gzodimeter should be applisd tc¢ ob-
tain a range-finder of longer measuring range. The msan error in range-finding
is éxpressed by Equation on Page 342 (I = measured distancze). The range finder
and the feeding apraratus weigh 5 kg each, Figurs 8 aws the condrel ranel,
Figure § the inner arrangement of the emitring svatem, ¥igure 10 the quartz med-
uiator of light, and Figure li the ccarse-pnasing &guipment. Further dzvelep-
ment requires an accompilshment of the range finder'z cpt 1 system and stabil-
ity-inzsrease of the crystal frequsncy. There are 8 references:s 1 Swedish, 2

English, 3 Czechoslovzk amd 2 German,
ASSOCTATIONS: Ustav radiotechniky SVUT (FRadisieczhnizs Ins
(Nsuman and Scboliky; Vizkumny D27av g=de

sear-h Institute), Prague i(I:iing,

SUBMITTED: February 29, 1960
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9. 4000 A207/4126

AUTHORS: Delong, Bo¥ivoj; Sokolik, Bohuslav, and Neumann, P¥emek
e

TITLE: Electrooptical distance meter with quartsz modulator

PERIODICAL: Studia Geophysica et Geodaetice, no. 9, 1961, 8 - 20

TEXT: in 1959, an electrooptical distance meter - the first instru-
ment of its kind in Czechoslovakia - Wwas developed for measuring geodetic
distances, by the Research Institute of Geodesy, in co-operation with the
Institute of Radio Engineering. Phe distance meter can determine the phase
difference of the emitted and reflected modulated light waves on a low fre-
guency by an electronic method. it has 2 oscillators: & primary one 0,
with a fregquency of 5 Mc/s, and a.secondary one Py, with a frequency differ-
ing from that of the former by aboubt 10 kc/s, (Fis. 1). The upper part of
the scheme represents the transmitting gystem, the lower part the receiving
system. The source L emits a beam of white light conducted by the condenser
K to the center of the spherical ring, formed by electrodes of the quartzite
modulator Kr. The latter, together with 2 thin polarized plates P and 4, ¢><
the first of which acts as 2 polarizer and the second as an analyser, peT-
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Electrooptical distance meter with... A207/A126
ending on the amplitude. The modulated light

on lense 04 and is passed on to the reflector

R located &b ttre cher end of the measured line. The light beam emanating
from the latter is returned to the initial point of the measured line. If
instrument and reflector are properly located as %0 direction, the reflected
1ight passes through the receiving lense 0, which then directs it to the

photomultiplier F cathode. The signal from the suxiliary oscillator is mix-
e main oscillator in the mixer Sm and also with

ed with the signal from th
the signal from the photomultiplier F on its last emission electrode. Two g
1ow-frequency signals are thus produced having the same frequency with un- o(i
changed phase ratios, which are led to thse synchronous detector Sa. A gal-
vanometer G is connected to the synchronous detector and indicates the phase
difference. When the dial of the galvanometer is on zero, the following Tre-

lation is valid for the measured distance D:
op = NL + 1 (1),
1L - the wavelength

where N is the whole number of modulation wave lengths,
dual which is 2 function of the phase differ-

of modulation and 1 - the resi
(2)-

ence f: 1 = %%L

card 2/8
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" The galvanometer indicator is set to zero by the phase shift of the signal

from the main oscillator and from the mixer with regard to the signal from

the photomultiplier. This, in turn, is done by the phase shifter which has
2 parts: One for rough phasing Fh, by which the phase position is changed
by jumps, and one for fine phasing Fh, by which the phase of the signal be-
tween the neighbouring rough phase position is changed smocthly. The scales
of the rough and fine phase shifters provide data at the zero position of
the galvanometer from which the measured length is determined. The mean

error of one measurement of length is expressed by the relation
mp = +(5 x 10-9D+5 cm).
The wavelength of the modulation L is obtained from the modulation frequen-
cy of the oscillator F from the relation L = v/F, where v is the speed of >(
light distribution in the atmosphere. The elctro-optical effects used in
the electro-optical distance meters described are linear in the guartzite
mnodulator. The latter is based on the validity of Hook's law. The authors
have attempted to determine the conditions for the design of a modulator
where a maximum modulation effect is achived. This maximum effect is reach-
ed at maximum changes in the ratio of the light bean emanating from the mod~
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ulator to the light beam entering it. It is assumed that the relative per-
meability of both polarization plates and that of the artificial anisotropic
medium of the modulator is equal to 1. The amplitudes of the light oscilla-
tion are determined from the relation
Ao = a sina sinf , e = 2 cos o cosf (3),

where a is the amplitude measured. Since the 1ight beam is directly pro-
portional to the square of the amplitude of the light oscillations, the ex-
pression

F = Fo[coszcx-p) - sin 2 sin 2p sin? %5} (4)

is derived, where Fo is the light beam entering the modulator and F - the
light beam coming out of the modulator. 1t is concluded that the maximum
modulation effect in the quartzite modulator takes place when the directions
of oscillations of the polarizer and the analyser form an angle of 900, and
when this angle divides the plane in two, formed by the optical axes of the
crystal and the direction of the passing light. The relative electro-opti-
cal permeability of the modulator ig determined from the ratio of the light
peams F and Fg: 1

1, = F/F, = sin® 7€ (5),

Cud4m
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where £ is the phase difference. Egquation
T, = sin? K4V - (6),

derived from equation (5), gives the characteristics of the linear electro-
optical phenomenon. An equation characterizing the quartzite modulator is
derived by replacing the phase difference & of the usual and unusual beams
by their refractive index:

At = tg - to = 1(1/ve-1/v0) (1,
where the speed of the ordinary beam in an anisotropic medium is the Vo and
the speed of the unusual beam - Vgj ty, - time needed by the usual beam to
pass in the anisotropic medium; 1 and te - the time needed by the unusual
beam to pass the same distance. The final equation representing the char-
acteristics of the quartzite modulator is given as

L ain2 1 Ang V

Tm = sin E’T(C'/l - 3F m)} (14).

