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wind tunnels at Kochel, S. Germany
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SULGARY
A trief description is 5iver; of the WeVesrs supersonic tunnels and
tne work performed in thews  These tunncls were originally at Pecnemunde
and they were used mainly for the development of rockets and projectiles
and agsocisted resecrch provlemse .

Only a genercl outline of 'the apparatus and activities at Kochel are
given in this notes A full description will be included in a subseguent

vieit repoit.
Air Decuments Division, T-2
AKC, Wrigit I'r.ed
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le Introduction ¢

These notes are designed %o give o very brief outline of the 4
informition obtained bty the writer during his investigations at.Kochel. !
All det~ils nad drawings ore onitted but these will be included in a v
full revort on the visit which vill te issued later. !

The purpose of the visit to Fochel was primarily to obtain data
on thic wind tunnels themselves nnd nlso to gather at first hond fram
the staff o general picture of their experimental methods. As far
as actunl results are conccrued only an overall survey wes madc as
these will eventually be uwnde wvailable to us through C.I.0.5. channelse
In all, some 176 Kochel reports have beer microfilmed, and tho re-
production is proceeding at C.Ll.0.3. headquarters.s There were, however,
n uugber of exceptionsy tiic results of tests which were considered to
be of dmusediate intercst, and, of course, results which were not written 3
up, were collected tn as wuch detail as possiblce .

e

2 Historr

Ihe establishment at Fochwl which wes kaova-as the Wasserbau
Versucha acstalt (W.Veis) was oriiinclly a part of the Heervs Versuchstelle
at Preencimndes The nued Lo . supersonic sunnel in the development of
pico ettiles was recosnised in 1536 nnd the 10 x 15 aame tunncl at Aachen
vias used Tor thig purposce T about 1938 the present tunaels were

1 #

ladcsure T A0S Repon h?-’ ¥E L'(é/

Mmury Astach

W= 64687

Gl i Skl g ;4

TR




R ST

Y

Tech.Note No. Aero. 1686

s ANA the firat 40 x 40 am. intermittent tumnel was built at

e in 1939, The.first teats were made in it during the early
days the war, A second identical tunnel using the same . power
suppsy and vacuum sphere was then constructed and then followed a 18 x
18 ch. contimious tunnel. The two former tumnels were intended purely
for{projectile work; the contimous tunnel was designed for fundamental
resparch on supersonic flow. :

}  In hugust 1943, 1t was decided to move the tunnels fram Peensmunde
t9 Kochel, the latter place being chosen because of the availability
of eleotric power fram the neighbouring Walchensee hydro-electrio plant.
The apparatus was ocompletely shifted by the middle of 1944 and an inter-
mittent tunnel was in operation by Qotober of that yeare Owing to damege
to essentlal equipment the second intermittent tumnel as well as the
oontimious tumnel was never run at Kochels

5« Description of plant

"The principal features of the tunnels are tatulated below;

Dimensions Time of run
Tunnel . Iype of - Maximum o
No. JE of S:Z:ﬁﬁ& working section |licch Foe | 2PP seola. tely
1 Intermittent| LOx40 cms, * " open bely 20
2 " " " holt 20
3 Contimious | 18x18 cmnse | ¥ closed 3.3 -

A rough sketech of the inten.istent tunnel‘ is given in F'ig.l.‘

31 Power supply

The three tunnels were oo.ascted to 2 common sphere 12.5m. diae
and 1000 ou.ime capacity which was evacunted by three Demag rotary vacuwum
punping units¥. Each unit whioh consisted of a motor driving two plmps
had a sower of 270 kw. . :

%,1.1 Intennittent tunnels

The oonnections to the sphere were such that only one tunnel could
be in operntion at any given time. During the first part oi the evacuation,
the three pumps worked in parnllel} in order to obtain the final low
pressure the councctions werc nrranged such that one punp ncted as o
second stage in series with the other two. The initial puiping time
was from 3 to 9 mimtes depending vi: the deyree of vacuun reguired in
the spheres This latter is, in turn, a function of the iiach rmber
required ard the time of rune Some representative rough vilues are
given in the following table.

