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FOREWORD

This report, prepared in response to AID Work
Assignment.No, 52, contains material drawn from
the Soviet and Soviet-bloc open literature pub-
lished in connection with the launchings of all
the Soviet space vehicles, Section A contains
a conmprehensive analysis of some data discussed
in Sections, B, ¢, D, E, F, and G. The ana-
lyst¥s conjectures on possible design principles
utilized in the Vostok reentry systemsa, con-
tained in Item 6 of Section A, are felt to be
the most significant material in this report.
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Conclusions
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an
1. General Data on Reentry and Recovery

The diagram and chart shown in Figures 1 and 2 are based
on the comprehensive analysis of material found in Soviet
open lliterature published in connectlon with flights of
the Vostok-type spacecraft.

The material discussed in this report and partially
represented in Figures 1 and 2 has been grouped according
to the reentry and recovery phases, including orientation,
deceleration by the retroengine unit, free descent, de-
celeration by the atmosphere, and landing of the spaceship.

reparation of the spaceship for reentry begins at a
distance of about 18,000 km from the landing point, and the
reentry and recovery phase lasts about one hour. The retro-
engine unit is fired at a distance of about 8000 km from
the landing point, and the recovery vehicle reaches the
earth's surface in about 30 minutes or less. To transfer
the spaceship from orbit to a descent trajectory, it 1is
sufficlent to reduce the orblital velocity by about
40--100 m/sec; thus, the ship enters the atmosphere at a
velocity only slightly less than orbital veliocity.

The spaceship enters the sensible atmosphere at an
altitude of about 90--100 km, and it reaches the earth's
surface in about 20 minutes. The high-temperature and
overload phase lasts about 15 minutes, when the spaceship
speed has been decelerated by the brake flaps and steel-
strip parachute. Peak reentry overloads of about 10 g's
occur at an’ altitude oi about 50 km. During the high-
temperature and overload phase, the spaceship's velocity
is reduced from about orbital velocity to a speed of about
200 m/sec, and the maximum temperature of the nose cone
reaches about 1000°C.

The coswmonaut and spaceship are landed by aviation
parachute system, each of which consists of three para-
chutes. The cosmonaut is ejected from the spaceship
cabin at an altitude of about 7 km and reaches the earth's
surface at a rate of about 8--5 m/sec. The spaceship para-
chute system is switched on at an altitude of about 4 lm,
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and 1ts main parachut

than 3 km. The ship ia

.
eploys at an altitude of les

4 an £ s
nds at a speed of about 10 m/sec.
Analysis of Soviet literature does not lead to the
conclusion that the successes in Soviet space technology,
emphasized by Soviet authors, can be attributed to the
discovery by the USSR of some svecial type of rockeb-
engine fuel or new heat-resistant materials used in the
structure of engines aand recoverable vehicles. Analys!s
does indicate that a part of this success is due to the
special organization of the heat-exchange process.
Discussing the development of the spa e engines used for
launching Vostok-1 and Vostok-2, the Chief Designer of
these eugines states that priority in research was glven
to the study of "highly forced" combustion processes
which basically determined the success of the entire
project. [1]. Several indications were found showing
that hot gas 1s remcved “rom the walls of the structure
by a relatively cool gas flow. In this report, the
application of this method of protection of a body from
overheating is demonstrated in Fig. 15, where a rela-
tively cool gas flow generated by the retroengline unit
removes the hot gas of the shock wave from the ship's
nose. N
Figures 3, %, 7, and 14 have been taken from East
German source 2;:Figures 6, 8, 10, 11, and 12, from
Russian sources 3, 4, 5, and 6; Figure 9, from Czecho-
slovakian source 7; Figure 5, from Rumanian source 3.
Figures 13 and 16, from Hungarian sources 10 and 8;
and Figures 1, 2, 15, and 17 were complled by the analyst.

2. Setting the Vehicle in the Orbit.

Analysis of Soviet open literature indicates that all
Soviet space vehicles were launched by a carrier rocket
developed by one organization under the supervision of one
person. Some sources give indications which make it possible
to conclude that the Soviet space vehicles were launched by
three-stage carrier rocket systems as shown in Fig. 3.

From Soviet sources it 1s known that the carrier
rockets used for launching the Vostok-type spaceships
were equipped with six liquid-propellant engines developing
a total of 10,000,000 hp with a maximum thrust of 600 tons.




. e e e wy .

....... annAanAine A an ot (‘Dﬂmﬁﬂ aourece rQ] the

HUWCVCJ.) B v Vh wUatilEy VWV sl a-v-vv s 108 =

estimated thrust of the Soviet carrier rocket used for
launching the Vostok-l and Vostok-2 was 750 to 1000 tons,
-rith the launch weight of this carrier rocket system
well over 500 tons. The same source states that the
carrier rocket tested in the Pacific Ocean on 14 Septem-
ber 1961 gives rise to the conjecture that it was a
system capable of launching a 10-ton payload.

3. Reliabillty of Vostok-Type Spaceships.

The Vostok-type spaceship consists of two basic units:
the cosmonaut's cabin and the instrument section. The
retroengine unit and the orientation systems are locabed
in the instrument section, which is separated from the
cabin during reentry.

The Vostok-type spaceship is equipped with systems
for saving the cosmonaut in any emergency situation which
‘could be foreseen at any point during launching, reentry,
or recovery. The automatic reentry and recovery systems
of the spaceship are backed up by manual control. In the
event of automatic and manual control system failure,
over a period of ten days the ship will of itself gradually
enter the dense layers of the atmosphere and descend.

The more essentlial systems and components of the
Vostok spaceship were duplicated and even triplicated.
Reserves of food, water, regeneration system reagents,
and electric power were included in sufficient quantity
to sustain a cosmonaut for a period of 10 to 12 Jays.

In case of an emergency situation arising during launching
or reentry,-a bright light flashes on a screen; the cosmo-
naut pulls a lever which acbivates a seat-e;ection systen.
The pllot's seat 1s equipped with a portable emergency

kit, as well as with radic and direction-finding equipment.
The Vostok-type spaceships are suiltable for repeated flights.

4, Vostok-Type Spaceship Orientation and Control Systems

Spacecraft orientation and control systems have been
used in the USSR since 1959, beginning with the launching
of an interplanetary station towards the moon. Orienta- °
tion of Vastok-type snips is carried out automatically,
using the sun as a reference, and manually, using the earth.

[




The orientation system of the Vostok-type ships consists
of sensitive optical and gyroscopic sensors, gas rudders,
compressed-gas tanks, a "VZOR" optical orientation device,
a specilal control stick with spacecraft angular-velocity
sensors, and the orbit navigation device "space compass."

The -"VZOR" optical orientation device is used by the
cosmonaut in manual control for determining the position
of the ship relative to the earth. It is mounted on one
of the three cabin portholes and consists of two ring-
shaped mirror reflectors, a light filter, and glass with
a reticle. The sun's rays coming from the line of the
horizon strike the first reflec¢tor, then pass through the
porthole glass to the second reflector, which directs
them through the glass with the grid to the cosmonaut's
eye. When the ship is properiy orlented, the cosmonau’
sees an image of the horizon in the shape of a concentric
ring, and the, direction of the "run" of the earthis sur=
face colncldes with the course line of the grid. Devia-
tion of the ship from this position is corrected by the
cosmonaut, using the control stick.

Tu determine the location of the spaceship, in the
cabin section where the cosmenaut finds himself are three
portholes, and on the instrument board is a small "space
compass" navigation device. The space compass is a silver
box, two times smaller than an ordinary Soviet television
set. Thils device, which is in its way a computer, takes
only 0.3 w of electric power and can operate from a pocket
battery. The space compass has been used for determining
the longitude and latitude of the spaceship, the number of
completed orbits, and the place {or landing. The naviga-
tion device 1s installed in the cabin of the ship in the
upper ieft-hand corner. On the instrument board ¢l the
ship 1s seen a finely drawn globe located under the
spherical glass. On the spherical glass there are two
large and small circles with a reticle, the smaller circle
within the larger one. The globe 1is rotated at exactly
the same angular velocity as the earth and has two settlngs,
the "orbit" setting and the "landing" setting. The orbit
setting shows the location of the ship relative to the
earth's surface during the orbit flight, and the location
area is seen under the reticle of the large circle. The
landing setting shows the point at which the ship would
land nad the cosmonaut begun deceleration at that mcmenéd,
and which is seen througn the small circle on the spherical
glass. To change the globe's setting from "orbit" to

landing," a switch is thrown, causing the globe to skip to
a new position. A smail opening, liks the speedometer of
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the "Moskvich" automob’le, shows the number of orbital passes.

The orilentation system is switched on at a distance of
about 18,000 km from the landing point about one hour before
ianding of the spaceship's cabin (64 min for Vostok-l and
55 min 44 sec for Vostok-6).

5. Deceleration by Retroengine Unit.

Decelevation of the spaceship from the apogee is much
more economical on fuel than deceleration from the perigee.
For the fourth ship-satellite, the deceleration f{rom the
apogee gives more than 40 percent savings in fuel in
comparison witr deceleration from the perigee. But,

actually, fuel economy is far from being always the de-~
ciding factor.

The sources used for this report do not give definite
data on the Sovlet spaceship's speed during orbital flight
and reentry. Analysis of data mentioned by the Soviet
writers make 1t possible to conclude only that the retro-
engine unit decreases the speed by relatively small value,
and the spaceship approaches the dense layers of the ate
mosphere at a speed of about the first cosmic speed.
Theoretically, to cause the descent of the Vostok-type
spaceship required decreasing the flight speed by about
0.050 km/sec. In reality, however, trL. zame Soviet re-
coverable space vehicles were caused t¢ Zescend probably
by decreasing the speed by about 0.5 km/sec.

The weight of the retroenglne unit depends upon the
total decrease in speed, regardless of the number of
starts and the duration of operation. For orbiting ships
flying at altitudes attained by the Vostok-3 and Vostok-4,
it is sufficlent to decrease the speed by 40 m/sec for
fhem to descend below 100 km. Such a change in speed re-
quires a retroengine unit which comprises only 1 to 2% of
the ship's weight. To change the speed of a spaceship by
100 m/sec, it 1s necessary to have a power unit which
comprises from 3 to 6% of the ship's weight (cabin, pay-
load, cosmonautsj, and to change the speed by 2 km/sec,
1t is necessary to have a fuel reserve equal to 40 to 60%
of the ship’s weight. The weight of the entire retro-
angine unit comprises 50 to 80% of the ship's weight.
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6. Possible Design Principles Used in Vostok Reentry
Systems. |

Fig. 15 has been compiled by the analyst after a
comprehensive analysis of the materlial used in this report.
Items 1, 2, and 3 shown in the figure were mentioned by
several sources stating that the Vostok spaceship con-
slsts of two main sections: the cabin section (1) and

instrument section (2), with the retroengine unit. located
in the instrument section.

From the sources analyzed it follows that the retro-
engine unit contains one or several liquid-propellant
engines located in the rear of the spaceship. However,
no textual material was found mentioning the location of
the retroengine unit discharge nozzles. A TASS report [11]
and another Soviet source [3] contain 1llustrations in
which the discharge nozzles of the retroengine uni¢ are
located in the rear of the Vostok spaceship. However,
an £ast German source [2] contalns illustraticns (see
Figs. 4 and 7) in which the discharge nozzles of the
retroenglne unit are depicted as being lccated in the
front of the spaceship. There is no reason %o suppose
that, in his book, East German specialist Hoffman changed
the concept of rearward discharging nozzles, as pub-
lished first¢ in TASS, without a purpose; it is possible
that he changed the TASS concept in order to be more
accurate. Therefore, for the purposes of this report,
reference 2 is considered as a more authoritative source
regarding retroengine discharge nozzle location (see
items 4 and 5 of Fiz. 15), and the nozzles are conse-
quently shown in the front part of the spaceship.

A reentry system with retroengine unit bow nozzies
1s more logical than a system employing stern-mounted
retroengline unit discharge nozzles., A description of the
retroengine unit with bow nozzles serves well to clarify
several indications by Soviet speciaiists relating to re-
entry principles which have remained unclear when analyzed
in the light of a retroengine unit with stern nozzies.

The first advantage of a retroengine unit with bow nozzlies
is that it is not necessary for the spacecraft to undergo
two 180-degree maneuvers: one in orbit before firing the
unit and again on the descent trajectory before reentry.
This conclusion by the analyst is based mainly on Fig-
ures 4 and 7. In addition, it is supported partly as
follows: No textual information was found in the sources
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used for this report indicating that the Vostox spaceships
travelled with the nose to the rear while in orbit or
during descent. On the contrary, the analysis of ma-
terial relating to ground-based cosmonaut training in the
ship, the discussion of flights by the cosmonauts, and
descriptions of the operation of the orientation system
by various writers indicate that in orbit the spaceship
maintainel a nose-to-front attitude. .

The second principal advantage in a retroengine unit
with bow nozzles 1s that during the reentry sequence, the
retroengine unit may be used twice: once in orbit and
once in the high-temperature zone. This conclusion is

based mainly on an article by Professor V. V. Dobroanravov {12],

from which it follows that two methods are employed in

the reentry of a spaceship: retrograde thrust and ve-
locity damping in the atmosphere. In addition, the above
conclusion is supported partly by reference 13, from which
it follows that the Vostok's instrument section {in which
the retroengine is located) separates somewhere near the

end of the high-temperature and overload portion of the
reentry trajectory (see Figs. 1 and 2). It is not logical
vo suppose that in the atmosphere the retroengine unit
operates for the purpose of reducing the speed of the
spaceship, because, as mentioned by I. A. Merkulov [14],

to change the speed by 2 km/sec, it 1s necessary to have

a fuel supply equal to 40 to 60% of the ship's weight.

in the analyst's opinion, in the high-temperature phase

of reentry, the retroengine unit us used not for reducing
the ship's speed, but to push away the shock wave (sece

item 6 of Fig. 15) and to reduce the heating of the space-
ship structure. From this point of view, it is reasonable
o conclude that the spaceship is equipped not with two
discharge nozzles as shown in Figures 4 anéd 7, but with

four peripherally-located discharge nozzles (item 4, Fig. 15),
and one centrally-located discharﬁe nozzle (itenm 5, Fig. 15;
in the nose. Reference 3 states "The shell of the fore

body of the ship 1s made with a double wall, like the jacket
of an internal combustion engine. The coolant is pumped
into the jacket space. The surface of the rocket's cone

is porous [3].

According to reerence 15, "liquid cooling through
the pores of the shell is possible, althcugh there i3 a
danger of the pores becoming choked."” [15]. Therefore,
some writers state that gas may be used in a porous cooling .
system lnstead of liquid. From these statements it might
be conclyded that in the ‘porous cooling system shown in

Fig. 15, the gas produced by the retroengins unit wight be used.
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If this is s0, then the gas flowing through the porous
nose cone separates the boundary layer from the cone
while the gas flow from jets 4 and 5 (Figure 15) moves
the shock wave 6 (Figure 15) to position 7 {Figure 15). ‘
IS does not necessarily follow that the gas produced
by the retroengine unit (3) flows to the nose cone along
the four channels shown in Fig. 15. It 1is possible that
the ship's shell is made with a double wall and the gas
going from the engine 3 to the nose cone flows through
the jacket space. In this case, the gas flowi‘'g through
the Jjacket may be considered as protection for the cosmo~-
naut's cabin, since the discharge gas temperature for
liquic-propellant engines does not exceed 2000°C [16],
i.e., it 1s much lower than the gas temperature on the
outer surface of the ship's shell during reentry. The
spherical shape of the cabin, as shown in Fig. 15, has
been discussed in a 1961 AID report {17], which is
based on several open sources, including a TASS report [1l1].
The spherical cabin requires a relatively small contact
area between the cabin wall and ship's shell; this de-
creases the degree of heat transfer from the hot outer
surface of the ship to the cabin.

Several sources state that internal cooling systems
utilizing water may be used in space vehicles, but the
sources do not indicate in what part of the vehicle such
systems are used.

The concept of locating the discharge nozzles in the
front of the spaceship is supported additionalliy by Titov's
discussion of the "fireflies" or the "vhenomenon of small
luminous dots floating past the porthole of the spaceship”
during his orbital flight. Titov explained their orig’n
as follows: "...during scavenging (cleaning the engine),
burnt gases and liquids under conditions of weightlessness

turn into drops, scatter and luminesce in the sun's rays..." [47]

from Titov'!s discussion it follows that the small dots
originated in the engine discharge nozzles, since (it is
logical to suppose) only these parts of the retroengine
unit are exposed during weightlessness, but he doesn't
mention the direction in which the dots floated. Thnis
blank in Titov's description was made for in the Bykovskiy
and Tereshkova report [19], in which Bykovskiy discusses
the dots stating, "their movement appears as If they are
leaving the ship or the ship is passing by them."
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The st ng ing \9>, attidude conts ‘
wambers (10) and gas flows (11) and (12) have been
érawn in Fig. 15 based on Figures 9 and 14b. The
operation of these components is not discussed in the
references; however, in this repecrt, a briefl discussion
will be given below based un analysis of Fig. 14b.

Pey

Analysis of reference 2 ieads to the conclusion that
111ustrations ld4a and 1l4b, appearing on the same page in
tne reference, represent the beginningzg and the end of a
Vostiok flight. However, the author Coesn't give a textual
explanation of these pictures. 1In the relerence. illustra-
t1on l4b shows a Vostok spaceship, the nose portion of
which is surrounded by bililows of smoke, while its nozzles,
located on the stabilizing ring, discharge a forward flow -
in the direction of the nose portion of the ship. It
seems that the billows of smoke have been reflected in the
same manner as the smoke issuing from carrier rocket
engines when fired on the ground. From this discussion
it follows that for a logical explanation of Fig. l4p
there 1s only one probable assumpticn which can be mades
the Vostok is equipped wifh refroengine unit bow nozzled
as is depicted ia- Fig. 15,and FPig. 14b shows the Vostok
in the reentry mode in which the gas flows generated by.
the retroengine unit are being reflected from the shock
wave. .

Fig. 14b shows very strong gas flows dischargiag
from the stabilizing ring. It looks as though these flows
are able to maintain a proper reentry angle with high
accuracy. The gas flows (12) shown in Fig. 15 are based
cn Plg. 9. These flows may be used after The ship has
attained orbit or during orbital flight when it is neces-
sary to increase the ship's speed by a small value.

