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SISURY

A resume is given of irformetion collected during a visit to North
Geruany, 17th to 29th June 1945. The favorable power factor of Germsn
tunnels is attridvuted to their greater diffussr length, This and the
large power available allow them to use s higher density end so a higher
Reyuolds Number, This is considered to be essential. Mich fundamsntal
work has besn done on ssrofoils, shock waves, boundary layer stability,
etc. The large icing tunnel being built at Gottingen i{s also described
and in an appendix a more detailed descriptiod of the Brunswick tunnels
is given,

1., Introduation.

The following notes are the results of a visit to the LFA (Bruna-
wick) and to the AFA and KWA at Gottingen, The rrimary object of the
visit was to examine the technique and methods of correction used in the
large subsonic tunnels and to find what had been achieved. These mattears
were also discussed with leading workers from the IVL, Berlin.

At Gotiingen recent general researches were discussed and an ex-
amination wes made of the water tunmels apd the ie¢ing tunnels, ccmplste
and incomplets., ‘

2.

A kDD LS W MR RO « .
Teble 1 gives a list of some of the more important German tunnels.
The list is very incomplete and omits all firms tunnels.

The large 8 m,dia. Brunswick tunnel (No.5) was kept fully oc ue
pled by firms tests, as waa probably alao the variadle pressure tunral at
Gottingen., Complets models of aeroplanes ecould also be put into the high
speed tunnels Nos. 1 and 2 and soms work of this mature bas besn aone. It
Beems howsver that this gd hoo type of research formed relatively a smal-
ler part of the German effort then of ours. The mame conclusion can be
drawn from ths many smller tunnels in Cermmny, sach dssigned for a spe-
cific study at subsonic, transonic or supersonic speeds. Thus there are
the boundary layer tunnels and the eavitation tunnels at Gottingen and
the smmller tunnels at LPA, A6/7 (Nos, 10 and 11), Further examples are
the two vertical tunnels LFA 49 (Nos. 12 and 13) which reprsasent a seriocus
gttempt to solve the problem of the effect at high speed of the finite
boundaries of the working section. This was baing done by testing ths
mdel firet in an open jet and than in a closéd section. It has been
shown theoretically that the free air case lies between that of
the open and closed throat but that at high subsonic speeds it is consid-
erably nsarer thgq former., It mmy be that other ccnsiderations such as un-
Steadiness (see 5 B) and recompression difficulties will tell in favcr of
the closed section, It must be emphasized that while thess tunnels AEST
8nd A9 may be small geometrically, the design and construction wark in-
Yolved is very great and the compressors and other plani represent same-
thing very much larger than anything in this country. (c.f. 16,000 HP in
No. 12, 13).

Obviously the work which had been started in these tunnels must
\ -3 -



be continusd. Tt should be rendered easier by the aquipmant, optical

and mechanical, which we have acquired., The reoessity far a thoerough
study of the interfsrometer msthods being developed in Germany is too ob-
vious t0 moed stressing here, but it might be mentioned that the large
interferometer reported by Smelt as being developed at Brunswick is no
longer thare, Srelt, who saw this magnificent instrument in operation,
reports that among other refimsments the prism adjustmentis were mo torf zed
8o that the final adjustments could be made in positlon. It took simul-
tansously an ardinary Schlieren picture of the field and a picture of
the {nterference bands A (Fig., 7). The latter picture can be interpretsd
to give the density changes throughout the field and from these (by using
the front stagnation points as a acale) can be deduced the velocity dia-
tridution. The two instruments left at LFA are by Zeiss, The field is
apallsr (from memory 7 in. x 5 in.) the ad justment ia clumsier and accar-
ding to Schmitt, the Schlieren and interference pictwures are not saimilta-
DaOUS ,

The pictures reproducsd in Fig.7 were picked up at Brunswick and
wore presumably taken in the large interferomster now gons. Batter pice.
turas of the interference bards than those shown ¢an be obtained, but
this group shows the set up of an sarofoll and ths simaltaneous Schlisren
photographs at a number of Mach Namgbers, '

2.l Dse of the ascond Throat.