* The arrangement at Koohcl vas different owing to danage to the sphere
in transit irom Pecnwmindes At this stage, only the apparatus as
used at Peenemunde will be described.
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| Sphere pressure for a \

M | 15 sooe TuUDe Mo Mercury] )
122} . 110
1.56 90 .
1.86 75
2,92 40 L
3624 e 5
438 10

vhen the required pressure was obtained in the sphere a rupldl,
operating valve was opened (the time taken to open the valve was' of
the order of 2 secse) and aixr was drown fraa the atuosphere, through
a silica= geldricr at the entrance to the contrectiqn cone, into the
tunnel and theuncc to the spheres  The drier ensured that the specific
hunidity of the air was leass than 0.5 gre/Kg.

Two punps were nomally kept in operntion during the run so as to
inérease the running timos The interval between runs was of the order
of 3 mimutes, :

. 3+1.2 Contimuous tunnel

In the casc of the contiuuous tummel the sphere was used sinply
to danp out the cffects of pwap fluctuations which would othervise
lead to fluctuations in the flow dovmstreni of the working section and
hence a greater amnount of noise.

3.2. Plexible wmlled diffuser for the interaittent tunnels

In ordcr to avoid coupression or cxpansion shocks in the free jet,
the pressur: in the wensuring chasber enclosing the jet was adjusted so
as to be cqual to the pressurc at the end of the nozzles This was done
by adjusting the size of » sceond throat downstrema of the jete

The mechwiisn by which the pressure outside the jet is changed
cnn be ex lained by oousidering the diffuser to act &s a kind of vaocuum
punp insof'ar as the throat siue affects the degreec of wixing ot the edge
of the jet until equilibrium conditions are attaiied inside the measuring
chambers  There is, thus, an iugdortant diffecrence between the adjustable
throst ag used in an open Jet tunncl and that used in a closed tuinel.

3«3 Balance

A three coupo.ent electrical halance vas useds A rough sketch is
given in ®ige2, The model +as fixed by a ating to a strut which was
freely supported by threc stecl leaf’ springs.. 'The springs were each
nounted between two coils so that any change in the spring position
resulted in & relative change of inductance of the coilse  The forces

" on the model were then Ffound froa measuremeat of the deflection of these

springs as givem by the inductance change of the coilse

The mexirmm lood on the balance vms 18 Kgo and its preoision under
these conditions was 0. 3%

3.4 Strut interference

The strut susport interference wos found by using a split stinge
The one half, which was attached to the wodel, was fixed oato the pert
of the strut comected %o tho balance springs, and the dusmy half vas

3.
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fixed #fo a strut which was completely earthed, but always presents

After the forces in this condition were measured the arrangement was
reverged such that the model vas fixed .to the durmy . strute The differ-
ence fthen 'gave the model drag.. :

The two struts were similar in shape’ and except for a sma.ll 28p
of fhe order ‘of 1 mn. formed a complete circular arc spanning the tuimele
Bofh struts moved synchronously during an incidence changee

. It was stated that the lift and drag on the balance strut were‘ about
equel to the lift ond drag on a representative model at an incidence of

59
3¢5 Nozzles . . '

There are two outstanding fuatures of the nozzle designse 'The
first is thet they represent-the shortest length of nozzle which can be
obtained with & circular aro throct for uniform flow at the exite This
was achieved by making the divergent angle the maximu possible at the ®
point of inflexion where the Busemann part of the nozzle startse This
mazxdmun angle is egual to the angle through which a sonlc streaa would
be expa.mied in order to attain the iiach muber at the exit of the nozzle.

The second feature is the ingerious method of constructions The
liner of the nozzle was of & specicl cement known as "Monolith"¥, The
nozezles had a mild steel base with carefully constructed twnss formers
at the sidess The cement, while in a liquid state, was poured into
the nozzle and shaped to the former pmf:.le with the aid of a stra.ight
edge.

After a nozzle was designed it was tested by moaking soratches in
the ionolith ard photographing the wnvelets with a Schlieren apparatus.
Snall ercors in the nozzle profile were then oorrected by rubbing down
the cement. Vhen o satiasfactory shape was established the Monolith
was chipped off and recast to the new shape. Noszles made in this woy
existed for thc following Mach munbers; 122, 156, 186, 250,2.92, 3.24,
4,38, Biumple straight sided liners were-also prow.ded for subsonic
speeds.