The phase difference of the usual and unusual beams of the martzite crystal
ig found to be, according to

£ = Zmi/ﬂ. (ne—no) (8),

where ng and ng, are the refractive indices:
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- 1 @_Q_V_)
£ = 2W’<C1\, - AE 3001 9 (13)‘

From the latter formula it is concluded further that, with a change in volt-
age, the thickness of the crystal will also change within small limits, and
that the change in this thickness will effect only the constant element -
the phase difference £ - and will not affect the element, altered with the
voltage. It is pointed out that distance meters working with quarzite mod-
ulators consume much less power, they are lighter and more easily transport-
able, as compared to distance meters with Capp's modulators. The modulation
voltage was estimated at being as high as 100 v, and it is also pointed out
that, if the quartzite modulator works accurately according to the resonance
frequency, the modulation voltage should not come even close to the value of
100 v. The greatest range of the distance meter is found to be limited to
250 m for the time being, due to the optical system used. However, the auth-
ors note that if the present optical system is replaced by a system especid-
1y developed for the given purpose, distances up to 2 or 3 km may be obtain-
ed without difficulty. The distance measuring unit of the instrument rests
on a normal tripod and weighs over 5 kg. The power block has approximately
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the same weizht but somewhat smaller dimensions. In conclusion th2 authers
state that laboratory tests bf the electrooptical distance meter model with
-2 quartzite modulalor showed the validity of the initial assumpiions and
the su;;:sted 0r1“01gle, ‘endratso the expediency of the applied method for
asuri -codesic distances. Turther poerieciion of the insirument wrould
im;rovoren‘ of the optical system and an increusss in the sitabil-
crystal frequency. These measures would lead to an increzsc of
the range end of the accuracy of the insirument. There are 7 figurecs and
3 referenccs: 5 Soviet-bloec and 7 non-Soviet-bloc forence to £h
Anslish-language phblicatﬂun reads as follows: I Ho L
scnator Current of;Piezoélectric Llements 5 5
ASUCCIARICH: Iss lesovauel'oaly institut g €3 c s )
of Gebdesyy, Prague), (Delong); ard tekhnilki elelkiro
tekhnicheskogo fakul'teta Pezhsizoy politeithniki {(Insiituie of g
) Radioj Zngineering of the Bloctretechnical I riment, Frague
Polytechanic), (Sokolfk end Heumenn) '
SUBLITIED: Karcb‘1, 1960
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1. Ocny lekar, Huzomberok.
(VISION, physiol.
co;parison with principle of television (Cz))

TELEVISION
( principle, comparison with theory of vision (Cz))
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Author . Sokolik, G. A.
r T ShERATT
Title . Remarks on the theory of fusion

Periodical : Zhur. eksp. i teor. fiz. 28, 13-16, 1955

eorie generale des particles &

Abstract ¢ Genperalizes the theory of de Broglie (Th
tions of infinite dimensions.

spin, Paris 1943) in adapting it to egua
Four USSR and four foreign references.

Institution: Moscow State University

Submitted Feoruary 29, 1959
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Card 1/1 Pub, 22 - 9/51
Authors + Sokolik, G. A.

Wi
SERT

Title t Regarding the theory of relativistically invariant non-linear

equations

Pariodical 3 Dok, AN SSSR 101/5, 817-820, Apr. 11, 1955

a method by which all relativistically

invariant non-linear equations, used for the presentation of the
Bose-Einstein field can e found, By this method, non-linearl‘by
can be interpreted as some physical property of the Lorentz!

space group and it is analogous to the spin of a particle in-
ordinary space. Seven references! 6 USSR and 1 French (1943-1955).

Abstract 8 There is a description of

Institution : M. V. Lomonosov!s State University, Moscow

Presented by : Academician N, N, Bogolyubov, December 28, 1954
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p TIHOR: sororie, O B —
TITLE: Interpretation of the "Anomalous" Representation of the Inversion
Groups (Interpretatsiya "anomal'nogo" predestavleniya gruppy in-
versiy

YERIODICAL: gnurnsl Ekeperimental'noy i Teoreticheskoy Fiziki, 1957y Yol. 37s
515 -

EBSTRACT: The operators of "anomalous“ representation antisfy the conditiont
{?i'k‘ Ti“k" * = 0% i, k = 0, 1% i # kK.

For the case of & gcalaT representation of the entire Lorent?
group the "anomalous“ representation is equivalent to the expres-
gion of 2 parity doubletb.

1% is ghown that the interpretation of the “anomalous“ represen-
ration of jpversion groups of the four-dimensional space ig pos-
sible bBY means of term$S of a five—dimensional orthogonal eigen-
~-group with 2 pseudoeuclidian metric. There are 4 references,
card 1/2 of which aTre slavic.
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