On the basis of Fig.1l0([5], it is possible to conclude
that the pllof's seat saown in Figures 9 and 1. 1s in the

' launching position. During the deczleration of the ship

in the atmosphere, the cosmonaut should be in a reentry
position. 1.e., with his back to %he front of the ship.
T.e pilot!'s seat in Fig. 15 aight be changed from the
launching position to the reentry position by rotating

the spherical cabin as shown in Fig. 16 [8], item 3 of
which indicates special equioment for this purpose.

The position of the cosmonauv carn be changed also by re- -
versing the seat without the nefessity of rotating the
entire spherical cabin. This conciusion by the analyst
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15 based on an indication found in a TASS report [11].
Discussing Vostok design principles this source states,
"Phe cosmonaut situates nimselfl in the ship-satellite's
ejection seat, which serves as h!s work area during

flight and is used for ship egress by the cosmonaut 4n

an emergency. The "pilot's seat has been so positioned
that overloads act on the cosmonaut in the most favorable
direction (chest to back) during launching and reentry." [11].
From thils statement 1t follows that only the seat position
determines the direction in which launch and reentry over-
loads act on a cosmonaut and not the rotating of the
spherical cabin or the entire ship. If this is true, then
vhanging the direction in which the cosmonaut faces during
launching and reeniry position can be done by rotating

the pilot's seat 180 degrees. Fig. 17 has been made by
the analyst on the basls of several open sources and
originally appeared in AID Report 61-101 [17]; this

figure indicates that the piloi's seat can be rotated
about its lengthwise axis.

Fig. 16 is a riproduction of a color sketeh of a
-spaceship with a spherical cabin published in
Tudomany es  technika [8], a Hungarian pcpular
science perlodical. Although the sketch is not specifically
identifled as the Vostok-l, it accompanies an account of
Gagarin's flight. The weight given for the spaceship is
4725 kg, the same as the weight officlally announced for
the Vostok-1l.

Analysis of the various 1llustrations depicted in
Fig. 16 leads to the conclusion that the Hungarian source (8]
shows the recoverable capsule without coune (center iilustra-
tion) and the entire ship with cone in orbit (upper and
lower 1llustrations); these are similar to the ships shown
in Figures 3 and 4. The lowermost illustration in Fig. 16
depicts the recoverable capsule in fthree modes: with gas
flow, with gas {low and aerodynamic braking, and with para-
chute. This illustration supports the main reentry principle
discussed above that during the reentry of a Vostok space=-
ship, the retroengine uni% 1is used twice: once in orbit
and once in the atmosphere.

The perlodical Znaniye-sila (20] 1is one of
the few Soviet sources to use tne word “capsule" to describe
the recoverable cabin of a spacecraft. This source coes
nov give any information relative to the nose-coneless
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czosule of the type shown im Figure 16. AL tie present time,
sne principle of a nose-coheless recoverable capsule, like
the one shown in Fig. 16, cannot be used as basic material

1y, extrapolating Vostok reentry systems, since the nose-
cone-type recoverable cabin (Fig. 15) with the retroengine
unit located in the instrument section is supported by
several Soviet sources. It is possible that in the future,
additional information will become available on the nese-
coneless recoverable capsule, and the design principles

showa in Fig. 16 may be of use as basic material in the

extrapolation of the Vostok design.
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SECTION B, GENZRAL DATA ON THE STRUCTURE
OF VOSTOK~IYPE SPACESHIPS.

1. Similarity in Design and Mission Principles of Soviet
Spaceships.

This section contains material in support of statements
which appeared previously in AID publications:

A. All the Soviet space vehicles and carrier rockets
were developed under the supervision of one person, who in
Soviet literature is referred to as the "Chief Designer of
Space Vehicles," or the "Chief Designer.,"

3. The structure of all the Vostok spaceships is similar
to that of the five previous Soviet ship-satellites launched
in 1960-1961.

C. All the ship-satellites and manned Vostok spaceships
vere launched and recovered according to the same program.

The prime significance of theses statements lies in the
fact that they make 1t possible to relate previously published
information on the ship-satellites to the Vostok spaceships.
Several statements showing various similarities in Soviet space
technology are cited below.

"An official report on the Gagarin flight of 12 April 1962,
states that the spaceship was built on the basis of
experience obtained from the launchings of the first
ship-satellites. (11] According to A. Shternfel‘d,
the structure of the Vostok was perfected during the
previous launchings of Soviet ship-satellites. On
the first, second, and third ship-satellites, systems .
were perfected and checked which assured th. insertion
of the ship into its orbit and the flight safety and
control. required for manned {light and recovery. Space
physics was also investigated during the flight of these
ships. On the fourth and Jifth ship-satellites, the
Vostok's structure and its systems for safe flight and
recovery were further perfected. [21] The fourth
and fifth ship-satellites, launched in March 1961,
were considered final test shots for the Vostok.
Each of these vehicles carried a dummy in the pilot's

. seat and an experimental dog (Chernushka in the fourth
ship and Zvezdochka in the fifth) in the cabin." [11]
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In an article written in connection with the Vostok-l
launcning, rrofessor G, V. Fetrovich states that in the four
normal recoveries of the ship-satellites, the condition of
the cosmonauts'’ cabins [analyst's italicsj was such that it
permitted their use for a repeat flight. The Vostok-l was the
sixth in the test series of ship-satellites. [22] This same
idea is also expressed by another author. Discussing the
Vostok=-1 flight, Mar'yanin writes: "Vehicle recovery was
checked repeatedly with ship-satellites. During these flights,
test dogs Chernushka and Zvezdochka were landed safely in
the ship." (23] According to reference 11, the same flight
program was in effect for the ship-satellites and for the
Vostok-1: "As a result of extensive and intense work, the
spaceship Vostok was developed. In March of 1961, two final
control launchings were conductad.... The flights were carried
out according to the same program used for the first manned
space flight.: [11]

Using the official report on the Gagarin fligh: [11],
H. Hoffman (GDR) states that the Pravda description of the
Vostok-1 essentially holds true for the Vostok-2 [2]. The
cosmonauts indicated that all the Vostok-type ships are alike.
Popovich states: "All the Vostok-type ships are alike, except
that the Vostok-3 and Vostok-4 were more comfortable and
improved,” [24]

The development of the Soviet carrier rocket is mentioned
by Hoffmen. He gives scme data which usually are not publishsal
in Soviet sources. His comparison of the Soviet carrier-rocket
systems with the U, S. systems makes it possible to determine
approximately the method used for calculating the thrust values
mentioned for Soviet carrier rockets. Discussing the orbitzl
velocities of the Vostok spaceships, Hoffman states: "One can
imagine what a powerful thrust was needed to accelerate the
Vostoks I and II t¢ such a high velocity and propel them over
such long distances. The estimated thrust (based on information
giving 20 million horsepower as the enginz power expended) of
the Soviet rockets was 750 to 1000 tons. This means that the
launch welght of the carrier-rocket system was well over 500 tons
and, therefore, corresponded approximately to the weight of
three modern DZ locomotives with tenders. The power output
of Soviet carrier-rocket systems is 25 to 30 times greater
than that of corresponding U. S. systems.... The rocke: tested
in the Pacific Ocean on 14 September 1961 gives grounds to the
conjecture that it was a carrier system capable of launching
a 10-ton payload." (2]




2 General Configuration of Vostok-Type Spacehips.

In an article by A. Romanov and an official reportf the

Vostok spaceship is deseribed in the following terms: 'The
Vostok spaceship consists of two basic units, one being the
cocmonaut!'s cabin containing the inflight life support system
ané recovery system and the other, the instrument section. The
latter section contains radio and telemetry equipment; the
spaceship's retroengine assembly is alsoc located in this section.
The cosmonaut's cabin is quite roomy and the cosmonaut'!s seat
is in 1ts center. The catapult and pyrotechnic devices are
puilt into its body alongwith parachute system., emergency
supplies of food, water, and equipment, and a radio set for
communications and direction finding after landing.: [(25]
“The shell of the cabin has three portholes and two quick-
opening hatches. The portholes are made of heat-resistanst
glass and permit visual observations to be made during the
entire flight.”" [11]

Analysis of Soviet literature published over a period of
several years leads to the conclusion that the Vostok spaceship
is a winged venicle-and has a spherical cabin consisting of
two hemispheres. This statement 1s discussed in detail in
AID Report 61-101 [17]. This report shows the location of the
pilot's seat in the cabin and the location .of the quick-cpening
hatches mentioned above, ore of which is used for ejecticn of
the cosmonaut from the cabin.

The configuration of the Vostok-type spaceships is probably
similar to that shown in Figure 9.

3. Rellability of Vostok~Type Spaceships.

Professor G, V, Petrovich says that it would be naive to
suppose that the conguest of space will not claim any victims.
For this reason the Vostok was equipped with systems for saving
the cosmonaut in any emergency situation which could be fore-
seen on any part of the trajectory, starting with the moment
before[th? launch and insluding the orbital flight and recov-
ery. 22

in an article commemorating the fifth anniversary of the
launching of the first earttr satellite, M. V. Keldysh describes
the development of ship-satellites: "For the first time a
method of returning a spaceship to earth was developed. This
required special orientation systems..., the designing of
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automatic braking devices for recovering the ship from orbit !
and landinz 1% in a predetermined aréa. The sclentists devised ;
means of safeguarding the ship's hull from burming during i

- " X
passage through the dense layers of the atmospherz. [25] ‘

Professor V., V. Dobronravov states: "Two methods may be ;
employed in landing a spaceship: either a retroengine unit ,
or veloelty damping in the atmospnere., The first of these {
methods requires large fuel reserves, The second method does i
not have the above type dravwback; however, it is not entirely
reliable. The most effective [would be] a combination of these :
two methods," [12] ;

In an article on the Vostok-2 launching, K. Mikhaylov i
.mentions the recovery-system redundancy and the probability '
of reliable operation of the systems in the Vostok spaceship,
which he places at higher than 90%. He derives the reliability
of the Vostok-l as follows: '"The automatic recovery system of
; the Vostok ship-satellite was backed up by manual control....
s Besides this, the ship was inserted into such an orbit that if
5 the manual system had failled, then over a period of less than
‘ ten days, the ship, influenced by alr-resistance forces, would
i} of itself gradually ‘enter the dense layers of the atmosphere
f and descend.... If, for example, we would arbitrarily assume
that the probable reliability of insertion intc a given corbit
[1.e. being in a2 correct orbit] is egual to 90% and the re-
1iability of operation of the atuomatic and manual control
systems is also 90% (for each), then, on the basis of tha zo=-
- called '.nltiplication theorem!, the probability of fallure
i will equal the product of the probability of failure for each
) of the recovery systems, i. e., 0.1 x 0.1 x 0.1 = 0,001 or 0.1%.
iy The operational reliability ol all the components of Soviet .
d rockets, which has been demonstrated by the many launchings, i
leads onie to believe that the probability of reliable operation, ,
stated as 90%, is a lower estimate.: [27] ;
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Petrovich further states: "The Vostok was the sixth in
the test series of ship-satellites. All systems were tested
and perfected in the previous flignts, and_stable results were
obtained in the fourth and fifth shets.," [22] Titov, in o
discussing the heat-shield reliability, states: "The heat v
shielding was_reliable and had been checked many times in :
flight." [28] : P

: Descriting the orientation system of the Vostck-l, 5
N L. Mar'yanin says, "...everything was accomplished automatically P
- by electronic computers which issued the nzacessary commands. '
. However, we would nat rest with this; a series of supplementary
e measures was developed in order to preclude the possibility

of eny accidents. The principal means was the manual flight- .
controi system." [23] ’ : ‘




From discussions by several authors, it fcllows that Vostok=-

type spaceships are equipped with wings. Discussing a wmethod

for recovering a cosmonaut during 2 landing back on earch, Yu,
Marinin states: "Here, the cosmonaut will encounter the danger
of landing far from the calculated area, in the mountains, or

in swampland. In this event, in order to save the cosmonaut,

the satellite should be equiyped with means of controlling 1its
flight, for example, wings." [29] :

In a discussion of system recdundancy, G, Titov states:

"Our designers considered it necessary to duplicate and even
triplicate the more essential systems and components, theredy
considerably increasing the weight of the equipment.... Reserves
of food, water, regeneration-system reagents, and electric power
vere included to sustain the cosmonaut for a period of 10 to

12 cays, 1. e., to make possible a safe descent through natural
deceleration 5 to 12 days after launching." [30] This same
idea is also expressed in passage by K. Kikhaylov guoted on

p. 33. L. Martyanin supports this by saying, "Even though
the first flight was of short duration, the food, water, and
electric power reserves wer2 wisely calcuiated to be sufficient
for 10 days." [23] K. Gil'zin states: "Even if the absolutely
reliable duplicate -and triplicate systems of our spaceship
malfunctioned, there would not be a catastrophe. The cosmonaut
would safely descent to earth, lecause the orbit was so calcu-
lated that after 5 to 12 days cof drifting in space, the ship-
satellite would eventuvally decelerate in the atmosphere, descend,
and make a landing." [30

Ye, Grebenikev and V. Demin mention the cosmonaut's action
in case of an emergency situatlion arising during the launching
or recovery. They state: "If in the several second following

iftoff a bright lizght flashes on the sc¢reer:, he pulls a lever,
The light indicates that a malfunction has occurred cduring the
launch. The lever activates a catapult which ejects thae

capsule high into the air. a parachute automaticaily opens....
During descent, the cosmconaut again places his hand on the red
lever." [31] According to H. Hoffman, a portable emergency
kit is located in the pilot's seat: "The pilot's seat is
equipped with...a portable emergency kit (food provisions, water,
first-aid dressings), as well as with radio and direction-
fi?ding equipment which the cosmonaut might need after landing.”
2

According to some sources, the Vostok-type spaceships
were suitable for repeated flights. G. V, Petrovich stvates
that in the four normal recoveries of the spaceship-sattelites
"the condition of the cosmonauts'! cabins was such that it
permitted their use for a repeat flight after minor repairs to
“he oubter covering only."” [22] Speaking about the Vostok-4,
Popovich states: "If I were permaitted, I would fly with pleasure
more than once in the Vostok-4.," [24]
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SECTION C. D=ESCENT OF A SPACESHTIP FROM

Sl e

ORBIT TO THE SENSIBLE ATMOSPHERE
1. Orientation System*.

.ccording to an official report, "the Vostok's orientation
in space can be accompl¢5uuc either by an automatlic sun-seeking
system or by thne pilot, Thz former ensures proper turning of

the ship and accuracy in maintaining the required position.
The sensing units of the system consist of a number of optical
and gyroscopic transducers. In manual control, the cosmenautl
uses an optical orientation device for determining the position
of the ship relative to the earth, The optical orientation
device is mounted on one of the three cabin portholes and conslizii;
£ two ring-shaped mirror ref;ecuors, a light filter, and a
dlass with a grid The sun's »ays coming from the iine of the
horizon strike the first reflector, ohen pass througa the port-
nole glass to the second reflector, which directs them through
the gilass with the grid to the cosmonaut!s eye., When the ship
is correcstly oriented vertlcally, the cosmonaut sees an image
of the horizon in the form of a circle and he obsexrves the
seation of the earth's surface below through the center part
of the porthole. The position of the longitudinal axis of the
ship relative to the flight direction is determined by obser-
vation of the 'run'! of the earth'!s surface in the vision field
of the porthole. Using the control devices, the cosmonaut may
turn the ship so that the line of the horizon is visible in
the orientation device in the form of a concentric circle and
the direction of the ‘run! of the eartnhn's surface coincidas
with the course line of the grid. This will indicate correct
orientation of the ship. If necessary, the vision field of
the orientation device may be covered with a lignt filter or
2 hlind. A globe located on the instrument panel makes it
possible to detern ne, along with the current location of the
ship, its landing area if the retroengine is fired.' {11]

Engineer N. Aleksan?rov makes the following statements
regardinv uh& orientation cnd stabiiization systems of space
vehicles: "Soviet scientists and designers grappled successfully
with this complex scientific and technical problem in 1959,
with the launching of the interplanetary station %o the Moon.
Since that time not a single one of our spaceships has been
launched without such equipment abeoard....

*)
In Russian, the term "orieatation systen" has essentially the same
meaning as the American usage of the term “attitude control system.”
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“Cn the Vostok ships {orientation] is carried ocut
automatically in relation ¢o the sun and manually in relation
to the earth. In both systems, the sensing elements are optical
and gyroscopic transducers.,..

"In manual control, the cosmonaut can utilize the !VZOR!
optical system, a special control stick, angular-veloclity
transducers, and other devices. The optical orientation device
is located on one of tvhe cabin portholes. It i1s.so constructed
that when the ship is properly orientad, the cosmonaut sees an
image of the horizon in the shape of a circle. The portion of
the earth's surface located below [the ship] is visible in
the central section of the porthole.

"Phe position of the longitudinal axis of the ship is
determined by observations of the 'run'! of the earth's surface
in the vislion field of the orientation device., If the direction
of the 'run?® :¢oincides with the course line, it means that the
ship is properly oriented. The appearance of deviations indi-
cates the need to correct the ship!s attitude. 1In this case
the cosmonaut, [by] deflecting the control stick to the side
rejuired, sends command signals to the transducers of the
orientation system. Signals from them are sent to the rocket
engines -~ t0 the thrusfer nozzles, from which a Jet of gas
is issued." [32]

In an article on spacecraft orientation and control,
V. Vasillyev and B, Semenov state that three flywheels with
mutually perpendicular axes, powered by an electric motor,
may be used to orient a spacecraft about its three axes. Fly-
wheel weight can be reduced by increasing the speed of rotatcion;
this, however, requires greater motor power and, consequently,
greater weignt of the power source, The optimum variant is
that in which the overall weight is minimal. Discussing the
orientation and control equipment aboard Vostok spacecraft, the
authors state that a special optical device, the "VZOR," is
used by the cosmonauts to observe the earth's surface and to

orient ¢he ship according to the local vertical and the directlion

of flight. Another method for determining the locali vertical

is throuzh tne use of a speclal device which detects the earth'ls
thermal and infrared radiation. Automatic devices connect the
orientation indicators to the spacecraft's orientation-control
system. The authors describe the manual control system, stating
that it 3s composed of control rocket engines, spscecraft rate-
of -turn »%ckups, an optical orientatior device, and other
componerts, If the ship has deviated from a given position,

te cosnmonaut moves the control stick in the proper direction.
¥With this, the rate~of-turn plckup r2ceives a signal which
switches on rocket engines. 7The craft begins to turn faster,
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The rate of turn increases until it compares with that given .
py the cocsmonaut. At this moment, the engines are switched i
off, and the craft potates at a constant speed. As soon as ‘
the deviation has been corrected, the cosmonaut places the
control stick in the neutral positicn., With this, the rate-
of-turn picxup releases the signal given by the cosmonautv at

the beginning of turning; 1.e., it signals zero rate of turn,
Iinstantly, rocket engines go into operation which begin to

slow the ship. As scon as the rate-of-turn pickup signals that
ship rotation has ceased, the engines are switched off. There-
fore, each rotation of the ship about its centcer of gravity is
accompanied by a twofold switching on of the rocket engines «-
once forr initiating rotation and once for stopping rotaticn.
Discussing reentry, the articie states that in crder to accom-
plish reentry, the engine unit must produce thrust opposing

the spaceship'’s direction of fiight. For this, the craft must
be turned so that at the moment of switch-on of the engine unit,
tvhe nozzles of the rocket erngines face in the direction of
flight., [33]

g e wee e

Analysis of several sources shows that the power unit of
the orientation systen consists of small nozzles and spherical
compressed=-gas tanks {34], wnieh are located on the cufer :
surface of the ship's instrument section [22]. Design Engineer '
T. A, Merkulov aescribﬁng the Vostok-3 and Vostok-4 flights, :
uses the word ‘angines” in relation to the attitude control
system: “After separation from the rocket, only small engines
for attitude control and a retroengine sysvem assuring the
snip's return to earth remain with the ship” L14].

