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JUMO 022 A;m AFT TURBOPROP DEVEIOPMENT PROJECT AT QVOD NO, 2 25X1
Fhysical Charscteristics and Performance |

2. The characteristics of the 022 turboprop engine are as followss
maximum hordepower = LS00 ps (one German ps is equal to +973 hp),
length = L meters,
maximum diameter = 1000 mm,
welght = 1350 kg (without propeller or reduction gear),
turbine - 3 stage
pressure ratio - ﬂ. N
airfiow = 20 kg/sec,
sxhaust cone = fixed, and ,
propellers - 2 <aml't.m:n--rm.n:m_n;_.ﬁ ‘

The only power figure was that the 022 developed Fo ps} 25X1

25X1

‘wew no thrust since the turbines absorbed all of the power! ich,
is incorrect/, The weight figure of 1350 idlograms may nave . 25X1
some Reasure of acourady since ghe Soviets always wanted the weight of
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. f Weighed afier completion snd came out to be 1350 kilograms”.
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%he engine belew 1400 kilegrams", and BRANDNER sgid,'"ﬁho engine was

- 2w v

i

25X1

Ihis group was headed by DIENEARDR®, with Pr. SCHROEDER respomsible for
the $heoretiosl celeulstions ¢¥ the compressor assembly ind KUTSCEEROFF
(nvohur of the comstruptidn section, whicH made the drawinge frem the
theoretiond caloulations' furnished by Dr. SCHECEDER's section. From

' Ahate drawiags the shop fabricated thé compressqr.gomponents. .

;;4{

Tho bémlt:uitimn section ;ai'dividqd into fhriiiiéitl, §otoi,stator,iid

ciging. ,
1 developing ocompengnts for the single-gtage compressor rig
ghd pressursd relief valves for the 022 conprolqérlgéhe page 11,

‘25X1

 Sketeh Noo 350 and pagell/.
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25X1

~ The blade profiles used for the 022 compressor were a modifiocation of

“the
Only

Goettingen and NAOA series, |
fow of ‘the tables for the profile serids Weie availadly at
Savod'No, 2, which made the Job drawn out and ‘tedidus for 80
¢sloulation seotion,” Most of the NAOA blade péfile {nfo

. 'gafned by seading reports and magasine srtioles
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 SOERONDER's
rmation was
, by 4 ) (the Zuukovekiy profiles
vere 4risd but proved to have an excessive thickness/ochord ratioc, as a
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rglult the Goettingen series were the basis for the compressor blading).

The construction section {headed by KUTSCHEROFF) constructed the com-
pressor drawings from theoretical data furnished by the calculations

_ section (headed by Dr. SCHROEDER). These drawings, in turn, ‘were handed

over to the shop which fabricated the actual components., When a new
blade design.was introduced, it was standard practice for the shop td
fabricate one blade, cross section it in three places (see page 10),

and send it back to the construction section for checking. These solid
blade cross secticns were then projected on the wall and compared with
the master profile projected from the drawing. The shop would continue
producitlon of the blade form if the profiles checked within the allow-
sble tolerance (unknown).

The stator blades were welded to the compressor casing. They were rolled
to shape from sheet steel and welded at their trailing edge. A major
difficulty encountsred was failure because of vibration (breaks occurred
in the blades and mountings).

The compressor rotor blades had dovetailed feet. (see page 10, Sketch No. 2).

. The sides were inclined at an angle. A retaining pin insured positive

‘locking, Rotor blades with fir tree roctdesign were also tried, but dis-
_carded since the fabrication of such blades took much longer than the dove-
talled type.

The clearance between the rotor blades and the compressor casing wes about

1,5 to two millimeters., To diminish the effects of disruption of the

airflow caused by excessive and uneven clearmces, the rings (shroud

ring attache casing surrounding the rotor stage) were lined with

grarhite. the material was graphite and not & mixture 25X1

? aramel and taloum powder as had previcusly been reported by FAUST in
Lﬁ—z—nﬂﬂ—7 The lining material had a brown color and was 25X1
sbout 1,5 to

al used to line the rings wae
one continucus plece graphite blooks 25X1
_ were used to maintain a minimum clearance in the otor stages).