In the worst cnse the maximum velocity fluctuation along the axis
of the supcrsonic nozzle was 5% of the mean velocity and, in the best
case, 2% of the ncan. The distribution at subsgoitlo speeds wns poor.

.Technique axd results

The tunnels had heen used to a large extent for routine tesis on
projectiles amd rockctsy and, with the exception of one flak rocket,
nanely, Wasserfall the results were not exazaived in detaile On the
other hamd, the techiuiques used in making the tests were investigateds

The following subjeots werc-disoussed in some detall and the
results of these disgussions vill be givea fully in the final visit
reports Only a few of the m.ro salient points are given clows

Le1 Nozzle design and conatrustion

In addition to the standard nosnles vith cireular are throats,
nozzles having shor . cdped throats had been designed. In this way
very short nozzles could te obtndncde Teats up to about M = 8.0
suggested that the boundnry loyer at the thm"t did not cause any
trouble,

H Samples of the caient were token and these have been sent to Materinls
Departient R.A.Es for cxamination.
L
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12 Cg1_a_. % ruction and opcration of drier

| In all, about 12 tomics of silien gel were useds  On thefaverase, A
the power required to dry the air wns cbout 400 Kwe or, roughll, holf
that nceded to drive the tunnel puripse ‘

Le3 Sch]ieren apparo tus

"‘hc method was starﬂnrﬂ., but special ocare vas taken in the d%s::.gn
of the miivors to correet for nstigmatisme The field of view was:50 ome
diameterj the focal length of cach mirror wes about 5% m. . Althcig
extremely scnsitive for most purposes, it was found that the ajparitus
oould not satisfactorily deteot Mach wuvelets at speeds greater. than
about M = 3 owing to the very low densitiecs in the woiking . sectione

Lel - Pressure weasurencnts in the diffuser of the 40 x 40 cme tunnel

During the run, the shock wavo, starting at the sphere, trvelled
up the tumnel at the rate of about 1 m/sccs

The ef'ficienoy of the diffuser at the emd of the run was such that
the sphere pressure was about 0.6 times the pitot pressure in the working
section, ot ; -

4+5 Pressure ratios "cross 40 x 4O eom. tunnel £

The retios of sphere pressuru to tunnel entry prossure. at the end
of a run are tebulated belov. Wik

il 'M ; spnerc . pressure
° entxjy' pressure
Lo 0.69 °
| 2656 0e62
1- 80 3 O. 53
2e 92 Oe 24
u, 38 [ 0.06

; Leb Mes.suroment of absolute veloc:.tyum the work:.lg. section

A method proposed was to eult sound waves. of - known frequency from
a source ugstrema of the noz:zle and then Schlieren photograph the wave
fronts as they passed the workinz seetion. This was noi.suecessful *
since the sound waves.were not visibtle by the Schlicren methods I%
vas intended later to use the interferameter to detect the vave fronts,

L4s7 Measuremnent of centre ol pressure position on projectiles

The aocurncy of thu balance ror pitching wmoment measurauents was
poor and a wore accurate method was developeds  The model was suspended
froely at its C.G. and the incidence varied until the manent about the
CeGe was zeroe . A mumber of C.G. positions were obtained by adding weights
t0 the nose of the mﬁel and in this mafner the variation of centre of -

i pressure position over a 1'mrfre. incidence range wos dctermined.  The

accuracy with which the centre of pressuré could,be found wns claimed to
be vithin Oel body dianmcteras

ey R

e

48 Preasure plotiing

A speclal mcothod for pressurce plotting missiles and projcctiles was
develoged which ciaabled 120 tubes to be led from o model whose dimensions
50

T R
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case might be; length 30 om, maximum diameter 4 on.  This
involved fhe use of a h:.lf‘-nodel attached to s "reflexion plate’, At

A comparison of the distributions obtained on half-models and
canplete models shcwed that the plutc boundary layer had no apprecio.ble
effec ‘ 3

may be of interest to -wte that when the AJ4 wa.s pressure plotted
in ¢ 8 vm.y sane. 120,000 pressure. rt.ada.xq,s were recordeds i

4e9 Oscilla.tion experiments

. Damping and statio 'stability of projeotiles were deteradned by
the free oscillation methods' In earlier tests the indel vms suspendod
on a wire stretched in thc direction of the pitching axis, but ~ later
development employed the half-modél-technique; both model and plate
were allowed t0 osc:.lla.te.