"Additional details have been disclosed concerning the
envircnmental control system of the Vostck spacecraft. Unlike
the water-boliler arrangement in Mercury, which carried away
heat by vaporization, the Soviet technigue involves a heat
exchanger in which the circulating coolant delivers the heat
flux to the skin of the spacecraft, where it is radiated into
space. Adjustable vents are used on the radiating portion of
the spacecraft'!s skin to maintain the c¢oolant at a constant
temperature within the closed system, Cabin temperature is
regulated by the cuan»ity of alr driven through the heat exchanger
by the fan, The system has proved accurate to 1.5°C, according
to the Soviet report.: [35]

The time lapse vetween switch-on of the Vostok-1l's
automaitlc orientation system and the completion of preparations
ol the onv oa“d apparatus for switching on the retroengine was
24 minutes: MAt §:51, the automatic orientation system was
switched on, After leaving the night side, the system perforwed
& search for a orientation on the sun.... At 10:15, the comrandus
came Trom the computer to ready the onboard apparatus for firing
the retroengine." [11]
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Deseribing her activity in the space. p during flight,
mepreshkova wrltes that while in orbit she had to take over
manual control and orient ner spaceship. She switched on
manual control, read and re¢orded the initlal pressure in the
tanks, and started timing with the stopwateh., The position
of the earth in the porthole was such that it was advantageous

o begin orientation about the pitch axis. She quickly oriented

tiie ship in roll and yaw., She stopped the stopwatch, took
readings of the instruments and recorded them. Tereshkova
remarks that little time and "working medium" were expended and

that the ship was responsive and easily controllable, According

to ner, 2 pitch maneuver followed by r0ll and yaw is litterally
called "orientation in the manner of landing." She states

that in addition to carrying out this maneuver, she oriented
the ship "in the manner of an airplzne.” [36]

2, "Space Compass" (Orbit Navigation Devicﬁz.

Describing the command point at the cosmodrome, Mel'nikov
states, "a device in the panel of which a globe is mounted has
baen set L) in the room. The globe is an exact copy of that
on the instrument panel of the Vostok-5. An engineer-designer
explains that with this globe 1t is easy to determine the
location of the cosmonaut at any given moment. It is possible
to determine with this glove not only the-location of the ship,
but also its lenglitude, latitude, and the number of completed
orbits." Cosmonaut Nikolavey was present during the engineer's
explanation and commented: "It is an accurate device. L was
convinced myself when I flew. You look into the porthoie and
see the yellow shape of Africa...and this device shows the same
thing. In short, 1t is an excellent thing." [37]

In a discussion of the command point at the cosmodrome,
Ostroumov refers to a navigational device used in the Vostoks:
"In the communications rocm, & Copy, or rather the twin, of
the navigation device installed in the cabin of tne Vostok-5
stands in an elevated position. A small, finely-detalled
giobe is set into its upper left-nhand cocrner, On the spherical
glass [shell surrounding the gwove] there is a cirele with a
reticle. The glove is rotated at exactiy the same angular
veloelty as the earth, and the oceans, continents, and islands
drift beneatnh a point in the reticle., Now it is over ihe
eastern part of the Indian Ucean; this means that the ship.lis
there.” Further description and a demonstration of the device
by its designer indicate that there is another, smaller clrcle
within the larger one; it is used during reentry and lanaing
of the ship. To change the globe's setting from "orbit" to
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5 thrown, causing the glove to skip to

a new position. Here, a reticle on the small circle Andicates
the point at which the ship would land had the cosmonaut

begun deceleration at that moment., Thus, the small circle
helps the cosmonaut to choose the landing arsa, [38]

i u
landing ', a2 switch

lo

Peskov gives some additicnal information regarding the

navigation device menticned by Mel'nikov and Ostroumov. It
is ",..a silver box, two times smaller than an ordinary
television set.... A small opening, like the speedometer of
tne 'Hoskvich' automobile, shows the numbér of orbital passes,"

ne designer of this devizce told Peskov, "Cosmonautics will
develop further; there will be new carrier rockets and new
spaceships. But thls device, in all probability, will remain
on board. It will never, it seems to me, become obsolete, any
more than the compass became obsoiete for travelers." [39]

In reference 40, the space compass is described as follows:
tPo determine the location of spaceships, in the cosmonaut's
compartment there are three portholes, and on the instrument
panel there is a small globe. This globe rotates continuously

. a% & speed corresponding to the angular velocity of the earthis

rotation and to the.ship's motion in an orbital plane reiative
to the center of the earth.

"To get a graphic idea of how the cosmonaut determines
the location of the ship in relation to the surface of our
planet, let us put on the globe a circle inclined at an
angie of 65° to the equator {approximately the same inclination
angle as the Vostok-5 and Vostok-6). Let us attach the circle
to the glooe support and rotate the globe at & speed corresponding
tc the speed of rctation of the earth around its hypothetical
axis. Along the orbit circle, ab a2 continucus ané definite
angular velocity corresponding to the orbital velocliy of e
ship, let us set in motion a special indicator model of the
ship. Observing the movement of the model on the gliobe, the
cosmenaut determines the avea of the earth over which he 1s
flying." [40]

Ostroumcvis article [38], appearing originally in Izuestiya
was reprinted in a special vooklet published by Jzvestiya LU41]
that contains additional information on the space compass.
Relating a conversation at the command point bet.-een reporters
and the desigrner of the space compass, the author states, "We
leammed that the device, which in itself is a type of computer,
requires a power of only 0.3 watts. 1In other words, it can
operate on a flashlight battery.... This prime devige in space
navigaticn is the forerunner of all those which will appear in
the futare. {411
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In reference 42, Ostroumov stat. , "the descent of the
Vostok-0 has begun. I plcture how Tereshkova in her ship
haé switched her 'globe!, how the tiny terrestrial globe had
skipped over in the device, and how she watches the small
circle desifnating the place [where she will] meet her .
friends.” [42] ‘

3. Retroengine Unit.

Discussing the use of engines for aerospace vehicles, in
a 1959 article [43] N. Konovalov states, "Ramjets may be used
in high-altitude, high-speed pilotless vehicles. In particular,
they may be used for the interception of ballistic missiles.
They may also be used for boosting space vehicles and for
controlling their filght during recovery. RamJets operating
on nuclear fuel and ramjets using the energy of atomic oxygen
found at high altitudes are now being developed.” No indications
were found showing that ramjets are used in the retroengine
system of Vostok-type spaceships. L. Sedov, discussing the
Vostolkk reentry, states, "Rocket engines were used for supple-
mentary deceleration of the ship-satellite Vostok." [44

Describing the reentry of Vostok-type spaceships{ official
reports and many Soviet writers use the general temm 'retro
power unit,” which does not indicate the number of retrcengines
for each spaceship. Most writers use the singular, and some
the plural, of the Russian word for retroengine.

Figure 6 shows & typiezl reentry sequency for Vostok-type
ships, &s given by Soviet sources. Since the retro power unit
is located in the rear of the spaceship, the spaceship is turned
180 degrees before the power unit is fired. Figure 6 and a
diagram given in a TASS report [45] show the retro power unit
with one jet; however, ancther TASS report [11] shows two jets.
It is interesting toc point out that East German author H. Hoffmea,
whose book is based on Soviet sources, including one of the
above TASS reports [11], gives a reentry dlagram which differs
from that showm in Pigure 6 and other Soviet sources. According
to Hoffman {Figs. 4 and 7), the retrc power unit is located
in the forebody of tfhe spaceship, which need not be turned
180 degrees before the firing of the power unit. '

The plumal of the Russian word for retroengine is given

in several scurces, including an article by military reporters
S. Kovalev and others: "A: a predetermined time, the solar
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rientation system accomplished its operation cyele., After
some time, the retroengines [of the Vostok-1] cut in." [46]
The singular of the work for retroengine is used by Titov in
a TASS report, where he refers to the Glenn effect as the
problem of "fireflies" or the "phenomenon of small luminous
dots floating past the porthole of the spaceship.: Titov
says, "I also saw these luminous dots during the flight, and
explained their origin thus: During scavenging (cleaning the
engine), burnt gases and liquids under conditions.of weight-
lessness turn into drops, scatter, and luminesce in the sun's
Yays. ring Glenn's flight, this could also have been drops
of moisture thrown off by the so-called evaporator -- the
device which controls humidity and temperature in the cabin.
Glenn, it is true, does not quite agree with my point of view,
I think that this debate i1s immaterial. However, let'!s fly
some more, and we shall see." [47]

During ni¥s historic flight, cosmonaut V., Bykovskiy made
the following notations in his log. He stated tiat the g-forces
and the iwperceptible ignition of the last stage. During
their flights, Titov, Nikolayev, and Popovich observed small
white particles following their ships. Eykovskily wrote the
following concerning this ohenomenon: "...when the ship leaves
the night side and the light comes from my left, I can see
luminous dots out the rignt porthole moving at a distance of
20 to 30 em and up to 2 meters from the ship. Their movement
appears as if they are leaving the ship or the ship ls passing
by them. I have observed this phenocmenon each time I leave
the night side..." V, Tereshkova wrote the following concerning
this phenomenon: “Out of the right porthole at sunrise, I
observed a mass of small particles, [It is] as if I am passing
through a meteor layer.” Bykovskily, who floated about his
cabin for one entire orbit, noted that there was plenty of
room and if [suit] ventilation were provided during free
floating, it would be possible to remzin in the floating state
for any amount of time. He further noted that cduring free
floating, the angle of vision outside the porthole is greatly
increased, but it is very difficult to determine relative
distances. Vhen the lights are out, orientation is difficult;
there is neither a floor nor a ceiling. [19] :

Some indications of the weight and power of the retroengine
unit for Vostok-type spaceships are given by 1. A, Merkuilov
when he discusses the transfer o a spaceship from an eaxth
orbit to a descent trajector: "For example, to change the
speed of a spaceship by 100 m/sec, it is necessary to have &
power unit which comprises from 3 to 6% of the ship's weight
lcabin, payload, cosmonauts].




"o change the speed by 2 km/éec, it 1is necessary to have
a fuel Squlj equal to 40 to &0% of the ship's weight. The
weight of the entire unit for maneuveradbility comprises 50 to
80% of the ship's weight....

"To transfer a spaceship from an earth orbit to a descent

trajectory requires a very small change in its speed. For
*ﬂutanc e, Tor orbiting ships flying at altitudes attained by

the Vostok=-3 and Vostok=-4, it is suificient to decrease the
speed by 40 m/éec for them to descené below 100 km and, having
entered the dense layers of the atmesphere, to decelerate
quickly and land on the earth!s surface. Such a change in speed
requires a very small power unit, comprising only 1 to 2% of
the ship's weight." [14)

Several sources contaln statements to the effect that
brief, intermittent cperation of the retroengine is more
advantageous*than prolonged, continuous cperation. Merkulov
gives the zollowinv ooiﬂion relative to engine operation for
meneuvering: mhe weight of the power unit is not dependent
upon whether the speed »f the spaceship is changed by a given
value immediaftely thro.gsn proloaged, continuous engine operation,
or by brief, intermittent operation with each ignition glving
2 relatively small increase in speed. The weight of the power
unit i1s dependent upon the total increase in speed, T rdless
of the number of firings and duration of operation.' [14]

It is interesting to note that in describing the Soviet
reentry system, awious authors use the words retroeﬂglne
wit," "retre power unit," "reiroengines,” or “"regroengine.”
However, K. Cil'z:n, in descr*o¢nb the Ambr;can reentry system,
uses the word “retrorocket." He states, "Fuel is also nec-
essary for retrorockeu operauloﬁ, i.e., rockets for decelerating
the ship and for transferring it to a descent rajectory.-

[30] “This difference in terminology probably reflects the
difference between the retro power units used for Vostok=-type
spacecraft and those on Mercury venhicles.

L4, Deceleration by Retro Power Unit and Free Descent of a
Spacesahip Along the Reentry Trajectory.

Relative to the deceleration of space vehicles, I. A.
Merulov states the following: "Research has shown that for
circumserrestrial flight, the best altitudes are from 160
to 400 km....
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"At an altitude of 100 km, a 10-ton craft travelling at :
orhbital velocity will rnot complete cven one orbit, since the
snip's speed decreases by 51 m/sec during one orbit.... At
200 km,...the ship's spead will decrease by only 0.05 m/sec,
and the altitude will decrease by 0.2 km in one orbit.... If
zs an altitude of 180 km a rocket inserts a ship into orbit ;
with a speed only 0.5% lass than orbital velocity, the ship ;
will not complete the orbit, but will enter the dense layers .
of the atmosphere and terminate its flight.... To.lift a
ship travelling at 7791 m/sec from a circular orbit at 200 km
©o an altitude of ?00 Xm requires increasing the flight speed
by 29 m/sec.” [14

From a TASS report on the Vostok-l flight it is evident
that the ship moves at & constiant speed a2long the descent
trajectory from the retroengine cutoflf point to the dense
layers of the atmosphere: Av & predetermined point in the
orblt, the retroengine unit 1s fired; this provides a decrease
in the ship's speed £o the requireé calculated value, As a
result, the ship transfers to a descent trajectory. The cabin
containing the cosmonaut decelerates in the atmosphere." [11]

In a description of the Vostok-3 and Vostok-4 flights, )
?. Vasiltyev mzkes the following statements: Prior to decele-
ration, the spaceship was travelling in its orbit at a speed
of 30)000 km&ro ce e " ’

“Phe retroengine reducas the speed a little....

“The spaceship approaches the dense layers of the atmos-
phere at a speed of avbout 28,000 ¥m/nr." [48])

In an article written in connection with the Vostok-3
and Vostok-U4 flights, N. Ushakov states: "The retroengines
are cut off. The spaceship leaves fthe circular orbit and
starts to descent. At a speed of approximately Mach 2?, it

N . ]
penetrates into atmosphere of ever-increasing density. [49]

From a source publisned in East Germany (2], 1t follows
that the maximum orbital velocity of the Vostok-l and Vostok-2
spaceships was about 28,800 im/hr. The same orbital velocity
for Vostok-1l is also menticned by &. Iltyushin when he discusses
the reentry of this vehicie. According to nim, “the Vostok-l
flew at an orbital velocity of almost 8 km/sec. If a satellite
is suddenly stopped, it will falil to eartn vertically....
Another method might be used: the retro power unit decreases
the speed, for inshance, to 6 or 7 km/sec. Then the cosmonaut
descends along a trajectory close to parabeclic. This apparently
was the case with the Soviet cosmonaut.” [50] It should be
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wtioned that Ilfyushin is the only author quoted in this
report who thinks that the Vosteoiki~-l descended along a parabolic
trajectory and that the vehlecle'!s crbital velocity was decreased
»y @ value of 1 to 2 km/sec. According to several other sources,
tnhe Vostok-Ll descended along an elliptic trajectory, and its
orpital veloclty was decreased by a small value. In describing
nis flight, Gagarin states, "The retroengine unit worked
perfectly. The Vostok gradually began to_ lose speed and went
from its orbit into a transfer ellips.: [51] From reference
(2], it follows that deceleration during the operation of the
retroengine unlt was relatively small and Gagarin tolerated

it easily.

me
re

As is shown above {Section B, 1.), all the Soviet Vostok-
type spaceships were launched according to the same program.
Therefore, the folleowing informatior concerning the fourth
ship-satellite flight might also be related to the Soviet
manned flights. Describing the flight of the fourth ship-sat-
ellite carrying the dog Chernushka, A, Shternfeltd states
that the deceleration of the snip by the atmosphere begins at
an altitude of 90 km and that the retroengine decreaces the

rbital velocity by a value of less than 50 m/sec. - Shternfel'd
states: "Caleulation shows that the ship-satellite travelled
at a speed of 7831 m/sec in perigee. As the ship moved away
Irom the earcth, its speed decreased in apogee to T753 m/sec....
We assume that deceleration by the atmosphere begins at an.
altitude of 90 wm, Calculations show an interesting fact: If
for descent from perigee a ship-~sateilite should have a velocity
of 7783 m/sec relative to the earth's surface, then, for descent
from apogee, TT720 m/sec is sufficient. Therefore, in order %o
initiate cescent from the fartherst point in the orbit, the
velocity must be decreased by 27 m/sec, while from perigee, it
must be decreased by U8 m/sec. Hence it 1s apparent that the
savings in velocity, and corsequently fuel, would consist of
a little more than 40 percent.

"Wle wish to note that this in no way means that the
cormmand for the descent of the fourth ship-satellite was given
precisely at the moment of its passage through the apogee.
retually, fuel economy is far from alwyas belng the deciding
factor.... Nonetheless, the described method of descent from
apogee nas theoretical interest. Tror highly elongated orbits
where the altitude in apogee exceeds that in perigee by several
times, the use of this type of descent permits a great saving
in fuel, and, as & coasequence, rockets with less power can be
used to launch artificial satellites. For instance, for an
artificial satellite completing a flight around the moon and
the carth (with a lower perigee), descent from apogee would
yield a tenfold saving in fuel.! [52]
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"rom the mément that the -cu;uc:u'.:.uco were fired PTilT O

ianding, the ship travelled about “8000 km. Flight time for :
tne descent phase was about 30 minutes.... AL-10:15, the i
commands came {rom the computer t£¢o ready the onvoard apparatus ’
for firing the retroengine.... At 106:20, the retroengine was toy

fired and the ship went from the orbit of an earth satellite ;
uO a descent trajectory. At 10:35, the ship began to enter ’
the dense layers of the atmosphere." [11] Another TASS report
rives the following figures for the Vostok-3 and Vostok-i4: :
4 9:24 Moscow time on 15 August 1962, the retroengine unit :

as switched on aboard the Vostok-3; six minutes later [it was
switched on] aboard the Vostok-4, after which, both ships [s1c]
“.2=nn their descent.” (53]

Discussing the Vostcok-1 flignt, a TASS report states: z

Analysis of reference 13 shows that the instrument section
. - 1@ spaceship separates from the cabin section somewhere
.1g the reentry trajectory at the end of the high-temperature
and overload zone.