(See page 10, Sketch No. 3.) Centrifugal forces cause & radial lengthenirg
of the blades which permits the blades to sorape the lining, and ‘make their
owr paths in them. The tip clearances were held to a minimum by this method.

COMFRESSOR PRESSURE RELIEF SYSTEMS
ydrauliollg.x Operated Flat Type Shutters

11,

During the testing of the 022 compressor, surge or stall difficulties occurred,
" espscially during the starting operation, The first attempt to overcome

this problem was a set of eight to ten shutters arranged around the comprassor
entrance. (See page 11, Sketch No, 1.) These shutters were hydraulically
cperated by a piston which translated motion to kinematio linkages, which
reised and lowered the shutters as neede, This required a piston for each
shutter. During starting the shutters were raised to reduce the airflow,

and lowered flat during normal engine operation. These shutters were not
successful, snd a second method using an Ngirfoll shutter' system was trisd.

SECRET
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Jvixauniically Opersted Airfeil Shutters

32. This system consisted of a series of airfoil shaped shutters arranged
- arcund the compressor entrance. 111 shutters were interconnected
with a circular linkage. (See pags 11, Skeich No. 2,) . . 'These
shatters were operated by a hydraunlic piston which acted against a
kimematio control linkage which operated all of the shutters simul- .
tanesously. This sysiem also was unsuccessful. .. : :

ves

: 13v he fiﬂl Redification of the pi'essui;'e' fé_l‘i_o:f‘ qx‘l,t_o'q.j_:’:egulted"ip the E
' uag of two escape valves operated by action of an 011 préssure :
rj,p‘tidf_iumton. I

— - [ (See page 11.) ' 25X1°
" Dl unit consisted of one pisten which operafted a shutter valve
(butterfly type) comtained in eech air escape pert (there were two
480ape porta; each having a shutier valve which was connected by : .-
& #tesl pod). The center of this connecting rod was in turn mated.
" 49,8 forked arm, which was operated by the action of the piston mbve-
nent (operated by oil pressure), The shutter valve was mounted
slightly off center so that when it was in the fully open position.
the upper tip was o_.\'bout five millimeters from the edge of the exit.

The lower tip of the shutter at “this point was level with the“mount-
ing base flange. (Ses page 12.)

14. 'The first design had two pistons, one for each shutter valve. Another
. design used had four dlow-off valves, This was modified to the single
‘piston operating the iwo interconnected shutter valves (this system
was used as of Odtober 1950).

1%, The base of each pressure relief valve covers the ares between the
‘ £474h and -sixth compressor stator stage (including the area above the
¢i2th rotor stage). (Ses page 12.) The sctuating piston is
1ocsted betwesn the two blow-off valves. The comnlata unif is located
st the top desd-vwmter position of the engine. | 25X1
" $he relief valves are side by side and not one behind the other, as has

been roportci‘ 25X1

110 sillimeters, the bottom oase (made of sheet steel) on which the

16, The disaeter of the blow-ofZ valves (aluminum alloy casting) was 100-

vglvoi wezre f£itted measured approximately 200-230 nillineters x 400~
500 aillimeters. The vertioal height of the valve seotion was 100-120
pillizeters,

25X1
25X1

7. ‘ the ‘sngine lubricating systeam
. vms pressure relie? ynlxn unit was comnected to it in
gone manner. (3as page 13.) Yuzing starting,an engine driven
;‘:‘:ltu punp Xept the oil pressure over a specified valve so that

e aotusting piston is operating because of the incoming oll pressure.
s sotion opens the butterfly velves in the relief valves, allewing
aly to be dled off, Upon atteining a predetermined rpm the oil
proasure falls below a minimunm value so that the oil flow to the
sotugiing piston is automaticall ocut off from the system, causing
the relief valves to close, st what engine rpm the 25X1
wvalves openmsd or olemed, The loaded spring then leses its tension,
pulling the pisten back and closiag the butterfly valves (a double

SECRET
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" acting piston was tried, that is, oll pressure oprating in both

directions, but this was discarded because of oil leakage in the
se2l when the piston traveled backwards). This pressure relief

~unit removed eno to insure starting without

pressure surge.

SINGLE STAGE COMPRESSOR TEST STAND

‘18,

19.

20,

2l.