I+.10 ea.suranengvd.th cold jets

Pressure distribution and dscillation measurements were made on
rockets with jet flowe The jet conditions satisfied were that the’
jet Mach muwber and expansion angle should be the same as at full soale.

. The drag of the is); rocket with and without jet is of interest,
and is given below,

| M
Withbut jet  With jet
Oel 0413 0424
i 0.5 0.12 0.19
0.9 | 7 0.9 0.21
1.5 . 0.29 0e27
240 |- - 0s20- 0.17
3.0 0.17 Os1ly
3. 5 0. 16 1 0.12

4e1l1 Spinning models

" The effect of spii, up to 18,000 repeme wodel scale, on the lift,
drag and centre of pressure position on projectiles was shown to be
very amnalle

Le12 Rolling moment mcasurements

Rolling waments were mensured by supporting the body axzinlly on
ball bearings or knife edges and <pplying n torque to the mudel in
roll by means of a Bowden cable, The torque was adjusted sc as Just
to ' balance the cerodynamio rolling mamert by ensuring that no isiovement
of the model in roll occurreds.

! The accurccy of the method was sgid %o be about.l grecm. in rolling
roment.

4e13 Themodyrnnic reasureacnts

& Kinctic teupernture and heat transfer measursments were made on

g 6o j
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cones a plate thermométer, a circular cylinder, stagnaticn P1d
zstauscheibe and stausorde) etce  Kinctio temperntures we
measmd along the body. of Ak and along the tunncl ax:.s. O R

i als0

% S

Very briefly, it was found thut, for cones, provided the
was attached, the following formula ocould bo useds

ug?
TH = TO + 0485 (:2—-51,>

where T;; is the kinetic tempcrature and T, anmd u, are, respeotively,
the statlic temperature and velocity behind tBe nose shook wave. This -
formmla vas found to hold over the wholc Mach mumber range explored,

. 1.2¢ M< 340, and for all thc cones tested, 10° to 800,

wave i

°  When quantities weré sindlarly calc;ulatéd appropriante to conditions
behind the nose shock it wes found the heat transfer aoross the surface
of cones at supersonic spceds was given by,

N, = 0'.010'.110-82 |

where I, 1s the Nusselt mwaber and R the Re'nolds mumber.
4oLy Skin temperature calculntions for ‘-'lt and wnsserf'xll ‘

The veriation of the skin temperatures over the trajectories was -
calculnted; the following moxima wiro obtained:

Aol 675°C,
Wasserfall 2L0°C,

L...15 Exploration of upper atio Jhcrs, with Al

Six st'mdnrd Asly rockcts had been allocated to Profe Rogener at

| Dammstadt for exploring atmospheric conditions at an altitude of 45 Kmy .
{ The following measurements were to have becn madej brightness of back=
ground (Himnclshelligkeit), quantlty of ozone, pressurc, density and
temperatures The instruments were oontoined in a box fitted inside

the nose of the Asle  The rockct was to. have been fired vertically;

at the cnd of the burrning period the '‘rocket wnlls were to be ramoved by
axplosive bolts.and .the box p'lmchuted dovms. Measurements were to have
been made during the descent.

Detnlls were obtoined only of the proposed methods of tc,uperature
measurancnt, e

4416 Humidity measuring spparmtus

iy rmianctivtord o I ominii

The method of measuring the specific humidity in the tumel was
based on the measuranent of the heat of absorption in concentrated H. SO,‘_

of thc water content of the aixe A rending could be taken ian abou
15 scoonds. The scnsitivity of the apgparatus was such that a specific .
hunidity of 04001 gr/Kg could be dctectods

.. he17 Intcrfcrometer

The tests made with the interfervineter were designed only to explore
the technigue of using the instrwacnt. Preliminmary measurements in the
18 x 18 cme tucnel had been nade of the density ficld in the wipty tunnel
and arourd a coiiee  Two somewhnt intercsting instiuients had boen designed
to annlyse the fringe vatterns.

i
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: Very oampnct electrical. pgauges werd used at the higher kach muibers.
where the low pressures in the tumiel working section and short rumming -
times mode a mercury manceter iupraotieable. - In principle, the function=
ing of the gauge depended on the change of inductance of a cokl due to ¢
variations in the size of air gape This latter, in turn, depended on

the movenent of - disc attached to a pressure oepsules -

Geuges hmnng various degress of sensitivity were in uscj: the -
mest scnsitive had 4 pressure range of 5 mme of mcreury, and, in this
renge, pressure differences of 0.005-urze of mercury could be measureds

Fluctuating r.ressures up to a frequency of 200-300 cycles per
seoond could be reconied.