Discussing the Gagarin flight, O. Kudenko states, "Yuriy
knows that located behind his back are complex instrumentation
systems. They control the operation of all the ship'!s mechanisms,
The final commands are transmitted from earth. Now, the
instrument section must be Jjettisoned. For a moment, he ;Gagarin]
feels sorry for these ‘'intelligent! instruments. Afterwards,
on the duralumin rings of the portholes, through the protective
shutters, he sees the blood-red reflection of the red-hot
coating of the ship's body.... The temperature on the ship's
surface is many thousands of degrees.

"The ship shakes as it penetrates into the sensibdle i
atmosphere. The overloads increase, and the daceleration units i,
roar. The pilotis voice sounds gay and calm as before: ‘The- ;
cabin temperature is 20 degrees. I can feel the overloads.
fggfything goes well. The instrument section has been . >ttisoned!. ",
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szomIoN D, DESCENT OF A SPACESHIP THAROUGH THE SENSIELE ATMOSPHERE

. +

1. High Temperature and Overload Phase.

The recovery phase of a space mission is considered by
coviet authors as more difficult than the launching: "Accord-
inz to reports by Gagarin and Titov, the moment of reentry,
wnen the spaceship enters the dense layers of the atmosphere
¢ rapicly approaches the earth, is no less difficult than

launching.” [54] In an article by N, Kamanin, G. Titov,
cthers, the authors state: "The most difficult and impor-
stage of a space flight is the recovery. One need not
speak of what a test of will and self-control it is for
ship to enter the dense layers of the atmosphere. When hiot
ncues of fire burst astern and the terrivle welght of over-
ds descends .upon his shoulders, not only physical stamina
required of a cosmonaut, bur also moral." [55] The high
mperature and overload phase mentioned in reference 55 1s
so discussed in general terms by A, Yurock. Describing the
garin flight, Yurok states: "During descent, the cosmonaut
azain places his hand on the red lever. Negative g-forces
Gescend heavily upen his body. However, the cosmonaut 1s
capable of taking over from the zutomatic controls at any mom-
ent. Everything goss well and the automatic system has released
tne riboon parachute; the g-7orce have increased sharply. Now
the main canopy has opened; the dense layers ¢of The atmosphere
nave been entered. It is hard on tne pilot. The g-iorces
decreas slowly. The pilot is beyond even thinking of looking
out of the porthole." [70]
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The overloads during reentry are conslderavly greatver than
during launching. For Gagarints flight,"..."the acceleration
overloads reached & to 8!g!s, while the maximum value for decel-
eration overloads was about 10 gis.... This maxinum overload
éppeared at an altitude of about 50 km... The vehicle entered
the sensible atmosphere at a speed of 8 km/sec.... The period
of high overloads Ior the Vostoi-1l lasted about 15 minutes." [2]
4 TASS report states: "At 10:35 the ship began te enter the
dense layers of the atmosphere.... At 10:55, the Vostok-l landed
in the predetermined area.” [11] Thus %the time between the
Vostok-1 entry intc the sensible atmosphere and its landing was
20 minutes, Tnis period of time is mentioned also for another
vehicle, a satellite container using a meval parachute: “The
convainer will flcat down from the satellite to Earth in 20
ninutes." [56] Professor G, I. Pokrovskiy, in a2 general dis-
cussicn of the high-speed motion of a body, states: "“Usually,
movement at high speed through the atmosphere is not continuous.
Por example, if even a comparatively slight deceleration occurs,
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:n which the decelerating force is equal tc the welight «f the
tody, then Ifor a reductlon in speed from orbital velocity to
zcro, 800 seconds (about 13 minutes) are required.” [57] .

In discussing high-altltude aercdynamic drag, two refer:
! cnces state the following: "At altitudes above 200 km, the
) ncating of a flying body due to drag is very smell and can be
compared with the heatlng produced by the radiant energy of
<xe sun and the earth." [58] "Noticeable deceleratior of a
=11lite begins at an aititude of 200 km." [55] From an article
Shternfel'd, 1t foilows that during the reentry of a space~
sign%fiﬁant aerodynamic deceleration begins at an altitude
km, (21 '
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2. Characteristics of a Shceck~Wave Front.

This section contains material showing conditions surround-

- inr the reentry of space vehicles and principles relating to the

: calculation of shock-wave fronts. The material given dbelow con-
‘ cists entirely of statements translated from Russian, arranged
oy subject matter and listed under author and reference number:

Pokrovskiy, G. I., Professor, 57:

"There are two types of interaction of bodies with a medium:
interaction of Individual molecules and interaction with a con- .
tinuous medium. As a conditional boundary between the types of '
inveraction, we can use that density of the medium present when
the length of the free path of a molecule is equal to the diameter :
of the moving body. For a body with a diameter of one meter,
this boundary in the atmosphere can be found at about 116 kn.
ror a body having a diameter of 10 meters, this altitude increas.s
0 133 m..., The length of the fre¢ path at an altitude of 50 km
is equal to 0,01 cw; at 100 km, it is 10 ecm, and at an altitude
of 150 km, it reaches 100 nmeters,

Merkulov, I. A., Engineer, 14:

(]

"If a body flies at subsonic speed, air particles a short
Gistance ehead ol the body recelve a signal in the form of a
sound wave, The particles give way and flow arcund the sides
of the body.... However, a completely different plcture i1s pre-
sented when a rocket or other body moves in the atmosphere at
speeds exceeding the speed of sound, In this case, the vibra-
ticns of vhe air particles, occcurring as a result of the body's
movion, literally speaking, are unable to tinform! the air
particles anead of the approach of the body. Witi.out receiving
the wave *'signalt', the air particles are not able to give way.
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e-an follows an Impact of the body with stationary air. A

maslwad =

recion of highly compressed gas forms in front of the body."

Petukhov, B. S., Doctor of Technical Sciences, 60:

“Zhermal dissociation of nolecules takes place in the flow
{or boundary layer) at a temperature above 250C°K, and the atams
receombine in the ¢o0ld parts of the boundary layer.... Ionized
sas is formed under very high temperature conditions — zbout
10,0C0°K.... If the speed of the bocy (or gas) is no higher
than about Mach O, the effecet on heoat transfer of the compressi-
»ility of the gas and the variation of ils physical narameters
vith temperature is taken into consideration together with drag
{in calculating the boundary layerl.... At speeds of about Mach
10 and higher, it is necessary to consider .ot only the compressi-
piiity and physical parameters of the gas, but also the effect
of dissociation and recombination and the catalytic action of

- 5+ N

Zhovinslkiy, N. Ye., Candidate of Technical Sciences, 61:

"In shock waves, air sbtagnation bears a2 shock character and
trz increase in temperature, characterized by a change in speed
or pressure as alr passes Througn the wave, is dependent on the
intensity of the wave. Thanks to the shapes of modern airerafst,
fie intensity of The wave is not gveat. Consequently, the heat- P
ing of air behind the wave does not, in practice, influence the
heatirg ol the alrcraflt. The greatest infiuence on the surface
?eatin§ aircraft 1s provided by flow stagnation in the boundary

ayer. ;

33

Mikoyan, A. I., Chief Designer, 52: -

. "Flight at speeds corresponding to Mach numbers of about

6 and 8, i.e., the beginning of the hypersonic range, in essence
dces not change the laws of supersonic aerodynamics, even though
it may require & change in the external form of aireraft. By
increasing the flight sreed to Maeh 10-15, we meet several nevw
piaenonena., For Jnstance, in air, chemical processes are initiated
whlch are relzated tc the dissociation of air,

"The disinbtegration of air molecules with the liberation
ol atomlie oxygen, and later nitrogen, leads to their interaction
with the result that nitric oxide begins to form and the chemical
composition of the air is changed. Further increase in hypersonic
veloelties will be connected with the occurrence of atom ionization
processes, since, when atoms collide, they lose eleatrons and
become charged particles....”.
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Pokrovokiy, G. 1., Professor, 527
"Gas rea ted t0 & high tewaera‘-ure and highly ionized is -
x:‘:*ed plasma. With movoment a2t a veloelity exceeding 3 to 4
/e, “r flowing around & nmoving body turns into air plasma,.
.:1 plasma, the baslc energy carriers are electrons,”

Zhovinslely, N. Ye., Candidate of Technical Seiences, 81:

“The layer in which 2 change occurs in the velocity of flow
faom zero to flight veloclity is Termed the boundary layer....
:‘.ze boundary layer is called laminar if the currents of air in
it move parallel o each other.... At High flight speeds, heat
transfer from a laminar layver tc the surface of an zireraft is
many times less than the heat transfer fron a turbulent layer,
when all- o‘shez- canditicns are egual." L

Miloyan, A. I., Chief Designer, 62:

By ma.ﬁ‘*aining a2 dynamic head of abcua 5000 kg/;ni’ it is
sossidle Yo attain flight speeds of 18,000 lkm/hr at an altitude
of 1;0 km; this is 15 times faster than the speea of sound at the
same altitude, Air density at an alstitude of 40 km, compared
with the density at 20 kn, 1s 20 time., less; the atmosphnere is
so raveiied that the length of the free path of molecule of air
inereases to perceptible d:n-ans,x.w ané is.about 0.02 mm, while
a% he same time on earth, the length does not exceed O, 06- ulerons. "

Zbavins‘ciil N. Ye., Gandida»e of ‘.i‘echnieal .?}s:e:.izamsr-:sl Bls

“Stagnaticn temperature ean be”caleulated approximately ’sy
the formuia )

W Y]
My

Tatag = T + 5(

m_ ) [kl

where ista.g is the stagnatlon temperaiure, 7 is the air tempera- -
ture in front of the shock wave, and V is the flight sg.eed The
Dirst Soviet satellite entered the atmospnere at a speed of

n/sec. The air stagnated by the artificlal satellite heated up

$0 32,000° G, since

o
| Totag — T = 32,000°C. " . §
Polcrovsicly, G, I., Professor, 51; |

"Behiné a shock wave, air density increases shar'cly,
the direction of motion of the alir stream changes significantly;
besides this, the air temperature increases greatly. For orbital
veloelty at an altitude of hundreds of ldlometers, the stagnation

£y
s
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semperature 1s equal to about 31060°K. At the escape velocity
ascessary for a moving body "to escape the limits of the earthis
geovivation, the stagnation temperature reaches 60,000°xK. These
stagnation temperatures, which characterize heated air-flowing
arouncé 2 body, occur only at a point near the forward portion
o the body and not thax out the entire air mass, For all
ctner portiens [of the body], the air temperature is lower,"

¥ikoyan, A. X., Chief Designer, 62: ;

"Initially, the stagnation temperature of air flowing
ahout an aireralt at high supersonic velocities inereases
zinost guadratically with an increase in the Mach number.
Therelore; at a flight speed of 2000 lan/hr, the stagnation tenm-
serature is approximately 100°C; at about 5000 km/hr, the stag-
:‘;a‘;ig:} gemperature will be 1000 to 1100°C and at 10,00C —/nr,

35007¢C. , .

Perel'man, R, G., Candidate of Technical Sciences, 63:

&

-

YAt an altitude of 11 km, the density of air is three times
lower than at the surface of the earth and the temperature is
avout —50°,..,. At a speed of Mach 1, the temperature of the
air 1s 4502, and at 2 speed exceeding 2000 km/hr, the temperature
iz +200°,.,. Vhen a speed of 4500 lm/hr is attained, the skin
of the nose section and leading edges of the wings are heated
fo a2 glowing red; a thérmometer located on the skin of the air-
craft reads 500°,... A&t Mach 5; the aircraft becomes:red hot,
the thermometer-reads above 600°,.,.%" .

“ihen a bullet, a supersonic airplane, or an artillery shell
sravels at a speed two ‘times greater than the speed of sound, the
&ir temperature in front [of the object] increases to 240°. When
the f1ight speed increases to three times the speed of sound, the

temperature rises to 500°., In front of a rocket travelling at 2
speed of 2.5 km/sec, the-air temperature reaches 2500°."

eer, 1l:

Pereliman, R. G., Candidate of Technical Sciences, 63:

“The transfer of energy from oncoming air to the surface of
a moving body occurs at temperatures up to 3000-4000° basically
as a result of molecular bombardment.... -

"1f the stagnation temperature exceeds 3000 to 4000°, which
corresponds to a vel .ity exceeding 4500 to 8000 m/sec, marked
ionizatlon of the air begins., In lonlzation many free electrons -
éppear. JIn a highly heated gas, electrons move one hundred times
faster than atoms and molecules,” 2
. - ;’:_f

Y
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Livov, V., Eugincer, 5 8:

" ’::cord.ing to caleulations, at Mach 10 the temperature of
ne air on the surface of a flying body is about 5000 to 5005‘3 "

Votyakov, V., and B, Shg_:rg:atskix, <25

"mhe thermal boundary layer near an airplane flying at an
zisisude of 30 lan at a speed of M= 2.7 will heat up to a tem-
serature of 290°, For a rocket having a speed of M = 10,7,
+nts temperature win reach 3150°, The bcunda.ry layer of an
*«‘-eﬂccnueigental ballistic rocket (M = 21.3) may heat up to
“.ﬁu&'SQ 70 »

Sushicov, Yu., Engineer, ﬁ

&5

ll

o

"An iy cushion! formed by c;m;zressed gas apgears between
:::e shock wave and the satelli’ce. temperature of the ccm-
pressed gas is 4000 to 8000°C."

-

Kudenko, 0., 13_'_

“The Yostck slowly enters the apper layers of the atmosphere.
It vibrates-as 1t overcomes the dense layer of air,  Its skin
reats up. Yurly looks at thée thermometer.. -On the ship's surface
the temperature reads 2000, then 3600, then 5000’3 The tempera-
ture rises rapidly.” ) . -

~ Mikoyan, 3. Las Chief Designer, 62:

"Supersonic aircraft of ordinary design with & wing lcad;.ng
of 300 kg/cm2 to 400 kg/em® at-an altitude of 20 km have a minimum
Ilying speed approximately equal to the speed of scunﬁ, at an
altitude of 40 km, this speed is five times greater.," -

Zhovinskiy, N. Ye., Candidate of :Te,em;ical Sciences, 61:

"In a flow about the surface of an aireraft, the heating
of the air in the boundary layer increases the temperature of
the surface itself. If the flow does not decelerate or, con-
versely, accelerates due to expansion, then its temperature
decreases, since in order to accelerate if{ is necessary to expend
2 certain amount of internal energy; i.e., thermal energy is
transformed into kinetic energy.

igaleulation indicates that if the temperature of air at

o b i em i wn B s e ¢ R i e e ph Av AR o Am ek

rest i1s equal to +15°C, then an increase in its velocity (obtain- - oz

able through a drop in pressure) leads to a decresaie in tempera-
ture to —45°C at a velocity corresponding to M = 1, For a flow
velocity corpesponding to M = 2, the air temper&ture decreases to
-121°c while at M 3, it drops %o -175’@.

-
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Livov, V., Engineer, 58: o

imneoretically, the surface temperature of a bcdg flying
with a velocity of Mach 10 will be about 5000 tc 6000°%....

Poxrovskiy, G, I., _Er:\fessor, 5T ]

“memperature characterizes the energy of the unordered
zction of molecules., Energy and temperature are proportional-
yc the square of the mean velocity of the motion. ‘Therefore,
if the velccity of the molecules of a body 1ncreases by four
times, then its temperature inereases by 16 times.

Sushkov, Yu., Engineer, 59:

"In the dense layers of the atmosphere a satellite flies
under conditions of hypersonic flight. Under these conditions,
.;cund waves cannot overtake the flying body, and thus compressed

gas appears between the shock wave and the satellites"”

Pokrovskiy, G. I., Professor, 57:

"Je shall assume that a rocket with 2 cross Sectional area
of 10 m and a foreboly in the form of a hermisphere moves at
orpital velocity near the earth, Under these conditions, aero-
dynamic caleculation shows the force of alr resistance ‘is 500,000
tons., Ten meters away from the roéket, pressure in the ballistic
wave reaches 22 atmosphere, which corresponds to a ldading of
220 ton/m2, Even at a distance of 10 kilomeéeters from the rocket,
the loading from the ballistic wave will equal 220 Xg/m2....
Dumng condénsation of water, energy 1s released.... -The forma-

ion of contralls can accompany the release of energy which is
:t;;e to three times greater than the energy of the engines,
Correspondingly, there l1s an increase in the energy given off
gy a haliistic wave, and the wave pressure Increases by-l.5 to
times,”

Perel'man, R. G. Candidate of Technical Seiences, 63:

At an altitude of 11 km and a speed of 3000 km/hr 160
horsepower for every square meter of surface area is reqx..ired
to compensate for air friction.”

Malyutin, K., Engineer, 3:

"The [Xinetic] energy of a 5-ton Vostok-type spaceship prior
to reentry into the atmosphere is colossal; it 1s equivalent to
the {kine»ics energy of 400 to 500 freight cars moving at a speed
of 70 km/hr. )

'
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2. Heating of Aerospace-Vehicle Surfaces.

+

Tnis section contalns material relating to heat flow in
The material given below has been trans-
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Zhevinskiy, N, Ye., Candidate of Technical Seiences, 61:

"The amount of heat which must be given off per square meter
of surface by an aireraft flying at 15,000 meters at a speed
csrreszscnd%ng to mach 4 is very high and is equivalent to 200

wilowatés.

Livov, V., Engineer, 58:

"Tme heat flow which heats the skin of an zireraft depends
on the altitude. At a speed of lMach 2.5 and at an alititude of
10 km, the heat flow 1s one third that at sea level; at an
azltitude of 18 km, it is one tenth that at sea level,”

Votyakov, V., and B. Shumyatskiy, 6i:

"The radiative ability of bodies depends on their temperature.
Therefore, if the skin temperature rises from 20° to 315°C, then
the heat flow from its surface to the atmosphére-increases 16
times. The boundary layer does not holcd this flow, since air
possesses the property of being !transparent' to heat rays.”