I . ‘the,_ development, of the
single stage compressor test stand., It was ready for operation in

1950. (See page 1l. )

The air inlet leading to the compressor entrance was a conventional
grid type. The mass air flow was controlled by the insertion of a
flow adjusting orifice (Messblende),built to German DIN ‘gtandards,in
the diffuser section (there were as many as 10~12 orifice plates which

. eould be nsed to simulate the reguired test conditions).

The compressor when tested,was driven by a modified JUMQ 00l turbo-

‘jet engine, The engine had three turbine stagesj one absorbed the

JUMO OOl compressor power; the other two absorbed the power of the
compressor unit on test. The test rig had a capacity of testing

‘either one compressor stage or two compressor stages, the OOL power

urit being inadequate for higher powers.

One reason for the long delay in developing the 022 compresscr was
the failure to complete the single stage test stand until 1950, This
vas the only one at Zavod No, 2 and all of the test work had to be
done on this stand, Many cases of mismatohing the compressor roter

" stages and improper blade angles could only be rectified by continuous

testing on the single stage compressor test stand before going into
the full scale testing.of the compressor.

Test Procedures

The compressor stages wers tested individually and by pairs. Each

time & different compressor stage was tested the inner "bullet! and
outer compressor casing had to be changed (this was bedause of the dif=
ference in rotor wheel sires). After successful single-stage tests
were completed, successive pairs of compressor stages were tested,

1,0,, stages one and two, stages three and four, stages five and #ix,

eto, (never odd pairs such as two and three, or four and five, eto.)
More than two compressor stages were never, tested at on time, since
the JUMO 0Ol power unit had such a low power output, During the testing
procedure (duration of test period is not k:npwn) the following data
were takens 4

a. Mass air flow.

‘b, “Inlet air temperature.

Ce Tnlet air pressure.

4. RMM,

e. Temperature and pressure before and after every stator
and rotor stage.

£, Direction of lt::ea.m flow after each statbr and rotor stege.

SECRET ©

Sanitized Copy Approved for Release 2010/05/25 : CIA-RDP80-00810A002000170010-0

25X1

25X1

25X1



23,

24.
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29,

27.

Sanitized C?E’.X Approved for Release 20.1,..0/05/25 : CIA-RDP80-00810A002000170010-0

SECRET . ’—‘

-

PThere were three methods 1% use for measuring the stream pressure and
direction of flow. Onme of i#ie instruments used was called & Stausggil
(pressure sphere). This was a meial ball-ghapeéd-device consisting o
five internally drilled channels which led to a manome ter bank.

(Sve page 15.). This instrument was made and used in Germany during
the war and a few of them were shipped with the original engine parts
to Kuybyshev, The Staukugel (ball-shaped measuring instrument) came
in two or three sizes, all within 15-20 millimeters diameter.

. The Sts.nl_:g;g_l_‘h was lined up with the longitudinal axis of th§ coipresnor
casing by seroing the calibrated scale mounted on the exterior of the
casing  (mes puge 18). . During the compressor testing procedure

©the ball was lined up with the flow until the maximum pressure conld

. be recorded (by observing the manometer tubes). At the same time the

pointer would indicate the direction of the flow over the instrument.

Tﬁi ;oomd mgthod of measuring siream pressure 'an_d. direction was by

.- 'deing standard Prandtl tubes. This method was more adourate than the

"aforementioned Steu 1. Sometimes both instruments were used to-
géther, i.e., one a ¢ top and one at the bottom, as a check against
eaah other. | | the instrument used in the third methed
of measuring stream pressure and direction onoce, It was diso-shaped

sud was oalled o geagerigche Mosscheibe (measuring disc).