The gauge hn.d been u.sed to measure the cha nging pressure a:.stri'bution
in the' tunnel -diffuser during a run.

4420 Pitot tubes ‘

The standard pitot tubes used for calibrating the tunnel werc of an
interesting designe The outside diameter of the tubes was about 5 mme
and insidc diameter about § mme . The reason'for this large ratic of -
dismeters was to eusurc tha.t the bow wave in the neighbourhood of the
bore was normal to the dircction of flowe Conditicns would then be such
tha-t Rayleight's formmla could be applicd with a n:.gh dogree of e\.rtninty.

l;..21 _gfnolas mn:ber ei‘fccts g iz

The Kochcl group cl-x:ned that, at the Reymolds munber at which thbj‘
worked, of the order of 3.x 106, there should be little scalc effeot
boetween tunnel and full scalee This was, in gencral, borne out by
oamparison vith firing trials. Thoy pointed aqut, moreover, that; in a
particular cese, the results of Walchner's tcsts, made at & much smaller
Reynolds nusher in the Gdttingen tumncl, differed from theirs by as 3
much as 20% in drage s

fhere had not been mmeh work done to determine boundary' layer eharacter=
istics at supersonic specds with the cxeeptlon of ncmsunw the 'baunda.ry
layer thickness on flat: plates.

Nomally, the subsonic laws for skin friction, velocity profile
and thickness were assumeds As far as the skin friction was concerned,
teats, where balonce drag and for: drng had beci measured, suggestoed that
the assumption of the low-spced laws was sufficiently good for nost
practieal purposes u. to 2 Mach muwiber of about 3¢0. It is al=o interest-
ing tc note that the rate of growth of thickness of a turbulent boundaxy layer
along a flat plate was found to be only slightly greater at supersonic
speeds thnn at- subsonic spcedse

14-22 Centre of pressure position on ocrofo:.ls of small aonect mtio

Centre of pressure and nonmial f'oree ueasurcuents hz‘d bucn nde on o
sories of acrofoils of small nspect ratic. and having a variety of profiles.
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The incidence ronge was fraa 0° to 30° 2nd the liaoh mnber zzm.ge Lrom ¢
0.14- to 2492,

No caaparison had been made with theory but the results Have been
collected in entirety and it is hoped to make this ccmparison thiere. .

4e23 Shock waves fraa concs

Mensureasents were nade of tho ach nwiber for which shock wive
detrolment occurs fram the noses of conese A series of congs was
used; the total conc angles varied from 47.5° to 111.5° in 20 intervalse
The Mach mmber Tonge was *fraa 1.2 to 4.2. ; i

It wns i‘ound that, at a g,iven kach miber, the oone a.nglc for
initi2l detachment vms sile 30 to 4° greanter than that given by theory,

The distances of the dutached bow vmves' fran the noses of the cones
over ¢ range of Mach mmber e 2lso neasureds

442} Basc pressure on bodics with conical noses

The results, which are not entircly free fron suspicion, gave the
following variation of basc pressure with hinch muber. Thesc figures
were deduced fraa tests on three bodics having different cone ﬂ.ngles and
different lengths of the strizht cylindrieal portion. . = . .

u | EPo
$pu2

1 ~0e24 -

2e5H ' '=0e12 o

305 | =0401 .

ll-5 l +0.07

Posp and U are the free strean static pressure, density a.ﬂ vc.lood.ty
respectivelys p is the basc prossurce

L4e 25 Wnsserfall . ;- = 1

Wasserfall was a guided flak rocket aevclopod at Peenenmundee  The
design masdmua Mach mu.xbc.r veis 25

Exporiicnts, over o period’ of sbiout one year, werc made ot the
WeVehe to detemine the corrcet canbination of wings and fins to give 1
a ninimur centre of pressurc travel ovor the fly:Lm; IDiEe They !
succceded in doing thic, without any recourse to the thcory of wings |
o' finite aspect rmtin, and the main result is givea belowe |

.