Zhovinskiy, N, Ye., Czndidate of Eech:xieaiiﬁcie‘m‘es , 61:

"The maximum temperature.of an insulated wall (surface) of
an aireraflt can be determined by the formula

T, = To(1 + 0.2 i) [*K],

where T, is the alr Cemperzture in the boundary layer near a :
heat-insulated wall in the absence of heat radiation, or the
wall temperature; T, is the temperature of the flow on the outer
iimdits of the boundary layer; M; is the local Mach number; and
r is the temperature recovery coefflicient.

"The temperasure recovery coefficient r is the ratio of
the actual air temperature increase near the heat-insulated wall
(in the absence of heat radiation) to the theoretically possibdle -
increase durdng stagnation, taken without consideration of heat
transfer or the internal friction of particles in the boundary
layer; thls ratio is expressed as follows:

Te — T

T = " -
. Tm’g -_ Ty

£y
.
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where Tge.9 18 the stagnation temperature of the air.
"Experimental and theoresical investigations have saswn
thet » = 0.9 fO“ a2 unranlenu boundary and r = 0 85 for
laminar layer; therefore, the maxirmum value for the pemaeﬂauure
of the inner sige of the skin of an aircrait for a turbulent
soundary layer is T, = (1 + 0.18 M%) [°X]; for 2 laminar
voundary layer, it is ;, = T (1 + 0.17 w?) [°X]. At altitudes
excedding 11 km the 9empe*agkre ol the snrrcunc_né air is egual
$0 —56°C and he flight spead is equal to the local Mach number.
Under these conditions, when M = 2, the air stagnation temperature
is approximately equal to +117°C. The maximum skin temperature
f an aircraff when the boundawyy layer is turbulent 1is avout
+10?°c while for a laminar boundary layer the skin temperature
is about +92°¢c." _
Poncmarey, A, N,, Lieutenant General, Techaical and
Lngineering Service,

223
"During flight a2t high altitudes and at speeds of about

2500 kn/hr, ghe aemgerature of the aircraftis surface reaches
200° C; at speeds of about 3000 km/hr, the surface temperature
is close to 360°c, ™ .

-

Mzlyutin, X,, Engineer, 3:

e

"At an altitude of 10 km, %the heat fluxes acting on the skin
of an aireéraft flying at Mach 2.5 are thiee times less than at
the surface of the earth, while at 18 m, they -are ten times less.,
&7 an altitude exceeding 200 km, the heating of the craft is so
small that it can be compared with radiant energy received from
the sun and the earth.

"Tne outer shell of a spaceship, particularly its pointed
forebody, is subjeeted Lo ges-kinetice heating during reentry into
the atmosphere. The shell ftemperature can exceed 1000°.:

*
-

Danilin, B., Candidate of Technical Sciences, £5:

At a speed of 1.5 km/%ec, the nose will become heated to a
temperature over 1000° c

-

Borisov, V., Ob:

“Upon entering the dense layers of the atimosphere, the ship-
satellite decelerates due To friction with The &ir; its energy
reserve is spect on heating the air and the heat-shielding layer
of the ship. On the assumption that only 0.01 of the kinetic
energy is expended on heating the ship-satellite, then the

o
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remaining 0.99 [is expendad] on heating the air; therefore, in
these cg*%umstances, the ship-satellite heats up to & temperaturse
of 10C0°%, ' ' ‘

-

4, Cosmonauts! Impressions of Reentry.

Discussing the motion of the Vostok-1 along tThe reeniry
trajectory, 0. Xudenko states: "Now, the instrument section
st be jettisoned,... Afterwards, on the duralumin rings of
the portholes, through the proteciive shutters, he [Gagarin]
sees the flame and the blood-red refelcetion of the red-hot )
coating of the [ship's] bpody. The skin temperzture of the ship

.g(;!?(:u(?d?"

is many thousands of degrees., Tne ship shudders as it passes o

through the dense layers of the atmospnere, The overloads increase, -
ané the brake installations roar. Houwever, the pilotis voice,

as before, sounds cheerful ahd calm: !Temperature -20°C. Ex-
veriencing overloads., Instruments section jettisoned,t" -

Gagarin stases: "The ship began to enter the dense layers
of the atmosphere;.its outer shell rapidly became red hot, and
through the shutters covering the porthole I saw an awe-inspiring
crimson glow from a flame billowing arcund the shin. The over-
loads increased; they were more noticeazble than during takeolf."
[51] After his landing, Gagarin recalled his flight and stabed:
¥...and befors onels eyes, there is the turbulent red reflection
of the burning coating.” {67] - :

. Soviet cosmonauts do not mention the overloads experiencsd
during the firing of the retroengines. Descridbing the recovery,
they mention the effects of overloads expericnced during the
reentry into the dense layers ol tThe atmosphere. Titov states:
The system for orienting the ship worked with exceptional
accuracy. Then the retroengine fired.... The Vostok-2 left

ts orbit and began Lo approach the dense layers of the atmosphere,
Weightlessness somehow ceased of itself.... The Vostok-2 entered
the dense layers of the atmosphere; ifs heat-protective shell
quickly became re¢ hot, causling a bright glow in the air flouwing
past the ship. I did not ¢lose the shutiters on the portholes;

I wanted to follow closely what was going on outside., The light
pink coloxr surrounding the ship intansified to blood red, purple,
and finally deep purple. I squinted &t the boiling fire, con-
sisting of tThe brightest of colors., The heatproof glass of the
portholes turned yellow, but I knew that there was no cause for
2larm; the ship!s heat shielding was reliable and had been checked
many times in flight,

"eightlessness had completely ceased. The reentry over-
loads pressed me against the seat with enormous force.... Soon,

x
.
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the overloads completely ceesed, and the gliot
the ship vanished, ALl the systems woried ¥,
went precisely to the predefermined landing area.” [28] In
another“arﬁiele Titov states: "Hot tongues of fire burs

ok

astern.” [55]

Describiang the movement of the Veostcol-2 through the dense
layers of the atmosphere, Titov and the authors of reference 68
state: "It seemed that the ship had flown into a voleanlc crater
and was passing not through the a2tmosphere but through the haxd
earth itself.... Yellowish-crimson droplets flew past the aston-
ished gaze of the cosmonaut.” [68]

5. Aerodynamic Hethods for Decelerating Space Vehicles in the
Sensible Atmosphere.

y in 2 discussion of transport rockets, G, Pckrovskiy statés:
The load may he landed by opening the metal tail unilt, firing
the retroengine, and [deploying]parachutes.” [69]

Vi va {nemsals 3 4 i p Qy P&. SCOGTES * i o

Fron Hoffman'!s book, it follows that during reentry of
Vostok-1 and Vostok-2, aerodynamic drake Iflaps, steel-stirip
parachutes, and conventional parachuces were used, Discussing
the most difficult reentry period, wnich lasted gbout 15 minutes,
the author states: “Aerddynamic brake flaps [zercdynamische
Bremsklappen], extended from the sides of the space venicle,
improved the atmospheric decelerztion.... The final phase in
the spaceship!s return to earth undamaged at a landing speed of
only 5 m/fsec.” {2] » S

7 Discussing the reentry ol a satelliite in 1958, M. V. -
Vasil'yev states: “When the operation of the retroengine is
complebed, a metal parachute opens above the container.™ [56]

In an article on the Gzgarin flight, A, Yurock discusses the
reentry in the following terms: "Everything goes well, and the -
automatic system has released tThe ribbon parachute; the g-Iorces
have increased sharply. HNow the main canopy has opened; the
Gense layers of the atmosphere have been entered,” [70]

A regulating “sikirt® is shown and mentioned in an arsicle by

V. Votyakov and B, Saumyatskiy, on the {1light of a ballistic
missile: “Acecording to the authors, the greater portion of the
path of a ballistic rocket passes through the upper layers of

the atmosphere. In order to regulate the speed of the rocket's
entry into the atmosphere, a regulating iskirdt! is sometimes

ttached toethe afterbody. 4As air density increases, the width
of the 'skintd changesf as & result of which the frontal drag

of the rocke% changes." [64] The regulating "skirt" shown in
reference 64 is similar to that in Fig. 11.

.
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A LESS Tepoprty on the Vositok«2 Tlight states: "At a given
point along the orblit, after ‘the retrosystem cuts off, the ship :
descenas Ifrom orbit onto a descent trajectory. Alter passing - :
tharough the zones of high tomperatures and g-forees,; the landing :
systven, assuring the shipis low=-speed touchdeown, cuts in notv far
from the surfzce of the earth,” [71]

The recovery system of the Vostok-3 and Vostok-4 are also
mentioned in a TASS report, wners the following is stated: VAT

z fairly low altitude, when the ships had already passed through

the region of high temperatures ané overloads, the cosmenauis
egressed Irom the ships In ejectlion seats and opened thelr para-
chutes. The ships, without the cosmonauts, continued to descend

and landed safely, thanks %o the automatiec system.” [53]

According $0 the cosmonauts, the Vostok-l1 vibrated during
reentry; and the Vosiok-2 spun., Gegarin scvates: “The Vostok
slowiy enters the upper layers of the atmosphere., IL vibrates
as it overdomes the dense layer of air.” [13] According 5o
Pitov, “Vhen I entered the dense atmosphere, the real impact of
overiocads hit mie, and in addition, [the ship] began to spin
[about its axis].® [G8] 4

Yu. Sushkov states that a parachute will be damaged by the
air flow at altitudes below 50-60 km, and at an a2ltitude of
80-90 1o, %he parschute cannot open by itsélf., He observes that :;
Soviet meteoroiogical rocket fiights showed that durding recovery :
of the contziners from an gititude of 80-90 km the parachute cid: ;
not. open by ltself initigliy; it only served fo direct the con-
tainer. [59] Another source writes that the parachute started
to open at an altitude of 60 Xm, [77] The use of a parachute
Tor the deceleration of a satelllite is not satisfactory, since
“sens of revolusions® are needed to reduce its speed o0 the
requireéd values, [591 o o - R

P
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SECTION Z. PROTECTION O ASROSPACE VEHICLES FRONM
1. Materials Used for Aerospace-Venicle Walis.

This section contains the characteristics of materials
used in the design of sikins for both aypersonic aircraflt
and space vehicles. Some sources also include information
on overheabting and the structure of heat-protective systems.

In answer %0 a question as $o what had to be Cone to .
laafcu a manned vehlcle into space, 2rofessor V. Donﬁaﬁ“avav
ates: "Much had to be done. First of ail, high-strength
erials capable of withstanding the extreme hé;vé”&ﬁﬂ?&S
eﬁcaupue“eé guring reentry througn the dense layers of the
atmosphere [had to be de veloped]. This was accomplished
throuzh negallurgy. {73] On this ¢ ne subject, B. Danilin
states: "Heat-resistant materials must he developad for
the shell of the space vehicle. Apparently, ceranics,
metal azideq, and new plastics will play a role in this
provlem.” [7%4]

In a discussion of heat conductivity and materiais,
A. N. Ponomarev states: "Low heat conductiviiy is the
main disadvantage of the new materials Jdiscussed belovw.
This leads $¢ overheating of indivicdual sections of the
st?ucyure and to a decrease in thelr strenglh, ant in
addition causes high thermal stresses. For instance, at
a2 speed of Mach 3, thermal stresses in the wing can reach
8 magnitude of 50==T70 kq/mm .

tpitanium 2lloys can aiths,and a temp ~obure of 45&‘3-
-this 1limit can be increased to 650°C. Stain.ess steel
wishstands a uéﬁ@é?&uﬁ?e of 553’3, and vorlk is now [1559]
beinz conducted Lo inerease this temperature to 650--750°C.

Molybdenum &lloys are the most heat resistant. Existing
wolybdenum alloys can withstand temperabtures up to 860°C
At aresent, a titanium-molybdenum alloy, fnLen sx dizes
guach less than other alloys, is the best. The temperature
1imit when molybdenun alloys are used c¢an be increased ©o
1520°C. A low expansion coefficient, which provides for
rininun thermal stresses in parts, is the main advantage
in molybdenum. AL present, molybdenunm s widely used in
rocket power plants. Ceramlc materials, which include
nure ceramic materials and cermets, have a very high
melting point but are very brittie. .
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: A vehicle of special Gesign made Irom heabt-resistant
: . = P == . o ma o a e ax  sles - o . et
: maberials can withstand the overneaving &us Yo high tenmgs
: ; a ﬁgneya mibed

: eratures caused by air drag. For nsz&nce, o
§ materizl made Irom stainless steel zaﬁiam, and cﬁ&
: mebals can be used for the desizn cf this vehicle." |

: R, G. Pereliman, - -discussing skin veng **atnr#s,

: states: “Deflect the heat from the s%in or leave the

H skin as it is and isclate it from the ‘*insides® of the

; aiperalt? Designers and englneers are ﬁerking on both .

- problems....The concepnt of & '‘sweating skin,! whlech coul

i be made from porous stainless steel, nas been preassea....

: Other methods which protect the skin ifself from ngga

. temperatures are alsc imawm. The skin is sheathel with &
maserisl which has low neat csnuhc?*v’t; ané nignh ueat

: rgslisvance =~ for ezaraly, glass vwool, asbestos, fibe

H Zlass, éte. At an altivude of 6 m and a speed cf iach i,

: the skin can heat to almost 700° in one minube. A 5-mm

: ulating layer of magﬁesium oxide increases the time to

: lD ‘“"tas, wnile with a Eiah ‘&je& of glass wool the
temne rature of the skin atiains 220°, and then only afte

& half hour.
"At altitudes of 100 to 150 km, an aircraft can fly
: wish. a speed of ahout 10,000 kg/k 'itncet overaeating for
at% least several hours. Terrestrial aviatlion ig limited to
speeds of about Mach 10 %5 20 and albitudes of 100 to 200 km.

This range of speed and altituée ‘4s the area of future ai -
craft aevelapmenﬁ. . , : -

" "7t has become necessary to redecu aaralumin, the
-principal aviabtion material. At Mach 2.8 {csrresnon&ina
temperature, about 256’} the strengbh of duralumin de-
creases twofold.... An inerease of 1 ¥g in the structural

- weight of & fast siﬁyle-seat aireraft results in an in-
eraase of 10°to 15 kg in the zairborme Ve;gaa. Therefore,
duraiumin is being replaced by tibanium and its alloys.

& noticeable Crop 1n the strengtn of titanium starts at
temperatures above 300° (& ?raxamately %ach 3), and of its

al;sys, a2t 400° (Mach 3.?}.

Disecussing the use of fiver glass in aircralt, A.
Snternfelld states: "On Tu~104¥ aireraft there are about
120,000 different parts made of plastic, rubber, and plexi-~
glass. Of particularly great value is fiber glass, which
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consists or glass fibers permeated with 2 synthetic resin
snich transforme [the whole] into a solid mas <. In
sorenztl, glass nlastic 1is comparable 4o stveel and is
avout shree times lighter. I% is not sublect vO rust and
does not require paintinz." {21}
In dascribing materials for aircrals bodies ta*um-
num, titaniunm al cgs, and stainless a;-sya), reference 51
mentions: "Stainless steel, to a cert ain uEﬁﬂee, czn pro-
vide surength in the 1 n“t of an aircreft at ground ievel -
T 2 speed ol about Hach &. Higher speels by special
bl

rockets require the use of ﬁC“ materials,... There are
some materials obtained by %the sintering of carbides or
oxicdes combined with metals a*c% are capable of working
at temperatures of about ¢0u3 c.* [61]

b

In a discussion of the launcaings of the first,

second, and third Soviet artificial satellites, reference 61
states: "Caleulations show 3hat in the entry of an ars
icial earth sateilite into the zimosphere 2% 2 speed o
4 ka/Sec, the heat flow acrogss the ?”sﬁya* sur@“ e of
satellite is 33.5 gga cm
ter uha"} the heat flow acro
rociket eﬁogﬁe. For compar
lowing data: after U:’QJ-O.-,:‘ H u

cal/em? , wood % ignites spontancously; whe: 56&9 flc@
censity is Q.%p cal/bﬁ‘ for 8 seconds, thick oak boaz

Te sponian slv. Heat Tlow across the frontal sn‘f:,g
satellite e;ace the a2bove values sy 2;,0@ to 30,008
;c cool 2 suue;lite naving such & flow is impossible.
0; & satelilite fronm 31 aing up is possible, iT
subl i:atlcﬁ, & porti the *aa; ecﬁs:ructeﬁ
2l ceramiec, such zs b633 oxide, is trans-
-0 the ;asecus state. ilium oxide Lecomes
us 2 temperabure of azbou
v;:i;m oXiGe absorys Q”G
niity can e maintained i
N, reépresen oing She ouster
fO {u@h i£4UO véae éab&:‘"S St
gther materizls with melt
can se usel Tor The ocuter
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the above-mentioned materials, the body of a recoverable
sabellite ¢an be made from various plasties which, wnen

neated to a temperature higher than their melting point,
form a liquid or liiquild-gas film which sharply decreases
the heat transfer to the body of the satellite.” [61]

In a repurt on the Eighth Mendeleyev fongress in
Moscow, V. A. Kopeykin states: "In April 1053, the:
Eighth Mendeleyev Congress on General and applled
Chenistry convened in Moscow. A report by P. S. Mamykin
and H, V. Zinoviyev gives the results of research on the
ceramic and refractory properties of the chromite-alumina
system.... The end products of a2 glven powder which has
been sintered at 1450° have the following properties at
1650°: agparent strength, 15.4%; strength in compression,
7:5 kg/eu® ; and deformation, at 1520° under a 2 kg/em? load.

Yo, Ya. Antonova and A. A. Appen reported or i new
tyoz of refractory glass-metal coating for steel walch pro-
tects against the oxidizing effect of air at high tanmpera=-
tures. As metal components L.ae authors used powdered
chiome and nickel, and as a binder, speclally developed
noaalkaline glass. A coating approximstely 0.1 mm thick
somposed of glass and chrome in a ratlio of .l:4 protected
the steel against oxidation at 850 to $00° for mure than
300 hours." [75] . ‘

In discussing vehicle confizuration, B. Danilin states:
"4 blunb-nosed vehicle will e heated to = lasser degree
than a pointed one. The shock wave, ia eifect, breals aws
from the vehicle, taking a part of She heat with 1t." [7%
V. Votyakov and B, Shumyatskly expand on this idea by sbating:
"4 pointed forebody reflects only 50% of the heat enerzy.
If the forebody is made to have a blunted shape, then the
powerful shock wave occurring in fiight will act as a brake
and will permit the rocket $o deflect into the afmosphere
more than 59% of the heat energy arising in the shock Wave...
Rouzh surfaces have nore radiative ahility than polished
surfaces. For example, rusfed steel radiates one and one

half times mc.e heat than polished steel." [64)

Englineer K. Malyubtin in deseribing cooling systenms
state: "A system of cooling by means of sweating is based
on the paysical law of the latent heat of vaporization.