Scveral of the supsrsonic tunnels mmke use of the following de-
vics for increasing their sfficiency. Flaxible walls are arranged at the
exit from the working section, When supersonic flow has been established
these walls are immsdiately brought nearer together to form a second
throat., The partial recompression thys produced {sentropically results
in the final shock being very weak and thus the ovarall loss is very much
reduced. In the intermittent tunmsls which operate by discharge from the
atmosphere into an svacuated chamber, this chamber can, by the above ar-
rangement, be used to a higher pressure befure the spoed is affected than
would be otherwiss possibles,

2.2. Soma Tunnel Resulis (See also Ref, 26 &27)

The result of the above mentioned concantration on fundarentals
has been the collection of a certain amount of data of a highly useful
general nature. For example, a systematic series of serofeils had een
stucied up to M = 0.88 with varying t/c¢ and varying position of ths maxi-
mum thickress Also pressure plotting of various series of
winge had been dope and a number of sxperiments on sweepbadk
had been made

Tn the DVL tunnel drag was normelly studied on a wing of aspect
ratic 5 to %4, chord =35 cm., by pllot comb behind the cerire section but
soms considerable distance downstream {in the expansion ¢one in fact).
The low total head loas just outside of the cere of the wake {(noticed
here also) is explained by the lower end of ths schock breaxirg up into
a multiple shock, Since ths frent waves of the subdivision are inclined,
the total loss 48 less than would occur if the [rasssure rise took place

- b -
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through one narmal shook, The thsary of the farked shock is discusasd
fully by Weize Some experiments had apperently bsen mede on &
tadpole-like aerofoil in ar attempt to bresk up the shock under cordi -
tions when it would otherwise heve remained single.

The work done at DVL on aesrofoils at high subsonic speeds has
erabled Gothert to form some definite opinions. Hs considers that Rey-
polds number has a wvery marked sffect on the position and type of the
shock wave, This is explained by the effect of scale on the boundary
laysr thicknass, The thicker the boundary layer the more easily cen the
downstream effects be propagated along it past tha inner edge of the
supersonic region. With no boundary layer the pressure rise at the ahock
would be very sudden, The thicker the layer the more gradual becomee the
pressure rise. ‘

Thus any pressurs plots over a wing, obtained in a tunnel, which
do not show a fairly sharp pressure rise are considered as suspect. It
should be borne in mind, however, that unsteadiness of the shock wave
will mroduce a similar effest,

Gothert alsoc considered that for s high speed asroplane the sym-
mestrical sestion is superior to the cambered. Whils the shock may occwr
earlisr on the formsr, boundary layer differences make it so mich less
violent that the cambersd wection beccmes definitely inferior at higher
apaads,

Trajiling edge angle is considered to be an Important paramstar,
and a rough DVL rule for the T.E, angle is that the mroduct of the pisi-
tion of the maximum thicknesa, sxpresssd as a percentsge of the ohori,
and the traiiing edge angle, in degrees, should not exceed about 4. 5.

2.3 Tnarel=-Flight Comparison

Gothert statad that good agreement had been obtained on tunnel-
flight comparisons up to M = 0.85% on the Me 262, Turther checks bave also
besn obtained by dropping model fuselagess and bombs from great heights and
obearving (oztically %%) the rate of descent.

2.4 Iransiiion.

Observations of transition in the tunnel were made by starting
with a clsan metel surface on the wing, After 10 minutss running suffi-
cient 011 is deposited from the air in the turbulent region to show up the
transition eclearly = or alternatively to show the wedge shaped regions of
turbvulence mwoduced dy local {mperfections.

2.5 Swmaapback.

It will be some time before all the German infarmation is collec-
ted, Tt sesms that under favorable circumstances about half the thearst-
ical gain can be expected, Some early results published in 1941 are shown
in Fig. 22, Gothert now considers 1t desirable to cut off the wing tips
parallsl to the plane of symmetry and not at right angles to the wing
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cantre 1line as was done in thess sarly experiments, Work has bosn done
on the effect of sweepback on maximum, 11ft, The increment in maxiumum
1ift dus to flaps is very much reduced by swsepback,