W Distance of C.P. from mosc in tems of body lenzth
=20 a= 8°
Lovw=speed 3 0.56 . - . 0.59
1 2.5 0.60 0.63

426 Drag of spheres
The drag of a sphef-c had been nieasured betwoen M = 0e3 and M = Le 30
Oe ;
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The resultb at supepgonic spoeds were in good agreement with those found
froz tests in the Gottingen tunnel and nlsc with firing trials made

by Rheimmetall Bdrsige
Le27 'rhj
=i

The athodyd design of Oswatitsch at Gottingm had been tested at
Kochel without cambustion. The cowical bridge at the duct entry as
desig:fd by the Oswatitsch group was shown to lead to very efficient
diffusions : 5 : :

I3

Oswatitsch difi*user

i:

At M = 3.3 the pressure in the combustion chamber was 1.6 times :
the free stream pitot pressures In other words the diffusion was
roughly 60% morc efficient than it would have been if subsonic conditions
were attained through a straight -shook at the entry.

The Kochel group could not supply much detail about Oswatitsch's
work as the tecsts had been dom. very hurriedly under the suporvision
of one of Oswntitsch's staff.

If this has not a.lrsad.,r been done it is suggested that the work of
Oswetitsch should be invest:.g'\ted very noroughly. He is still at
Gdttingen.

4.28 Project "a"

Project "a", or, alternctively "Windkanal Sud", was the name given
to thc design of a group of four supersonic wind tuurels to be built in
the vicinity of Kochels The power supply vas to be obtoined directly
fram the Winlchensee lake* and amountod to 57,000 Kw (iece about 80,000 H.P)o

Work had been concentrated on oné of these tunnels which waz to
have had o working section of 1 x l e :md a maximum spoud of 2,000 m/secs,
corresponding to M = 10, The schcme for this tunnel was well past the
proposel stage and some of the castings for the pumps had been made, as
well as the rmgh blocks for the Schlieren mirrorss

.. The pumps were in seven stagess Four of the stages were geared
directly to the water driven turbincsj the last thres were driven through
intermedinte elesctric motors. The maximum pressure ratio attainable
with the seven stogcs in opcration was 850:l.

The tumel could be run as a direct flow type, in whleh case the
entry pressurc was roughly atmospheris, or it could be converted to a
return flow type with an entry pressure of up to four atmospheres. In
the latter casc, the tunnel ertry was to be connected to thce punp exhausta.

The air was dried by silica gel to a specitic humidity of less than
0.5 gr./Kge

Heaters upstream of the nozzle were providéd so as to avold p'\rti'ﬂ : .
liauifaction of the air at the higher kinch munbers.

The no:zles were to 'be about Gme lonzy above about M = 5 the
throats were to be sharp edged, Nozzle designs had been made up to

= 1l. An interesting point in this lattcr conneection is. that having
des:.gned a hozzle with o sharb throat tor M = 11, nozzles for amnller
kMach mambers can bo obtained very rapidly by using the same basic wavelet
system tut discarding the outer pnrt of the wrvelet pattern.
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™ :
There is a difference of level of same 200 me betwoen the ..alc,hunsee
- and Kochelsees
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The jet was to be half-closed, followed by a difiuser having
adjusteble walls, so that the size and position of the second tiroat,
ag well as the diffuser expansion angle, could be varied.

A balance working on the same principle as that used on the
40 x LO cms tunncl was envisaged. :

4.28 Athodyd tunnel

A proposal had been made to oonvert a 40 x 40 ane tunnel into one
suitable for testing hot athodyds. No deaign work had been done but
preliminary oalmlations suggested that the addition of a vessel of
sbout 300 cu.m. capnocity containing air at a pressure of 35 atmospheres
should sufiice to give 2 10 to 15 seconds run at a working section
pressure of 1 atmosphere. :

The air would be dried prior to compression and then heated to
about 330°C so that standard temperature conditions would be rsached
in the working sections

Attached:
Fig. land 2 = Drg. NO.].?GZS-S
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FIGS.1& 2
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