The shell of the forebody of a ship is made with a double wall,
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like the jacket of an internal combustion engine. Coolant
is pumped into the Jacket space. The surface of the
rocket!s cone is porous.

"Phe coverings of spaceships consist of laminated
maberials, For the basic layer, an alloy is used which
provides the required structural strength. The succeeding
layers must withstand very hizh temperatures and must be
sufficlently strong so that the air does not ‘wash away!
or destroy the covering. Alloys and materials used for
this purpose have the lowest possible heat emission co-
erficients. Together with the basic layer, fiber glass,
nigh-temperature phenol resins, ceranic coatings, etc.
are used as coverings for spaceships.

"In another system, cooling occurs as a result of
urnoff or meiting of the surface layer. In this method,
the surface of the spaceship’s forebody is covered with
material of hizh heat-absorbing capabilities, for example,
beryllium. Such coverings or coatings are capzble of pre-
venting heat penstration to the cosmonaubtis cabin. In
this instance, the- walls of the spaceshiy may be made
double [double skin effect] and of some heat-resistant
material.” [3]

Relative to heat-protective shell coverings, Yu.
Sushkov states: "The shell of a recoverable satellite
car be coated with nighe-nmelfing materizis with low heat
conductivity. In ¥his case, the neat should be elinml-
nabted from the satellite by some means. Plastics can
be used for protecting the satellite against hoat; the
surface of a satellite covered with 2 O-mm layer of
beryllium oxide is heated to a Lemperature of 500--500°C
after one minute in ifs fall through The alr. If .he
surface 15 covered with an additional 2.5-mm ocutside
layer of glastic, this cemperature willi be decreased by
about 100°C." [59]

Pollowing a statement that about 13 ninubes zre re-
culired for recduction in sgpeesd from orbitfal velocity to
zero, 3. I. DPoixrovskiy continues, "During this time,
bodies entering the atmosphere, for example, meteorites
or spaceships returning to earth, heat up to a compara-
tively smalli depth. In a moving body neated by air,
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the heat is transferred from the surface to the interior
of the body. Alse, a sipgnificant amount of energy is
radiated outwards. Lesides this, at high temperatures

the suriace layer ol a heated body melts and partially
vaporizes. Drops of melted material and vapor, containing
a great amount of thermal enerpy, are crawm oif by the
force of the air flow, carrying this enerzy with it
without giving it a chance to penetrate the medium.™ [57]

Reference & contains a graph showing the change in 2ir-
craft skin temperature for flights at & and 36 im at a speed
corresponding to Mach 4, without coolinz, and stabes:

"If the stagnation tempsrature of She boundary layer is
750°C at an albituce of 6 4m, the surfzce Lemperature
reaches 670°C, A% an altitude of 36 imm, the surface
temperature is considerably lower -- approximebely 300°C....
From the graph, 1% can also be seen that an uninsulated
surface in flight at a &-ka level heats up Lo 2 tempera-
ture of 670°C very rapidly {in zbous i min). If a

.4-txa covering ol magnesium oxide is used as heat insula-
tion, the temperature reaches 670°C alfter 10 minubes of
flight. 1IT <«lass-base btexbolite 25.%4 ma thiek is used
for insula~’on, heating of the surface to a tamperature
of 300°C takes 30 minutes....For fiiznt at an 2ititude
of 36 lan, an uninsulated surface heats $o-300°C in abous
20 minutes.” [61] - ‘

Discussing the flight of the Tifth ship-sabellive,
Yu. Sushkov states that in the guestion of combabiing the
overheating of the reentry vehicle two main problems are
of note. The first is to provide strenzth %o the ship's
body to proteet it from melbing and the seoond, o de-
crease the amount of healt penetrating inbto the cadvin,
thus preventing high Temperature increases in the cabin.
The means of solving these tasks are clossly reiated.
For instance, overheabing of the ship's suxrfzece can be
prevented 1’ it is covered with a layver of high-melting
iow-conductive matsrial. 3But since the heat should b
absorbed, a thick front wall wade of metal with & high
neat cepaclty can be used on the ship as an absorber of.
heat flowing from the air cushion to the cabin.

From reference 58 1t is apparent that the aluminum
nose cone of a rocket starts to melt at a velocity of
¥ach 5. At Mach 6, particles of molten metal break away -
from even a steel ncse cone. :
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Ziscussing alloys used on hypersonie aireraflt,
V. Votyakov and B, Shumyatskly state: "Aireraft fairings
aade of aluminum-based alloys lose a significant portion
of* their strength at 200°C. Titanium-based alloys keep
their strength up to temperatures of 400°C. The fairings
of hypersonic aireraft must be made of heat-resistant
steels and nickel-based alloys. These mateprials resist
overheating up to temperatures ranging from 800 to 1100°C.

"Heat insulating coverings or coatings must possess
high heat capacity, i.e., the ability to absorb heat, and .
at the same time have low hezt conductivity. It is impor-
tant that they be 1light, plastic, that they hold {irmly
to the skin [of the vehicla], that they not break up under
aerodymamic forces, and fthat they not burn up.... 4
gradually melting or veporizing covering will absorb a
large amount of heat, thereby preventing the aireraft from
burning up.” [€4] :

Zhovinsky, in describing the cooling of aircraft,
rmentions a graph which according to him "shows the change
in inward heat flow for zan aircraft whose wall femperature
is maintained at 37°C through ¢ooling. Flight speed cor-
responds to Mazch 4 at various altitudes. Insulation has
very little effect atl high aititudes. For flignt at low
altitudes, an. insulation laver on the surface greztly nelps
to reduce hezt flow. AL an zltistude of 20 kn, magnesiunm
oxide insulation about 6.5 mm thick reduces the inward
flow of heat in an alrplane by two times. Glass-base
textolife insulation 25 mm thick reduces the amount of heat
transferred Trom the boundary layer inwards to the air-
eraft by 20 times. AL lower altitudes, the difference ob-
tained 1s even more significant. At aititudes of 50 to 60 km,
the difference in heat flow with or without insulation is
very smali." [61].

The {c¢llowing statement appears in a description of the
Space Pavilion at the Exhiibit of the Achievements of the
National Eccnomy of the USSR: "Streamlined rockets in
glistening whiteness stand rigidly zat the entrance like
sentries. In the [exhivit] hall lies their sister..with
blackened, scorched metal protective shielding torn to
shreds, and a thick fringe of parachute fabric." {[76]

Destcoibing the testing of a small rocket, reference 61
states: "Phe rocket was covered with glass fiber, which
serves as a good heat-insuiating material." [61]
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in a description of cosmonaut training, Ye. Petrov
mentions that the Vostok -spaceship is constructed of metal
and that during flight its skin temperaturs reaches 1000°C:
"The spaceship was in a raised position, slightly above
the floor, and its new metal glistened. Each involuntarily .
wonderad: 'Will this alloy hold up when it is subjected
to a thousand-degrec temperature at the moment of raentry
into the atmosphere?'" [77]. _

Describing the Gagarin flight, references 53, 2, and 22
§ive the following data relative to the reent -y of Vostok-l:
The cabin has a special, external, heas-resnistant insulatiob....
The portholes are equipped with heat-resistant glass and are
protected by shutters which can be opened and closed elec=
trically or manually." {53] "The material used for the
portholes was probably rock-crystal, with a melting point
amounting to zbout 1500°C. Thus, it is among the most
heat resistant of all materials.” [2] "The ship is girded
at the Joint between the cabin and the instrument section by
a green belt, a coating with given optical properties vwhich
helps maintain the necessary temperature aboard the ship
during its fiight in space.” [22]

In a discussion of the Vostok-l flight, A. Ilt'yushin
states: "Hypersonic gas flows act on & spateship as it
enfers the atmosphere. High heating, overloading, and vi--
bration of the rocket's skin can lead to ifts destruction....
During the rapid flight of a spaceship, strong shock waves
oceur. As a result, a dangerous high-temperature boundary
-layer 1s formed near the skin of the rocket. The develop-
ment of speclal heab-resistant facing and an external shape
for the spaceship vhich would provide the least &rag in 2
medium and decrease the temderature of the boundary layer
is one of the principal problems facing scientists and de-
signers. Also, 1t willl be their job to work out many other
problems related to the gasdynamiecs of supersonic velocities."[50]

V. Borisov, describing the Vostok-2's heat shielding,
mentions: "The surface of the Vostok-2 was covered with a
special layer of heat shielding, which prevented the cosmo-
naut'!s cabin from burning during the high heating ex-
perienced during reentry into the dense layers of the
atmosphers.” [66]

P. Vasil'iyev, in his description of the Vostok-3 and
Vostok-4# flights, speaks of reentry as being the most diffi-
cult staze of the fiight. Discussing the overloads ex-
perienced during reentry, he states: "Proper selection of
the shape of the forebody of the ship-satellite is of great
importance. "Coatings of refractory metals are used 5o

~
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prevent burning up of the ship-satellite's bedy." [48]
2. Protection of Space Vehicles by Ablation and Sublimation

. Ablation and sublimation are considered by Soviet special-
ists as the principal means of protecting aerospace vehicles
from overheating. This section contains the principles and
a general deseription of the ablation process. Some of the
material has been taken f{rom sources whose subject matter
relates directly to the Vostoks3 and Vostok-i lights.

From an arfticle by I. A. Merkulov on the Vostok-3 and
Vostok-4 flights, it followz that if s ship enters the
dense layers of the abmosphers at 2 speed approaching
orvital velocity, it is subjected Lo zreat heating and
has to be equipped with reliabie shielding so as not to
burn up in the same manner as a mejeorite. [1%]

In an article written in connection with the Vostok-3
and Vostok-~-4 flights, N. Ushalov states: "A shock wave :
forms in front «f a flying body.... & ‘cushion! of con-
pressed air, wnose temperabure attains several thousand
degrees, originates between the shock wave and the fore-
body of the descending ship. Hezt from this superheated
air partialily dissipates in the surrounding space and
partially transfers 0 the spaceship, thus hesting it....

“Smooth deceleration of z descending spaceship is

one aspect of the reeniry problem Irom space o earth.
Another aspect, and probably the more complex, is the task
of cooling the spaceshiPeeces

Mo problems must be sclved to prevent the overneabing
of & Gescending ship-sateilite. The {irst is To assure
the durabpility of the ship's hulli, not to let it melst.
The second is to lower H0 acceptable limits the amount of
heat penetraiing Co the interior of Phe ship. The weans

£ solving these problems overlap. For instance, over-

neating of the ship's hull can be prevented by covering it
with 2 layer of reifractory mazberial or mabterial with low heat
gonductivity. ¥With this, the transfer of heabt 50 the ¢abin
will be decrcased.... A c¢abin with a thick front wall made
of 2 material with a high capacity could serve as & heat ab-
sorber betwesn the superheated 'air cushvlos! ané the cabin.
However, because of the weight factor, this 1s not fhe best
neshod.... Substances exilst which under heat are transformed
directly from the solld state into the gaseous state. A
thick layer of such a svbstance on the frontal surface of 2

B
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spaceship can provide a sufliciently thick gaseous layer
and effectively protect the ship from overheating." [49]

* The following maferial was taken from a book by
Professor G. I. Pokrovskiy published in 1962; it contains . '
some cata on ablation and the indication that it is possible
£o reproduce the effect of medlia on a body moving at a
velocity approaching .0 lm/sec. Pokrovskiy states: "Elec-
trons, the basic transmitters of energy in hypersonic motion,
are nown Yo be negatively charged. In transmitting energy,
e¢lectrons also transmit electrical charges. As a pesult of
movement at a high veloeity, a body is charged to a2 hizh po=-
vential by negative electrical charges. However, another
process counteracts this process -- electron emission by a
highly heated body, l.e., the discharge of electrons from a
body having a high temperature....

"Ablation is more intensive when the material of the
body in the plasma flow is low meltiing and heat conductive.
However, in a number of cases shere are shars, and at first
unaccountable, deviations from this rule. For instance,
if two complefely’ similar spheres are placed in a plasma,
one copper and the other paraffin, then it would be expected
that the parafrin sphere would experience much more sig-
nificant ablation than the copper. IHowever, experience has .
yielded just the opposite result. It has been shown that
it is possible to seleet 2 distance away from an elecirice
explosion at which the cupper body is subjected to intensive
ablation, while at the same time, the paraffin experiences
no noticeable changes in its surface.

"This phenomenon can only ve explzined by the fact that
the piasma-transfers its destructive energy through electron
flow to the body around which it flows. If Yhesz elecirons
strike a body which 1s an electrical insulator, they charge
the surface with negative electricity, which has no place
to go. This immediately weakens the influénce of the plasma
on the body.... The electrons experience such repellance
that they decelerate and strike the surface of the body very
weau.,y or not &t all....

"Besides, not only an electrical .zarge c¢an serve as
shielding against plasma, but also a sufficiently strong
magnetic field can be used,

"ablation Intensity is evaluated in various ways. The
simplest and wmost descriptive-is the determination of the mass
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removed in a unit of time fron the nose sgetion of a body

moving at hypersonic velocity. It can be considersd that
the energy carried by an oncoming zir flow for a unit of
time (the power of an oncoming flow) is proportional to
the density of the air, the section of the moving body,
and the cube of the velocity of the movement.

"The power of an oncoming flow can be conveniently
seen in the simplest of examples, when the cross section
of a moving body is equal to a unit -- for instance,
one sguare millimeter. In . this case, the power obiained

£an be called the density of the power of the onconing

flow. The density of the power of the oncoming flow for -
normal air density Is zqual to 1 kw/m and is obitained
at a veiccity of approximately 11.7 t/sec. Therefore,

the density of the power (W) at any other velocity is

W=, V3 efnd,
() /™

where V is the velocity of the body (the oncoming flow),
expressed in m/sec.

“The above formula is suibable for a case of movemens
in air having normal density, l.e., near . sea level, In ti
first approximation, it can e considered that the vaiue V

will decrease by two times for every 5k increass in altitude,

"It has already been shown that- the interaction of 2
moving body with the surrcunding medium can be of two types.
Fipst, there is interaction with the indivicdual molecules,
and second, interzction with &z conftinuous medium.... The
boundary between both types of interaction of za moving
body with a medium is at an altitude of 83 k if the diam-
eter o the body 1s equal.to approximabely 1 Cheee.

"mhe mass of the ablation products moves within the
1linmits of a cone which is more or less symmetrical reliative

‘to the axis of the resulting crater. The direction of

Gischarge of ablation products depends little on the di-
rection of molecule impliangement.

"Por the avove type of ablation-product discharze, the
cone which 1s formesd beconmes somewhat like the exhaust
nozzle of a jet engine discharging a stream of gas. This
neans that in the ablation of the forebody of & moving

object, an additiond force 1s creafed which opposes the move~

ment and produces an additional decelerating.effect on the
moving object besides that of ordlinary aerodynamic forceS....
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"the reactive effect of the ablation products will
greably exceed the decelerating effect of the air mole-
cules. Therefore, the increase in the mechanical effect
of the onconming flow of air must be very significant in
ablation., Computations indlicate that in this case resis-
fance to movement will be determined not only by ordinary
aerodynamic forees, but also by the reactive effect pro-
duced by the ablation of the moving bod¥.e... .

“The sound barrier, whose study has played a major
role in the deveclopment of aviation, cannot be considered
as an essential when compared with the reactive sffect
ocecurring at hypersonic velicities during ablation of &
nmoving body.

"In the case of ablation, additional resistan.: arises
which is also proportional %o air density and velocity and
the cross section of the moving body. However, thls resise
tance 1s proportional not fo the square but $o the cube of
the velocity of the movement. Additional resistance begins
at speeds of 1 to 3 km/sec, depending on the heat resistance
of the moving body. At a speed of about B km/sec (escape
veloeity), additional resistance may exceed aerodynamic

‘resistance oy two fto four btimes.

"Therefore, for space velocities in 2 sufficiently
rarefied gas, the theory of the reactive effect of abla-
tion should be used as the basis of resistance caleculation,
as opposed $o the use of classic aerodynamicS....

"Phe discharge of a capacitor through & thin wire pro-
duces a powerful electric explosion. The vaporized wire
forms a small pilasma cloud which expands in ail directions
at a speed of several kilioueters per second, If z body is
placed in the path of the expanding plasma, the plasma will
flow arocund the body¥.... It 1s possible to reproduce the
effect of media on a body moving at a veloeity approaching
10 km/sec.” [57) A =
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This section contains material on the cooling of space
vehicles by suvlimation, ablation, porous ¢ooling, and
cooling with a magnetic field. '

In his article, "The Heat Barrier”, Enzineer V., Livov -
writes: . "The simplest method is to construct the vehilcle
of material that can withstand high temperatures and to
shield the vital instrument compariments with heat-resistant
plating. Another method is to design a special cooling
system using ligquid fuel or water as the coolant. A new
so~called porous cooling method is of interest. In this
method, liguid is introduced to the heated surface of the
vehicle through small pores, or openings, in the skin; as
the liguid evaporates, 1f covers the surface with a thin
-f1iim of steam which safepuards the metal from melfing.