2.6 FEntries at Supsrsonic Spesds.

Busemann showed an attempt toreduce the loss at entry to the
d¢iffuser of a supsrscnie tunnel, Two dimensionally the idea is to push
forward a wedge midway between the wides of the entry duct until the
'bowwave' from the wedge just fall on the leading sdges of the entry and
S0 do not extend further. In this condd tion there is no main bowwave
from the combination as a whole and so losses are reduced. It is known
here (Ref,25) that thsre are tmo possible values of the angls defining
the shock wave from the wedge. Busemsnn stated that he had succesded in
obtaining both of these, in fact by displacing the wedge to one side he
had accidentally obtained both at once, one on one side and ons on the
othar. '

3« High Speed Tunnsl Dacign.
Dealing with the larger type of tunnel, designed primarily to
work at Mach numbers just under, but close to unity, there were two tun-
nels in use (Nos. 1 and 2) and two (Nos, 3 and 4) under comstruetion,

In ganeral, cooling was by air axchange in the return sircuit,so
Yhat tis working section pressurs wes about half atmospheric, Tt is
claimei that the Power Factors were very much better than we achieve hers,
80 it appears that a very generous margin was provided on horsspower, The
very low power consumption is to be attributed mrimarily to the very long
expansion cone used for all these tunnelas rasulting in very low power
loss on the first bends., A breakway originally occurred in the DVL tun-
nel, which caused static pressure fluctuations of the order 4 3. out tHis was
reduced to+ % tw the insertion of a net ar wie grid mlfwsy down the dfffuser, The
mesh of this gridwas mich more open at the edges than over ths rezaining area
whers the wires were about 3mm, diameter x 20 mm. pitech, The grid was
tied back at the edges by long wires or cables arranged so that the
whole had sufficient resilisnce to stop a mdel, Several times in the
past slx years, models have broken away and have besn successfully held
in the grid. With the net in position, values of the power factor
¢laimed for the DVL tunnel are

M P.F.
Ouhy 0,12
0.7 0.087
0.95 0,081

The LFA tunnsl had a similar safety device ir a slichtly more developsd
form. 011 shock absorbsrs were provided to anchor the ends of the main
cables holding the grid. 6 -



3.1 Contxaation Cons apl Torking 3ecticun.
An examination of the longitudinal sections (Figs, 9~12) shows

thet whils the contraction cones are generally simdlar to ours, the tran-
sition betwsen the cons and the working section is wvery much shortsr and

sharper than in the R.A.X, tunnel., A similar remark epplies to the cif-

fuser.,

302 *

The effect of this sharp transiticn betwsen the oontraction cons
and the working section on the vslocity along tha wall in the empty tun-
nel at high spesds 1s interesting, It appears that the low pressure re-
gion moduced resulted in a slightly higher velocity at the front end of
the working section (on the wall at least) c.f., Mig.6. At high speed,
the wall velocity in the R.A.R, tunnel rises to a peak some way down the
empty working section and then falls off. Examctly the opposite occurs
in the DVL tunnel, whare the thiekening boundary laysr doss not produce
a throat until the end of the warking section.

. The DVL method of measuring velooity is.to use & very
long statis tube placed parellel to the axis and projecting
forward from the diffuser where it is carried on wires. The
total head is assumed constant and equal to that in the
settling chamber. The discrepency in top speed is possibly
pertly 1o be accounted for by different methods of calibration.

¥Yhen & model is put in the tunnel, the whole condition chengss,
espscially at high subsonic speeds, and in the mresent state of ouwr
Xnowledge it is not possible to argue the relative merits of tunnels
from their characteristies when empty. In this connection, it has been
remarked that Cermsn results on model tests sre often given up to N =
0.92 or higher, whersas no R.A.E., results have been given hitherto above
Mz 0.83. ¥hile it iz possible that our calibration is slightly in
error (due perhaps to insufficient allowance having been made for the
Preszence of the support strut mentioned above) there are two other
Possible causes of the differences, The firat is that smaller models were
Rrobably used in Germsny, the Reynold's number being raised by pressure
rather than size. The second posaible cause lies in dirfersnt blockage
|, tarrections,

3'3 mm. -
In this country, foa the sake of uniformity, we have continusd
to uame the linsar perturbation theory to evaluate block-