[URBINE STARIZR PRUJE

the compressor of the small gas turbine
‘starter for the 022, At first an axial flow cempressor unit was
designed and tested, but discarded in faver of a centrifugal flow
type ressor., The rated output was 80 hp (ps, which is equal %o
973 orsepowen . (Ses page 16.) Test Tuns on the unif

had 4inoluded 180 separate starts on a test stand, which incorporated
s water brake to absorb the power. . ‘

'i, tu. AN and PHINRTENY watnwnad Pram an ansine faotory located
)

single stage compressor stand (inm 1949) wo that & "Boviet compressor
oould yd”tqgiod. : ;

¥

eprints of an axial flow compresser.

be tested on the single st [} t stand, which was to be
~pu¥ into operation at Zavod Ne. 2, To |the
,3qrﬁ1npni sélpressor dimensions, eto. [the blueprints

sZcRET |
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furnished by the Sovietis. The drawings vers nev and were not stampsd ‘
with any classifidation. All of the drawiig numbers and ‘titles had been ¥
out out before the German group received the blueprinis (only the d&i- “
mengions remained). All of the printing was in Russian, and it vas ' )
éasy to see that the drawinge had been made by the Soviets becaunse
"there was no style or form to the drswings. The linea were heavily

 drswa and not sharp and neat; they were not drawn tc Gersan drafting

' standards®. o - ‘ . Vi ' '

30.

/ 25X
' L\,ﬁ, the compressor can be_summed up ‘as follewss a
8¢ !h@ Qéyibﬁ mpressor vat'proﬁ;bliﬁabéntkse -iiii‘iﬁ;fu. '
*smaller in dlameter then the 022 compressor.
“b.. Rotor blades appeared leuger: and with'sors twist than
; . the 022 blades. 'The type of ‘blade, ttashment was not
No.';Ehglﬁbiqi’wﬁﬁgll were built "heavier" than the 022, Y P
$hickes and mors massive leoking.’ o .
d | |there night have beex éigat stages. | X1
e. It did not sppear to be similar to the 012, 022,07 003
compressor. o '

31, BRANDNER had stated that the compressor had been built and test ruvn at
the factory in the Urals, where he had been working. It had not zun
under its cwn power. Only motoring tests had been completed, and for

" this resson it was decided that single stage testing should be natie.

%2, The redesign of the single stage compressor test stand to accommollate
‘ the Soviet ocompressor wheels vas completed at the end of 1949, The
-~ parts, suoh as nose inlet, outer oasings, eio., had Deen built in the
workshop and wera lying around at the bF‘i!ninl;ntgliinlgglllgjggjgggf
to be dene was the installation woTk. 25X1
no tests on the Soviet compresser had been made -at Zavod NO. &

33, The bluepriat ot oompressor were put iato the archives at
: Saved Yo. 2. possibly WIEMAN, whko conduoted compresser 25X1
testing en the single stage oompressor test stand, would kuow mors

about the uliimate fate of the projected test progran ] 25X1
[::::::::i::Jthn projeet had bdeen abandoned).

. e N A 25X1

Ay ’!“,' o i "’-i v L M ! !
34. App#e:ildtcly-t& oa;iqopile’ino;udinc Dipl. Ing. GERLACE, came from a
2 ory mear Mosoow to' Bavod Fo. 2. iz the fall of 1949, ! 25X1

i;f‘ﬁﬁ_ﬁm—!—‘ e hud hewn yerdnk on & flaned >
‘ ar [} i ) ‘

.

v o © #EORDY
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.Page 10,

?l;e-lOQi
‘Page 10;-

: ;Pa;e‘ll,

Bage 11,

Page 11
Page 12:
3;‘!’ 13,
i Page Ly
Page 15,
Page 1§,
Page 16,

"1,

1) Bketoh Xo. 1

+ Bketoh No. &3
. Bketoh No. 3s
: Bketoh No. 1s
fketeh Xo. 2
Sketoh No. 3

Compressor Pressure Relief Valve

*

Location of Stutionlwfor'donprcllor Rotor Blade

Profile Cheok

Mounting of Compressor Rotor Blades '
Graphite lining of Oompréssor Rotor Shroud Rings
Bnutter Zype Pressure Relief System

‘Arfoil Type Pressure Relief Systenm

Gompressor Pressure Relief Velves Installation

t
1 fehenatio of Oompressor Pressyre Relief Valve Operation .
1 Bohematio of Single Stage Jompressor Test Stand

1 Staukugel (pressure sphere) Instrument

Gas Turdine Starter Oompressor Assembly

fketoh Xo. 1t

. fketoh lo, 2: Gas Qurbino Starter Unit Installation in JUNO 022

Comment. Probably 80 German horse pdwqi'(pn)‘il meant inammuch as
The Uerman messure is used earlier in the re

fully olayify the meaning.

SECRET
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