An unusual method of shielding the vehicle is one which
permits melting. In this case, although the metal melts,
it meits according to ehe fplan' of the designer.™ [58]

A porous soolding system can be used in a recoverable
satellite; one litexr of water wlll prevent 9 iz of stesl
shell from melting. [59] Hvérogen, helium, or waber can
b2 f2d through the pores. [T4] Ponomarev stabes that
1iguid cooiing through the nores of the shelil is possible,
although there is a danger of che pores becoming clogged.[15]
The front part of the satellite can be covered with '
berylliunm oxide. The heat of evaporation of 1 kg of
berylliun oxide is equal to that of 80 %z of the sateiiite
shell. [59] 6. A. Tirskiy has Giscussed a wathematical
solution of the heat flow around the heat-conducting shell -
located behind the moving shozk wave. [3] According 50
Poniomarev, sublimation is z very sromising cogilng wmethod.
Molybdenunm, tungsfen, platinum, and zold undergs sublii-
mation under conditions of nigh temderacure and pressure.
The latent hezt of sublimalbion can be used for vehicles
which fly at very high speeds. Therelores, it.1s possible
that the materials mentioned will be used for the nose and
for the leading edges of the wings and tall surfaces.
Poniomarev also states that; in the opinion of several
specialists, the use of golid for cooling of electronic de-
vices can be cheaper than other cooling mebthods. [15]
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Aceording $o.¥obyakov and Snumatzidly, ... cooling of
the skin by means of the evaporation of wabter is highly
promising. Wabter is released to the surface through
nores, Or Special holes, in the siin; there 1t evaporabes.
8ix to seven times more heat is absorbed with water evap- ,
eration than in ordinary cooling without evaporation.” [64] )
In a furbther discussion of the porous cooling system, .
Malyutin states: "Because of the excess préssure being
ereated, the coolant is forced oubtwards. Passing through
the pores in the heated shell, the liquid is transformed
into the gaseous state with an enormous amount of heat
being expended on vaporization.” [3]

Several sources mention internzl cooling systems for
zerospace vehicles and zive the following indlcations in
this [leld. The heating of a rocket or satellibe can te
deereased by a special cooling systewm using fuel or water
a2s the cooling azent: [59] 1ternal cocling of a space .
vehicele?!s shell is possible by the use of 1ithium or sodium.{74]
According ¢0 Ponomarev, fuel can be used as the .cooling
agent in the internal system.  .The effect of this system,
nowever, 1s decreased atbt high speeds during long-range
flights because of the high consumption and hezbing of the
fueld. {[i5] Rerference 64 states that besides protective
coatings to cool-the surface of an aircraft it is alse
possible to use liquid codliung. For this, the use of
liquid fuel is proposed. -[64] S

Information on cooliing by means of & magnetic field :
is given by several Soviet authors. Reforence 54 states: . :
"In trying to prevent aerodynamic heating of airerals, :
highly promising are the achievements of 2 new science == ) ©o-
magnetozerodymanies. Powerfuil magnetic Iields con act T
upon shock waves in order to force the heated layer of :
air away from the leading edges of the aireraft.” [6%]

In 1958-1950 sources, Soviet authors mention that the
electrical conductivity of The lonized alr in front of 2
filying body 1s increased 1f ionized materials, e.g., sodiunm
or potassium, ars sprayed into the ionized air. It is cal-
culated that at speeds of Mach 10--12, the conductivity of
the alr is several times higher than that of ses waber.
According to Sushkov, the dess’ “rating effect of the mag-
netic field will be increased if the nose of the satellite

4

b

o e e =



T e AR - Ll - R

).v
4

* -~

e trf il ot wlTar 2wt ond yemiomanlat o v Y ks

= R LQ&»-CM Wdii ALGéidy 4 idhaTii HGLUL dlals L2421 - 4ao
shock vave in front of the-body, in which the main volune
ol neat is uonceﬁtrauec, ¢can De separated from the t¢dy

by the masnetic field. {74] In subse q
{1C61-1963), the interest of Soviet s
usilization of magnetic fields in bra xinq andé ccolinr
systens 1s also wentisne&; In discussing reentry met"xods,

3 I. Yavorskaya writes: "One other interesting and more

4 advanced system of braking has been developeé in recent

3 vears -- the setiing up of an iunlense magnetic field arcund
; the spaceship to Geflect the ilonized ai r strean flowing

E ‘ around the ship. This prouces much resistance and at the
same time reduces heat transfer to the shipis skin...
Reentry methods were systematically studied and tested by
Soviet scientists in a lOﬁ“ series of satellite and high-
zltitude rocket shots.” {;8;

in 2 discussion of the development of new hypersonic
zircraflt, Chlel Alrcraft Designer A. I. HMikoyan staves:
‘1 is evident that when fl;gag at hypersonic speeds is
3 z“a;hec, besides the aiff* wities connected with over-

com;ng the 'heat barrier 1% will be necessary Lo solve
3 many new prob;ems such a the advantageous use of the
£ 3“=?0uéﬁa of dissociation and ionization of air. The latter
3 uas maen promise for dealinz Wiuu elecuro zagnetic flow
cut the surface of an a$rc“a1t. {62
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SECTION F, LANDING SYSTEMS

i, Two Landin ethods-{or the Cosmonauis.

o

According to a TASS report on the Gagarin flight, the
cosmonaut in the Vostok c¢an land by one of two methods: in
%gemcabi; or by ejection from the gébin in the ﬁilot‘s se;t.

Zhe method c¢alling for landing in the c¢abin was testaé on the
fourth and fifth ship-satellites. In the second method, the
pilot!s seat is ejected Ifrom the cabin at an altifude of about

7 im and lands by parachute. (11] Describing the Gagarin
fliznt, Lﬁ Eaiiyanig statesi l“T%e laggin§...c§n 22 accomglished
noth in the ship and separately using the ejection sezt or
ghe narachute, since, in the lattgr case,“the ship ¢an land
sareiy by 1tself. The landing of the ship was tested repeatedly
with ship-satellites. - During these {lignts, the test dogﬁ
Crernushka and Zvezdochka were landed safely in the ship." [23]

From an article by Gzgarin, it follows that the landing
of the cosmonaut in the ship!'!s cabin is the principal design
variation in the landingsystem. Describing his fligzht, Gagarin
guotes the Chief Designer: “!The cosmonzut lands in the ship’s
cabin,! the Chiel Designer %o0ld us, ‘bui, at the same tirme,
we have provided an alternative, vhereby he can leave the
ship if necessary.t'" [79]

Gagarin landed in the shipf’s cabin; This was mentioned :
by several authors, inecluding fagarin, who, in answer to :
guestions at a press confersnce, menvioned that cduring the

landing "the pilot was in the cabvin.” {80]

From recent sources, it is apparent that landi
cosmonaut by ejecting the pilotis seat £x¢C
considered by Soviet spesialisys as having more advantages
vhan landing in the cabin., In describing the desizn of the
Vostoix~3 and Vostck-4, a2 TASS report states: “During cdescent
from orbit, the cosmonaut has the opticn of landing in the
cabin or ejecting with The sezt from the cabin af a2 low altitude
and landing by parachute, indepenientiy of the ship. Parachute
landings by cosmomauts independently of the ship have a number

T advantages for landings made on sciid ground, wheve the
ianding conditions can be complicated by terrain features,
wind, etc, Thersfore, for the group {fliznht. as for the Vostok-2
flight and according to the wishes of the cosmonzuis themselves,
the flight program included the opportunity for the cosmonauss
t0 land independentiy of the ship. I{ should be mentioned,
however, that for all fiights (including the group fiight), the
spaceship-landing system func¢tioned normally, and the ships
landed in perfect condition.” [53] : i
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, landing ¥ethod for Vostok~Type Spaceships.

[{h)]

Trom several scurces, it follows tThav all Vosuvok-type
sga eshipq landed by parachute. Discussing his flight, Gagari
scates: When the parac pate* nened above me and I felt tne
szrong shroud 1ines, I began %o sing." [80] Aaddisional

cviceqce in support of this follows from a descripuion of the
o&-l landing by an eyewiiness, who otserved the ship in

he sky fo* some time. Having head 2. seen the Vostok-1 1n

she sky, "Officer Gassiyev qu;ck;y orderad a2 car nd, taking

several people with him, sped along the road.... They drove

and watched the ship until it went down beyond the woods." [81]

Ct «.,_

The Vostok-2 probably also landed by parachute; this is
vident from an eyewitiness report which states: "In the § Vi
huge descending object appeared: Isn't it the Vostok?. [82]

Nm

les cribiné the Vostok-3 and Vostok-4 flights, Desizn

2 I. A, Meritulov states: ‘"When the spead of the space=-
ship is reatly reduced by the retropower system and air
“esistaace, it is possibie 00 geploy -1 ;a“achuue and lower

the ship smoothly to earth."

El
'"‘ £

Other data related to the landinz mathod are given in
references 81, 82, 68, and 83. Ir particuiar, the fransiations
and abs»racos below contain statemexns r that the Vostok-2,
Vostok~-3, and Vostok-4 spaceshi “ot far from the
ianding poinsts of their respect autz andé that the

ané;n speed of the Vostok-1i and n
Heference 53 gives date that makes
£~
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the e*stances vetween the lan
Vostok

Private uo“c;ar v, &n eyiwitne
: "It wes a clear sprin - .
seing planted in the cam: arez. Suddenliy an exp.ossion was
heard, 1iike that of an airerafls breakiang the sonic barrier.

Immediately, a ¢¢vzn; ehicle was noticed.” L[8i] an e?eW*tHESS
to the Vostok-2 ;d_“g said: "In the moraing we heard a

noise, iike that of unﬂﬁﬁﬁ‘, ané then ;n the clear sKy we saw
the spaceship ccming in for a landinz.® [82]

#} The parachute zonticned in Gagarin’s staiexzent probably refers to the
spaceship landing system &4 not to ihe pilol seal, becauss it is
kzoa:tar'ﬁaﬂniniumdmi:n the shipis cabin.




after mentlioning that Titov lelft his ship by seat
ezection, reference 68 continues by stating: “Heanwhile,
the Vostok-2 sped vo 1ts landing. Af%er a while, it was 1os¢
from Titovis signd.... Passing through the c¢louds, the
cosmonaut searched futilely Tor the familiar shape of his
¢raft;. no sooner had the whife clouds dispersed than the

aerrested fields shone yellow below, He quickly saw the ship
zlistening in the sun.... At ¢that moment Titov's parachute
syung around.... To one side of a railway bed the spaceship
had come to rest.: [68] A. Romanov, in his deseripiuion of
the Titov and Vostok-2 landings, states: "Before taking his
seat in the Pobeda, Titov asked permission to return fhome!
%ggfet nis documents. "Home! was the cabin of the spaceship.”

From an article by Titov it follows that ter the landing
ne ot into . . car which was fo deliver him $0 the district
committee, but he asked that he be taken first to the ship.

The ship was located on the other side of a railway embankment.
They sped through a cerossing and Tifov saw the Vosiok-2 sianding
in & field. The people from the lending support group were
alrsady standing around the ship. ZIEntering the ship, Titov

took fthe ship'!s log and had z drink of water from tae supply

in the cavbin; he then left for the district comnittee in the
same car. L28

G. Ostroumov visited the piiots wno found Nikolayev and
Popovich; he states: "I suddenly saw something shining
agzainst the gray-green backgrouni of the sarth!, said thne one
who found Nikolayev. ‘I descended. I saw the spaceship and
2 man walking near it. He waved nis zand. I flew even lower
and saw that i1¢ was Fikolayev.! The other's story was almost
exzetly the same.” [83]

From an East German source it follows that the Vostok~l
and Vostok-2 landed at a speed of 5 m/sec, a value not found

a

in other sources. The author of this book steivias: “The

Vost rs I ané II, vhich reached a veiccity of 8 km/sec, were
able to orbit around the earth for a reslaiively long time.

Af¢er orbiting, it was necessary to sieer them into 2 reentry
path in order to bring them badk vo earth. Also, the 8000-m/sec
veiocity had ©¢ te reduced To 2 normal paraciuie-ianding
veloeity of 5 m/see.’ [2] The author compares the speeds

above with those of the U. S. Mercury {lights by alan Shepard

and Virzil Grissom and siates: “Affer orbiting, the 8000-m/sec .

orbital velocity of the Vostoks had to be reduced to- the normal
payachuse landing velocity of 5 m/sec; tThe velocity of the

U. S, ¥ercury capsule was reduced {rom cnly 2.0 km/sec to

10 m/fsec.” 12]
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23 the “eenury and rec¢overy of the Vostok-3 and
5 August 19562, source 53 statcs, AgC > T
ogram, the ships were to land in Kazakhstan at lat L3
troencine systen of the Vostok-3 was switched on at
o524 hours Moscow time, and six minutes later the retroengine

:v*"en cn tne Vostok«& was switched on. According to corrected :
izsa, Nikolayev landed at 0952 hours, and Pepovic% landed at

959 ncg“ Soth cosmonauts landed close to their ships.”

Their pr ecise landing points are given as folloys: Wixo;ayev,
48°021N, 75°451E; Popovich, 48°10'N. 71°51:E, [53]
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. Landing ¥ethods for Cosmonauts.

L

As is kuozﬁ from Section 7. yaragraph 1, two methods are
cupleyed for landing ~oviet cosm Oﬁau;s. in the en“cesazp
¢anin o> by ﬁgectiOﬁ 52 the pilotis seat from the cabin., This
secticn of thils report deals primarily with the ejection method.

Deseribing aireraft ejection systems, XK. K. Platonov gives
some geﬁeral iﬁ;o“maticﬁ on ejection. According to nin,
"experience has showm that at speeds exceeding ;SC km/nr, & pilot
dues not have suifficient strengtnh ¢ overcome the slipstrean
nd leave the cockpit of an aireraft.... Zn this ,case, the
recessity arises to automagically eject {catapult) the pilot
with his seat from the ai “craft’s cOoCKpit....

)

"Parachutists in a delayed-cpening jump 21so npust contend
#ith an onm asa;ng fiow of air. The parachutist’s rate of fail
increases initizlly, but affer 10 to 20 seconds {depending upon

tne altituce), it becomes constany, the so-callec terminal
velocity being attained. In a2 ce*avch-u9g3::; Juzp from an
agziy ¢z of 2000 o 4000 w, terminal veloeity is astained after
11 or 12 seconds andé is egqual Lo 50 :gﬁvc, whereas in a Jump
frcm 12,003 M, it is attained ,.,e¢ 18 or 20 secondés and is

equal to approxinately 90 n/sec.” [8&]
Figure 138 in referance 8L shows the ejection seguence -
frem an aireralt with the following procedural noves:
1. 2Zlzce fest on: footrest of sezs:. .
2. 2Pull on shoulder straps and jettison gaaasj.

3 - Sﬁ?«.’_gﬁ:éﬁ dack as re o r"n“ ZCe A -u.&.av't u&ba"k O.s SEG"

zir P ::\J:.é 3- ea vs., C.LE.;CEI h'cﬁa vh C-Gsa ej'c:S F and e.j ect -
5. &usn awvay from seat with feef. .-

5. Prepare for touch-down. L84)

-
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The forces acting durinz ejection 1
=iven in Figure 139 of reference 84 as follows:

1, An inisd b £i1C ¢
will be received from head-to-pelvis for 0.1 to 0.2 s .
2. A pressure exceeding 2000 kz/m? wili be exeried ;
~rom chest-to-back for 0.07 fo 0.14 second.
3. 4n acceleration force o7 10 to 26 g's will be
received from bvack~to-chest for 2 £0 3 seconds,
4, An acceleration force of 3 to 7 gis will be
received from pelvis-to-head for 0.3 to 0.5 second. [8%]

In his article entitled "If z Cosmonaut is in Danger,”
Yu, Marinin describes methods of rescusing & cosmonau during
il stages of the {light. TFor enargency situations arising
suring launching, the author describes the system used in
imerican Mercury vehicles; he continues by saying, "another
possible method of rescusing cosmonauts envisages the use_of
ejection seats, a principle long known in aviation.” [29]

Y

In discussing the Vostolt-2 reentry, N. Mel'nikov and
¥, Xotysh state: "Titov, firvmly pressed zageinst the seat,
fixed nis eyes on the porthnole. The hand of th2 clock apn~
oroached the solem mark, ané Titov Tock advantagne of the
permission transmitited To him ¥C use the c¢atapuit. A shot
sounded. At that instent, the pilol experienced a lightning-
lixe joit. The catapult separated xim Irom the ship. e
was suspended under the cupola of the parachute.: (68]

From an articies dy G. Anatollyev, it is evident that
Titov descended using an ordinery aviation parachute of the
type presently in use in Soviet air units.

Some data on pilet ejection from spaceships ars given

in references 20 and 85. Reference 20, in & genersl deserip-

tion of the ejsction of pilots from aircraft and spaceeralt,

"states thav the piletis sezi, end on spacecraft the encirs

cabin, is installed in the creft on guid »zils. Three para-
v

~
e o
chutes are atvachsd Girectliy tC the sezt or catin: thne Tirst
~ i ] -
i85 the smalless

ang the third, the lazrgesi. Vnhile sjection
from an airersTt 1S an enmergensy messure, Irom a spaceship
it can be one of the variants of normal landing. In an alir-
eraft, the ejection mechanissa is a small rocket logaied in
2 tube at the back of the pilioct's seat; in 2 spateship, the
ejection mecranism can be somewhat differant. The sezt or
cabin is ejected from the eraft, and the {irst parachute,
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whcse only purpose is ©o prevent the pilot Irom somersaulting,
cnens immediately. The second or deceleration parachute is
coened automatically oy & baromeiric instrument at a given
altitude. The tnird and main parachute is deployved only after
the flyér has dropped below 3 km and can remove his oxyzen

w28k or helmet. As it opens, “he pilot is separazted from

nis ¢abin or seat and completes his descent as would an ordinarxy
parachutist. All the operations preparatory to ejection, the

pening of the

r> V< S M
wontrol of the
a

gction mechanisn, and ¢
parachutes ar i

ej
periformed automatically.

In & gsneral description of a modern spacesuiz, raference
85 considers it as a cabin within the cz2bin of « space vehicle,
for it duplicates the letteris functions with respect to
radiation shielding, microclimate, g-force protection, pressur-
2zation, anéd c¢ommunication with the earth., This source aiso
states: "In an emergency, the cosmonaut can return to earth
with the entire cabin as a capsule or can ve ind’vicdually
ejected; here, the spacssuit is irrepiaceadle.” [85]

A TASS report on the Vostok-2 fliight statses exactly the
landing method used by Titov, sayinz, "It is possible to use
two methods in pilot landinzg: in the ship, and independeatly
¢f the ship, i.e., by s¢nparation o the seat with the cosmonaut
from the ship at & low aitituce with subseguent descent of
the cosmonaut by parachute. In his fiigne, Titov used the
atter method.: 731

Rrom reference 24 it foilows thzi cosmonauss Nikolayev
and Popovicenh used the sams method as Titov. 2opovich states:
"I landed in the samé manner as G. Titov and A. Nikolayev,
i.e,, near the ship.... I landed about 200 kilomeiers ayay
from Niclayev.” 3 <

[24] 3Sylovskiy landed in the cabin. L99]

e 7 ~ - s D = - P S i T £ PV + & g
For referznces TLi and €O, it Tollows that the Vostok-2
~ i TSz ds he | - ~ de s - o~ Fw L e - = 3PN < Fs
&ng COoSmonauy JLio0V L8nGe8t &y ad sane Time, anc Idur minuces

1 hetwaa: o Edwma = E PO TP B U
elapsed between the time the Vosiok-Z gppezryed in the sKy
~ e Sy - ’ T of 2 3T e o 2w - o
over the recovery area and iis landing. Accordin; oo referance

3 e °] 75 =3 s Cranm masds TR der vy T oS 2 O . N )
71, "the Vostok-Z and cosmonaut Titev lznded in she designased

area, This occurzed at 10:18 Hoseow cime in the vicinity of

a settlamen:t called Xrasnyy Kut in Saretovskayz Oblast.” [71]
Reference 85 mentions: AL 20:1%, in the sky over the recovery
area, tThe spaceship appsarsd; severzl minutes afterwerds,

G. Titov already stood firmly on mosher eartn.” [858]

s
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i, Space-~Flight Command and Communications Network
(Recovery Phase).

s

This sectvion contains material on the space-Ilight
command and communications negjwork, with particular emphasis
on the recovery phase, On the basis of the information contalned
=glow, an organization chart has been compiled depicting the
structure and chain of command of organizations directily
connected with Soviet manned space {flights., Primary attention
has been glven to those organizatvions participating in the
resovery phase of manned space flight.