4gs carrections, although we have realized that it probadbly gave values
-7 -



which were t0o low at the extrems upper snd of the apeed range., This
has been demonstrated in several R.A.E, papers recently, but it 1s dif.
ficult to decide on the exact amcunt by which the linear perturdation
theory requires carrection in any perticular cass, except perhaps twoe
dimsnsional experiments, Tt appears that in certain simple cassa, the
Germans have beean using the wall pressure mmthod which was developed in
this country also, This is known to give a greater correction than the
lingar perturbation theory et high Mach mimbers, but neither here nor ¢n
Germany has it yet bean shown to be satisfactawy for complete models,
since considerable complications are introduced by the presence of the
supports, In both countries, the thecretical values of the nscessary
factere have been evaluated for certain cases., Gothert divides the wall
increment by 3 for two dimensional casea and by 2 for three dimencional
cases, which seems to us to be ar oversimplification

4. Construction of Tunpela.

Circular sectlons seem to be favoared in Germany for all perts of
the duct of subsorie tunnsls, but in spite of this, the favorits meterial
is conerate, The shall dces not have a continuous foundation as in owr
tunnels but is shuttered externally to & c¢ircular form supported at in-
tervale by external ribs, Thess ribs in turn are carried on concrets
pedes als with a reinforced concrete hinge. Thus tha tunmel «3 & whole
is frsely supported and free to expand, In the LFA Tunnel a very great
deal of trcuble was experienced from dust thought to be given off by the
concrete. A rubber coating, aprayed in saveral coats over the inside of
the concrete, had been tried but we gathered that thes dust problem had
not been solved, This is not surprising in view of the troublss we have
had even with steel conatruction.

5’ mm.

Cooling 1s mostly effected by air exchange in the return ecireuit,
a method which does not readily lend {tself to the control of humidi ty.
Certainly some, and posaibly all of the Cerman tunnels run hotter than
ours, which in i{tself provides some allsviation of the moisture difficul-
ty. .
This method was used in LFA Tunnel A7 (No.ll) which at the conmsn-
cexent of an experimesnt, was run continuously until the temperaturs had
risen enough to dry the air. In Ab no provision is made and the incoming
8ir mst often be relatively moist, In the similar tunnel at Xochel a
silica gel screen surrounds the mouth of the tunnel and acts like a heat
exchanger, that is, it is intermittently dried by dry air being pessed
eutwards through it, The incoming mir thus first meets the lsas dry si-
lica gel on the outside, and as it pasmes through and becomma less moiat,
1t passes the drier arystals on the inside, This permits working for
concsiderable periods without complets dsasiceation of the silica gele A
silica gel drier can also bs seen on the tunnels at Gottingen., ZExperi-
ence at Kochel shows that the slight dust from the sf l1ica gel causes some
abrasion of the models,

.8-
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] Swept baek supparts are favored by Gothert as shown in Fig., 1.
< The point of attachmant to the wing should be at 60% chord, or further
back if possible. In addition to having a lowsr drag, the swept back
rrangement spreads the shock on the atrut, or betwesn the struts, over
different tunnel sections and Gothert considers that this mey reduse the
general disturbance in the tunnel, For fusslages, Gothert supports tha
] model by a spindle from behind, but the spindle is offset from the center

of the model by an inclined strut. The central spindle is considerad to
have an undesirable stabilizing effect on tim waks.

T »

J DVL was fitted with & propeller moter of 180 H.P, (dimensions of
motor excluding fairing are 25 em, diamster x 80 em, long). This is used
for propellsrs about 1 metre diame ter., The thrust is obtained by measur.
ing, electrically, ths shaft tension, This obviously includes the forces
on the spinner, thus Ppresenting a serious problem which apparsntly has
not been completely solved, 4t high values of M, the longitudinal force

]f‘rcm the spinner mmy be 5 times the propeller thrust. Experimenta were in
band to test a propellar running at supersonie speeds, The hub waa large
80 that the Mach number of the inner end of the blade was 1.3 while that

]at the tip was 2,0. The thickness ratio varied from 8 at the root to 4%
&t the tip, The efficiency was expacted to be high due to ths lowsr drag
coefficients which occur after the velocity of sound has been passed,

] 8. Tunnpal atmadiness.

As already mentioned considerable immrovement was effectsd in the
DYL tunnel by a suitable screen halfway down the diffuser but the turt .-
lence Iroblem does not in general seem to have been treated so sariour ly
in Germany as in America. The Germens seam to rely to a great exter: on
Sphere measuremsnts, (Prandtl was evidently developing a thrse elemsnt

]hot wire unit to obtain, by shedow msthods, the velocity socumponent ecorre-
lations in turbulent flow).

Busemann and Fggink showed work dealing with shock waves ruabing
Upstream in oper and elosed Jet tunnels at high subsonic wind velooi ties,
Theas were caussd by disturbances on the edges of the jet, or , in the
Case of closed jet tunnels,by treakevay in the diffuser, As the Much
]ntl-mber 1s raised these disturbances travel more slowly but thsy becom
Stronger, It appears that they are able to cause the fluctustions of
Shock waves often cbserved on a model ving. Photographs were shown dem-

Ratrating that whan the travelling waves were abssnt, ths shosk above g
hg becarm stationary,

1%

dididd XA XB LTA vt L, 83 = N85 3P

Prof. Prandtl demonstrated a presaure gnuge which is zaid to

t pressures down to air spesads of adout 1 cm/sec, This eonsis-
(tig.2) of o glass rod bent accurately to an arc of a eirclé. The
]‘3‘3 is suspended at the centre of the arc on a fitre so that 28 it rotates
) R a horizental plans) it passes freely through a hole in a plate form-
t:G the dividing wall of the chamber, The mressure difference 1s applied
] Opposite aides of this plate and so causgs rotation of the rof abvout

- 9 -
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the arc center, egainst the fibre torqus. All connecting tubes mst be
large snough to provent frioction errors dus to the slight flow through

the leak at the rod.

1t was considered that the minimum size of Pitot mouth for this
gaugs was about 2mm, dismeter,

Considsrable use has besn made of water tunnels for work whieh
i{n this country would have been done in a wind tunnel. There are three
tunnels of this type in the AVA, the largest (Fig. 16) baving a test sec-
tion 75 x 100 cm, ani a meximum spesd of 20 ft/sec. The other two
tunpels ars much smaller, A4 full description of thess tunnels was
brousht back (Ref,.li). The tunnels are of the usual retwrn circuit lay-
out used for wind tunnals and bave closed warking ssctions with glass
sides. In addition, the EWA has a small water tunnsl on the same linas,
but with an open working section, the space around the fres jet being
filled with air which cen be put under very low pressures. For the sams
Raynolds Number and model size, the water tunnel gives foroces 4.5 that of
air, bat the speed is reduced in the ratic 1/13.15. The low aspsed en-
ables fluctuating flows to be convenisntly obzarved and this seems to be
one 37 the main advantages of this type of tunnel, It is particularly
cor mnlsnt for unsteady flows such as ccow during flutter, dbut 1t has
2l.0 besr found useful ia such problems as the design of rediator ducts,
by showing where breakaway occurs, The models are of transparent mater-
ial., By steadily lowering the pressure round the jet until cavitation
occurs on the model an indication was obtained of the position and magni-
tuds of the maximum suction,

The KWA arrangemsnt gives constant pressures across the taat
sectic. and was being used to orvtain the external shapes of turbine
nace.ls antries having constant velocity over the surfacs only slightly
above the forward speed, The behavior of the nacelle in combination with
the wing could be observed over a rangs of incidences.

11, Stabllity of lamipar Flow.

11.1 York in U.S.A.

Prof, Milliken of C,I.T, was at Brunswick and he mentioned
that an important report on this subjact fs about to be 1ssusd
in U,3.A. The new thecrstical apmroach avoids the weakness of
the original treatment by Schliichting, and when the stability
boundaries are recalculated by the new method, even better agras-
ment with expesrimental results is obtained than before. Prof.
Milliken was, howaver, very doubtful about the possibilitiss of
sxtensive laminar flow under practical flviag conditions,

L]

11,2 ¥ork at Gottinzsn.
Toe work was discussed with Prof. Betz, Prof. Tollmisn ard
Ir., Pretach.