From a description by A. Trifonov of the Vostok-2 mission

s apparent that the Technical Director ait the cosmodrome
mand point directs spaceship flights. The Technical Director
the State Commission are linked by telephone with the
rdination-Computer Center, which is probably located a
atively short distance from the Baykonur Cosmodrome. The
cordination-C.. nuter Center receives informatiion on the flight
from points and telemetry stations locaied along the flight
path. The ceanfer computes fhe necessary data and transmits

to the command point at the cosmodrome. The command point
nsmits the decision to bring the ship; however, the actual
mmands for thne landing are transmitted to the shdp by the

tnts situated along the flight path. Describing the operation
£ the Coordination-Computer Cenier, A. Trifonov siates: "The
sixteenth orbif around the earth has heen completed. The
Technical Director asks whether or not the cosmoneut is ready

to land.... In the Coordination-Computer Center, the final
commands for the reentry of the ship have besen calculated.

The final data are reportad to the Technicezl Director and the
State Commission. Everything is ready andé the decision %o

ilang the ship can be given.... 7The following first report .
come in from the telemetry points: ¥ine commands for landing
have been given.! Immediately after tThis, -z steady volce

o Titov comes over the loudspeaXer: ‘The commands for

landing have bheen transwmitted.® Affer a 1ittie while, the
report comes: The retroengine unit has fired, hes operated

Dor exactly the reguired time, and has been switched off., Descent
nas begun.'® [87]
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Military author Colonel F, lLushnikov discusses the funetion
of the Coordinatvion-Computer Center. From his article it is
apparent that the stalf of the computer center consists of :
wilitary specialisis. Describing the day of the Vostok-3 and
Vostok=4 recoveries, Lushnikov states: "We a»e in the head-
guzriters, whicn for three days has closely followed the course
of events in the flight of the spaceships. ZLong before the
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landing, intense work went on here: necéssary corrections in
she cosmonauts!? landing areas were wmade., Somewhere on tae
concrete runways of distant airfields fransports and helicoprers
stcod at the ready, and & grou pf parachutists waived for the
sizgnal so that at the right moment they could go to the ald of

the cosmonauts.... .

"On the huge globe with a model of the Vostok-3 moving
» We can see that A, Nikolayev is now over Zast Africa

eginning his 65th orbital pass around the earth. From

osmodrome the announcement omes that the ship'!s retro-

25 have been fired; the Vostok-3 is beginning its descent....

nucus reports come in from the trackers following the

ship $iight; the data received are instantly corrected

2
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maps, and conventional synmbols are put on the map.
are already crowded, and one of the maps has been syrea
rectly on the floor. The group of officers working here
te & bit of experience., 1 had a change to see these
ple at work when Cosmonaut-2 German Titov was making his
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g. Zverytning is done quickly, bul without comwovion.
ast names of the commanders of the crews assizned Lo
the pilot-cosmonauts have besn paintel on plexiglass;
the Culy olficer naver takes the telesnone avay Iroom -Ris ear;
e maintains communication with the cosnenauts. A minus
assss...another...,a third. according o ca_cuiations,
ikolayev should already be landing, but &8s yel 30 PEsores
+0 that effect have come in., Final
Captein Moskalevie the comnander of ¢
rendezvous with Xi yev, saw the ship
final signal from Po.ovich zame in a3 $:30. A
in from cne of the points: 'I hear Goidan
A minute later, 2 bearing on the Vostoxk-4
in the first case, calculations are made ©
landing point; a2 new c¢revw vakes off to rei
Tne pilot, Captain Breus, dipuad the wings o
greeting to the Tamous cosmonaut, Heliceont
Tlew to the Cosmonauis’?! landing poinis; the
Czptains Bobrov and Zhilyayev.,... The hsad
rolled up the maps.:
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"Thave is a large room, in the center of which stands a
larze map on it. On the map, the fl‘g”u tra}
5 has been crawn, The Deputy Chairman of the
selentists, and designers are bent over uhe
30, ean announcerent was made at the comm

emi t descent of the ship After 15 to 20 m;nutes,.
2 new report: Pilot-Cosmonaut

4 ~ t\
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c .
1 2 has been found, Soon
announcement reaches the command 3
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vich has also been found.... The Deputy Chairmen of the
oxmission announces to the journalists the place where
can “agi the cosmonauts.... G. Titov arried at the command
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Analysis of several sources describing the recovery of
she Vostok-3 and Vostok-4 spzceships sau s that the one;at;ons-
zroup room mensioned by V. Golitsev ané G. Ostroumov *891 is

~

~ccated in the Cooxd 1na»_cﬁ-uum vier Center aa§u¢8 referrad
N Y b H 1 o
to by other authors as the "big room” or "hall."” The article
by V., Golittsev and G. Ostoumov was written in the “eccveﬂy
-y
I

arez, ‘elatively far from the Zaykonur cosmodrome. Therefore,
the phrase ‘cne 6T the cosmodromes’ mentioned ;n this articla
probably refers ©0 The Bayikonur cosmodrome complex. Golltisev
ard Cstoumov Soatér ‘Befors ocne's ayes is the room of th
ozerations group at ne of the cosmodromes. Zven several days
azo wh*n the celestial Twins were only oeginning their flight,
¥e Saw & map uhvle. Red nad bveen used ©o indiczte the finel
oroits oﬁ the ccsmcnguts, the ené of a2 space flight. Yellow _
raint *153 1y outlines the arsz where the group fiight is to
end. AT that yime, the mep was hanging To oaz side.... wnat
was in Tront ¢l us wWas not execily & map; rather, & Ifeatureless
landscape of the very area whnich was cutlined in yeliow paint
Further &iscussion by the authors of reference 8§ indicates
that t“ey Hravellad Trom the headcuorters of the command
peint T6 the headguariers of the recovery forces. HRelatlive toO
this they statz: “Lash nizhi, tozethner with specialists and
doctors, we trevellal to the place where the Zandings were to
Tare place., Agein there wes & map in front of us. It covered
a large table in the headguarters ¢f the recovery Jorees., W
saw not only the final orbits of the spacesnips, but z2lisc the
calcuizted landing points indicated by two small symbois,” :
Dascri®ing the recovery forcees, the authors siate: "On

the £lizht strips, poweriul airplanes, ready to taxke o“’ ag
the firss signal {rom headquarters, are dying in anticipation.




3 - £ 3 2 e = 3 - < = e G A
ot far away detzchmentis o helicopiers are depioyed.,.. =
(%3 N > E ? 2
s L - g . * - - = 4 o &
sroup ol parachutists is in :ambe: on& readiness isic]. 1-5
x 3 v - T s A 3 ’ = N 2 < dm £ oda 3
zroup incliudes personnel in-various specialties., Av thel
_ N % N -
disposal 1s everyiaing neceGSQﬂy £o_ensure a sale rena«vvc 25
r 43 b ) nyda} FoAd A de 4 2 R
for the cosmonaut back on earsh,’ ool t the endé of their
-
. A

ar:icTe, the authors turn azain to a eescriatio T the .
Coordinasiocu~-Computer Cen er and statie: £ the headguariers

:a*cn vas entrustel wi <he reccvaﬂy of *he spaceships, an

almost !s»ace silence! inﬂevazlacg. There are no irritating

noisss or lightinﬁ ezfects.... -In the room of the Chief

5&V¢”‘“Cr of Uhe cormmand point, there is & globe of suach large

cimeansions that it almost {ilis the entire space between tne

floor and the ceiling.” [89]

k.

The headguarters mentionad atove is called the “recovery
comrmand poin:' in reference 54, The avihors of this source
state: Ve le;v for the recovery command point, which is
situated in a white two-story building.... -“e Chief Navigator

says, 'Everything 3s going according £o the prescribed proZyaf....
;ﬁ airplanes and neiicopters ek§er;ehceé gilcts are on cuty

round the clock, ready for the order from the ccmma“d point
uo take oif and go wherever reGuired....?' Operations workers
follow the Lﬁnés of the clock.... The firstcosmonaut geve

-

his call ..lzn. The sigral is received., Irmedictely, the order
is given o the commander oi' one of the helicogters t flv

t¢ the place where X;xo?avev landad., Popovien’s signal ..o
received here 21so.” [354]

vl

The neadguarters ol the recaﬂeﬁy fcrce b nz;c:ea by ouner
2uthors is zlso mentioned oy Z. Ivaxn s tae “command point.”
n his descerinti o of the Vosiock-3 a:c Vostok-4 recoverias,
vanov *‘G& &5 \exy bo vaa'a \.‘»Q.au.u.i..c. '3:}**: Z
a2n acac..c. L”b&u, au. e ..i.s & S
e that A. "*&o¢ayev ang ?.
astic flignt.”
¢e and the small
g ?cpcv;c“ mension
This c¢oncliusion is o G
G. Cstroumov., 4. Zomancy
T0 their assignsd guarters, the cosmonz
a cr ’ch, living corridor; thousands of
188] G, Ostroumov statss:

“he other, Jikclayev and Popovich gdascend
f the airplane.... The heroes?! plane is
farthest corner of the XKareajzanda zirport.
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. ieference S0 gives some information on the parvicipasion
c2 Local inhabltants in the recovery of Cosmonauts Hikolavev
2né Popovich., %The Flrst Seeretary of the Karaganéa Cblast
: Cormiiee stases: “When it became known that the recsv»:y
xsu-u t2ke place south of Xarzganda, we communicated this )
all populated %0¢nvs..,. Yhers &ré no 20aC6s in this ares anc ‘

neople hurried $0 the cosmonaus on foot hsrsebac&, trucks

and severzl went by tractor ﬂaﬁusal;y, the hellcopter pilots
ieft everycane behing.” 19¢

Cosmenauts Hikolayev and
cnnel are given in

to ﬁﬁkolavev, "The

earsd sch“a‘ minutes

1is hy stating:

in 25 m nuces a* er

tate: “ilmost the
happeaed o ?. Popovich.
mounced CQSSacks found
nim by tractor.’

1s ¢n the meeting
he recovery-Iorce
2, 83, and 93. Acca“*
v e yas & cdoctor, IHe ap:
r landing.: 192] G. Ostroux

kolayev vas examined sy a &
lanﬁing.: {63 S. Borzenko ar
same things happened to A. :
Hde was met first by a doctor

-
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Tha participation of ai:
211 Theé search ior The cosmonau
94 and 86. Cstroumov, des
“the activities of the officis
cosmonaut from the recovery “-
links in this wmechanism are varx -~ airerals, reé_ccsue“s3 .
22810.... The aireraft take to . They remain zloft so :
that wﬁen the first signal is given, Snhey 7ush ¢ the aeoceﬁa;ng i
ship.” {941 S, Beglov continues by stating: “it g ofelock :
in the morning on 7 Ruéuuw, Tne final oxbit was completed. :
Zveryitning was ready in the recovery i

)
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rs, and automoblles
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¥ area, Air raf", u&liccpters,
E§‘§uoblles of 211 types and for &ll purposes [wers “eacy]....
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; Some data on radlioc communication netwsen the spaceship
: ana the ground stavions are mentioned by A. Tyifonov in a
: giscussion of the Vostok-2 fiizght. Trifonov stases: 'The
‘ Vostok-2 entersd the demse layers of the atmosphere.... The
cnboznd transmitier iSigna; ' ceased Loperatical a% 10:04....
. AO?, other uransmiviers must be switched on vwhich operate at
i wnhich aye instaliled in the ship.dire ~¢; on
U

a low aliitude and ¥
. the cosmonauiis ' helir signals, ai::er*ﬁ; from-the above-
: mentionsd, signify: v:ry»h*n is in order. The ship and
: cosmonaut arz in descent.!” [87]

]
m
M
o
¢t

s

-

!

O
W

]

%

eariil ﬂal,P.«..mn GO et g
'~

e g g




ik
v
:El’
h
i
3
2

5] "'AJ
vy
3
T\
=N
'a

P}
WG b b
W
o]
o)
£
b o
s [/
)

1

-
W

n their i
somewners in
¢ n

-
[=3

o 2 -

ir0om the nouse Lo
-
]

"
1)
o Rl IR G B

3
[(1]
0 ¢

*3
4+ oF JS

po?

ek
A
(3

"

3

Y € el
H

ok O

tl
|
N

el d 2%
et brid

Xikelayovis and Feopovichis r
states: 'On the morning
thei» comrades went

o make thelr reporis to the
Zorzenko and N, Denisov cont
1962) both cosmonauss, A. Nik
in a iarge ¢ily on the bank
from the vacoery area, The
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Tals section contain maue“,* giving only general
on tThe launching, landing, and recovery ol lunar
s

In an article entitied "The Roads of Lunar Seas,'
S. Nzzarenlko states that manned flizht To the moon must e
sreceded by the launching of heavy space vehicles into ocuter
spacs &t escape velocity. Nazarenko makes this statenment after
& comparision of Scviet space-vehicle welg! 's Lcgording to
nim, 'the previous Soviet ship-satellites, ir c;h“‘ng the
Vostox series, weighed approximatsly ?553 ;e 4750 The
heavy saziellife launched on & February 15561 set a ,in;"i*r .
space record; it weipghed 6483 kg, A% the same time, the
welghts ol the *lunar! scientific and measuring apparatus wit:
noversources and containers were 390.2 znd 435 kz. The automatis
interylanstary station launched towards Venus veighed 543.5 kgs
the ¥ars probe weighued 983.5 kg and Zunik - - weighed 1422 kg.
Cutwardly, this is cobvious progress; howsver, orbiting space-
ships are 5Tiil heavier than interplanetary vehicles Ty 5 ©O
7 tiges.... ?ractﬁve nes shown that 1To provide] Tor man's
normal vital sctivity, & spaceship should welgh about £.5 to
5 tons. TFor a &c iger ©light to the mocn, the weiznt of The
ship increases due 0 an increase In the amount ﬂf gir, food,
and water necessary., Thsrefore, mannad Jiights o the moon
must be preceded by the Eaunchi:g of heavy spece vehicles into
outer space at escape velocity.' LO7)

V. Demin, Candidate of Phnysical and Mathematical Sclences,
discussés fhree methous of lunar landings. According Lo him,
“three methods of lunar landing are being considered in

¢osSnmonautics.

+

"The first mothaod is impact landing without sk
ship down, In & fiight T the mwoon, the ship!s spes
the moon is between 2.5 and 3.3 kwm/sse.... The pi
the emb?eﬂ= of the Soviet : i
2 napyd landéing.

%

)l
)

"Another meshod is a rough landing with & parsizl decrease
in the rocket‘s speed. Using $this Lethod, wahen the rockses
enters the moon!s sjiaere of infiuence, automatic Gevices orient
the axis of the rocket Towards the canter of a star ané fire
the rocke?t engines. At the moment ol touch-down on thée moen,
the rocket snhouigd nave & speed of ;0nly33evera1 huncéred meters
per second in order $0 withstand the impact with the surface.

- 67 -
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[

] Some deteils on lunar iancings were found in raference
- 29 whare the problem of ¢osmenaus relizbility s discussesd,
Zu. Marinin states: 'In a lumar landinz, = Spaceship wiil
. encounter various unplieasant surnrises. The site seiecsed
for th landing may prove o wisuitable, deceleresion nmav nos
te suf -:eny, eve. Therefore, up to the very last monmens, .
gvea as the ship touches the zr und, 1itv must have the capability
9T !shooting upwards' and making the return trip Lo earth.”
L2
in 2 description of lumar £light, Professor S. Nazameko
states: "There is & corridor abvove wai-h fhe low density
of the zimosphere does not provide_effective deceleration,
and below which increesed density [zzrries] the threat of
surm=-up. AL speeds approaching 11.2 kn/sec, this copridor is
very narrow and is measured in kxilometers.... In Trinciple,
there is a possible variant for transforming = Laumik into a
satelliite prior to eana;ng back on earth., In thi- case, the
rocKet must use its petroengines o reduce its SpeLs rom
11.2 xn/fsec to 8 ::/évc, then, in the more widely tolerable
corridor, the rocket decelerates, ‘'using! the atmosphere.” 1(57]
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Fig. 5. leceleration methods

a - Spaceship's trajectory in return to Earth (points
B and C are arbitrary); b - methods by which a space-
ship can return to Earth from an altitude of 100 kms
the ballistic way is shortest; the glide is longest.
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e 3 and Vostok-4 {From 2 ‘
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Fig."11, Deccleration of Rocket by a Metallic Skiry
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rig. 12, Spoceship Wing e

*

I - crogss goction of wing belore
racniry of the spacosnip into
o utmosphoro; 1 = dosizn alo=’
2 = coating of thormal
iou, usbostos, or
3 - sublimating materiol;-
saction of wing after
the ship.
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Dig. 13, Reecverable Voso Cone of Soviet Researceh Rocket.

- hr§k9 oxtonsion spring; 2 - beale; 3 - guidance mochanism torminal
joining lug; 5 - parachute ecwpariment; 6 - alectrie torminals;
trake lever; & - instrument container; 9 - camera.
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Fig. 17. Possible Shape and Loocation of the Cabin in Soviet Spaceships. .
a - Cabin of second ship-satellite; b - cabin of Vostok; 1 =
external housing of ship; 2 = spherical cabin; 3 = fast-opening
hatch with porthole; 4 - fast-opening hatch; 5 « porthole with
optical orientation device; 6 = instrument panel with glebe;

7 - tolevision camera; 8 - door; 9 -~ hateh; 10 = parting line

, of cabin; 1l = pilot seat; 12 - ablating wing; A = Angle betwoen
the lengthwise axis of the container (a) or the pilot seat (b)
and the floor (oross-section) of the cabin; B = Launching
direction; C - reentry direction.
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