-10-
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Prof. Tollmian atated hs had shown that, at very large
Reynolds Number, the velocity profile would develop an inflec.
tion and would bes unstable. He had devsloped a rigorous methes-
mtical treatmsnt of the effect of a disturbance in the lamipar
boundary layer and this has besn ussd by Pretsch to caleculate
the variation of the stability boundaries with Reynolds Mumber
for & largs renge of pressure gradisnts both stabilizing and
destabilizing, Dr. Pretsch's paper, which won the Iiljenthal
Gesellschaft Competition in 1940, gives a very clear account of
the work, and a copy was supplied to us In Fig. 8,
the ratio of 2%'x displacement thickness to wavelength of the
disturbance is plotted against the Reynolds Number of the
boundary layer. The Reynolds Number is based on the displace-
ment thickness of the boundary layer. The curves show the
boundaries within which disturbances are magnified as the flow
passes from lsft to right across the diagram. The values of B
give the velocity gradient from the relation U a 4 B/(2 «B).
¥hen B is zero, the velocity gradient is zero and values -0.1,
1l and 2 of B correspond respectively to values =2, 7 and 12 of
the Polhauser paramster, i.s,

42 gy

v d4x, It will be seen that with
incresss of B, 1.8, of the stabilizing gradient, the left hand
boundary of the curves does not move bayond Reynolda Number of
about 14,000, Thue, disturbances are liable to amplification
for Reynclds numbers higher than 14,000, if the disturbances con-
tain components of suftabls frequences, even with a high stabili-
zing velocity gradient,

In & fu-ther paper, Pretsch shows that by sucking the
boundary layer into the surface =0 that it does not incressze in
thicknees as it moves downstream, & great increass in ths stabi-
lity region is possible. The stable region is increased 80 times
and the excitement of disturbances is ope ssventh, Prof, Betz
seemed to be of the opinion that laminar flow at flight Reynolds
Number would only be possiblas if some scheme on these lines was
adapted, They stated, however, that no suitabls experimsntal
work had besn done on this subject. What comperison thsre is
with thecary suggests that the stabllity eariterion demanded may
be unnecessarily high, for even in a rather turbulent tunmel,
the distance from the leading edge to the transition point is
abcut twice that from the leading edge to the point whers
thmcretical instability begins, Of course, a 1little distance is
required for the oscillations to duild up, and the tunmel flow
Day have been particularly free from the disturbance frequency
ffective at the minimum Peynclde Number. The matter requires
ich oonsideration., Work in U,%.A, has completely confirced
the theory in showing the amplification which an artificial dis-
turbame of definite frequency recsives, but more informetion is
eded on the effect of the random disturbances ocourring under
tlight conditions. 1 - .



Beglstance Of Surface L)

Tark under Prof, Trapdtl at XKWA
T™e KWA is well equipped with apparatus for fundamental ressarch
on turbulence, boundary laysr, effect of temperaturs on boundary layer
stability and measurements at very low apssd, and also for woark on cavi-
tation. Prof, Prandtl is anxious to have his laboratary completely
spearate from the AVA so that it can continue as part of the University
to work on fundarental probleme. He c¢laims that ths low speed apparatus
might for example be used to investigate the physiological effect of
draughts. Its use in the study of mine ventilation is obvious,

12,

e 0 C L.
.

Profs Prandtl drew our attention to recent work on the drag of
obstructions and surface imperfections in a turbulent boundary layer, 4
portion of the surface urder test was carried by a sensitive balance and
the drag of the various imperfection, e.g. rivet heads, was found from
the incrsase of resistance when they were added to this portion of the
surfaces. A copy of the report giving the latest rasults (UM 6619) was
brought back.

The repart should be of great value in assesaing the
drag of an aeroplane whose performance is disappointing.

1t
- L]

A very big effart had been mmde at Gottingen to mrovide
apparatus for this research. At a rough guess buildinga and
equipment were being srected to the valus of perhaps half a
million pounds, When the large tunnel being construsted was
accidentally destroyed by fire (in 1943 %) they moceeded to
repalr it, but for lack of labor the mroject was finally
abandoned after the heavy Hamburg raid., The cark insulation
seems to have burned with almost expolsive violerce dus, it was
suggested, to its being impregnatad with some gms given off by
the bitumen, It is considered that the fire was caused by
welding, but at the inguiry the poasibility of spontansous
combustion was sariously considered.

13.2 Smell Icing Tunnel (Fig. 15).

This tunmel is only a few square feet in working area but
1t sesms to have been used a great deal and there are many
#ritten reports in Gottingen on icing of bombs, wing alots, etc.
The cooler was of the liquid type.

13.2.1. Fater Inieciion.

The actual mouths of the spray nozzles are heated by
water jackets., Air and water pressure to the ‘nozzles can be
varied ané so the drop size controlled, The type of nozzls used
(Pig.3) was calidbrated in Berlin by Prof. Gottirgen for drap
3ize spectrum against air ard water pressure and this calibra-

tion is accepted. An optical method of calibration was ussd but
- 12 =



the details eppsar to be unknown in Gobttingen. Betz thinke that
scattered light was used,

An interesting piece of information is contained in Fig.}h
which is an attempt to reproduce a sketch made by Dr. Ritz. BHe
pointed out that the worst icing will occur at adbout the climb-
ing speed of a fighter, just when it is trying to e¢limb through
the jcipg layer. 4t top spsed it may not be so bad., Mich work
seems to have been done in this tunnel on the development of the
large tunnmel,

13.3 large.lcing Tunnal (Fig.17).

As slready mentioned this was burned out and 18 in
gemi-repaired state. The compressors, electrical machinery and
the fans all ssem to have been recently delivered and so are un-
sffected by the firs,

13.3.1 Barking Seciion. Is of open type with a maximum
diamster of 4 m. which can be replaced dy a smallsr nozzle of
elliptical section.

70 m/s

Max, air speed € 1 atnos,
' 130 m/s

] ] Il/lo .

Air ducts were provided so that a full size motor
eould be tested running in the working ssction undear any condi.
tions of velocity, pressure or temperature, The stecl parts for
the nozzle and collectors wers being used as air raid protection
for motors etc. on other tunmels.,

13.3.2 Collector and Fxpansion Coba.
Thie geve & preliminary expansion (perhaps x2)
which was found necessary in order to keep down the ¢ircumferen-
tial speed required on the rotors R;.

13.3.3 Retors.

Rotating cylinders are arranged to assist in the
expansion at the first bends, ard similar rotors help the air
round the (contracting) corners at the other end. No flanges &xe
Decessary on the latter rotors. For the expansion rotors Dr,
Ritz sketchsd soms experimsntal results and an attempt has been
mde to reproduce these in Fig, Sa & Hb.

The distribution A is with no roter. With end
flanges and a spesd equal to t-e local speed in the potential
fileld, unifarm distribution of welocity as at C was obtained.
The flanges deal with the crcazz flow in the boundary layer on
the floor and roof. The diame>ar was 2jm. There was no tend-
ency for the rotors to collsct ize,

- 13 -
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A similar systen had been itried successfully far
duct entries.

13.3.4. Fans (1600 H.P.), These seemd to be single stage
variable pitch. 4ll the piteh changing mechanisms seemed to be
on the sites. The blades were stesl fabtricated arcund a spindle,

13.3.5. GCooler. The coolar was of plain piping with ammonia
insids. To avoid too muoch difference in head, the cooler was in
thres sections at threes different levels. The ammonia was com-
pressed in four atages, tha firat two being rotary and the second
two reciprocating.

The total sapacity waa:

2 x 10° cal per hour at -60° C
(or roughly 3,160 H.P,)

No liquid air cooler, surfacs cr pipe was used.

13.3.6. Insulation and Pressira Ssal.

The insulation was of cork arranged so that nowhere
was the low temperature allowed to get at the conurete. This
meant that the thickest insulation was on the inner walls A to
allow the flow of heat from top and bottom in the concrete to
overcoms the loss through the cark, From memory there was about
12 ¢n, on A and 6 to 7 in, on B,

All the outside at "a" was covered with aluminum
foil, several layers set in bitumen. Thia was to hold the air
pressure (vacuwm) and to prevent the ususl trouble of moisture
Penotrating tha comrete,

13.,3.,7. Ice Duat.
Apparently Dr. Ritz 4id not think that thls would
accumilate in the air or that it would matter.

13.3.8. Smravs.

A similar system was to be used as already de- |
scrided for the small tunpel. Dr, Ritz is confident that the
water drops beccme fully suparcooled in & very short distance and
certainly befoare they reach the model,

+

U, SoNClisIons,

The effort being put into pure aercdynamic research was very
great and substantial progreas had been made. The optical equipment es-
pecially 1s noteworthiy.



et mad

Bd B B Bd R

The tunnels are &ll of much larger power than ours.
Pressure is not under ocontrol and so Reynold's Number
oannot be kept constent with verying Mach number - perhaps
&n unnecessary fefinement if the scale is large enough. The
circular section may be desirable but it certainly has some

disadvanteges.

Much can probably be learned by & closer study of the
German transonic and supersonic tunnels and by messursments
of the degree and type of unsteadiness of the larger tunnels.

In Brunswick there are full size tunnels of different

types which could be used to supply far more information than
could ever be obtained from a model.
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Particulnrs of Sane German Tunnels

. No. Tunnel Working Maximum HP Type of | Working 1ig. Remarks
Section ¥aclhh No.|Available| Section | Presswre No.
” (metres)

1 DVL Berlin 2.7 dia. 0.95 17,000 Closed 0.5 9

2 | LFA Brunswick| 2.8 " 0.95 16,000 " 0.9 10

AZ

3 | Munich 3.0 0.85 " 05 11 Tacomplebe

4 | ommnieh (Otztal) 8.0 0.9% 100,000 " 0.5 12 Tneanplote

5 LA A 8.0 " 0.23 10,000 " 1.0 13
5 Q.mwﬁ._.s.mmﬂ 7 x b7 0.26 2,400 Open 0.% Lo 3 1l Ynyinh e Pressure
_ or Hub x40 | 0.30 u "
i
: 7 GBtbingen 1.0 x 0.75 B.7{t3/sca) 60 Cleosed 16 Woeter Tunnel
| ater .

8 G¥ttingen L0 dias 1038 to 1,600 Open Uet to 1,0 17 Tcanplebe

Icing 0.2

_ 9 o..@wmwsmmz Snall 15 Working 3ection
M leing Wout L L7

10 | LFA A6 0.4 x 0.4 J 1,300 | Closed 16 Intenaittent

or 0.0 x Q.3
11 IFA AT 0.25 x U.25 L 1,007 0.0 to 1.0 18
or D.p x 0.4

16—



A

piston.

Table 1 (Gon.l.)
No.| Tunnsl Working MNax i mum HP Type of{ Woarking | Fig. Remarks
Section Mach Available!Section|{ Pressure{ No.
{Metres) | No.
12 [ ILFA A9 (a) 0.9 dia. 1.0% 16,000 | Open (0.1 to 1,0} 19 & 20
13 ! LFA A9 (b) 0.8 * 1.5 16,000 | Closed }0.1 to 1.0} 19 & 21
1 11Fa A) 2.5 " or| 0,16 375 | Open 1.0
3.0 x 2,2
15 {DVL Beriin 1,2 d1a. 0.18 250
16| * . 2.5 dia, 0.18 500
7" N 8x6 o 7x5| 0.21 2,750 | Open
8¢ ¢ . 4.0 dia. | 0,12 Vertical Spinning Tunnel
20 (Darmstadt 2 dia, 0.17 Open
21 -d0- 4 dia, 0.12 ’
22 doe O.m dia. QQMW '
23 (Ainring 1.0 dia. Free Flight Tunnsl
2h ~do- 1.0 d4a, Blower Turmel For V1 Mot Tests
25 | Stuttgert/Ruit | 0.56 dia, | 0.1l0 Non return, low turbulence
6 «d0- Variable 0.53 Intermittent, operated by

~17-



Remarks

Table 1 (Contd.)
No. Tunnel i Working Maximum He Type aof ! Working Fig.
I Section Mach No. | Available| Section | Pressure No.
i (metres)
27 Stuttgart/Ruit| 1.0 dia. 0.15
28 —do~ 0.8 x 1.2 0.06
|
29 ~do= 0.3 dia. 0.75
|
30 Sonthofen 0.8 Refrigerated Tunnel
31 ~do- 0.1 dia ) Up to
52 ~dc— 0.2 ¢ 2.5
33 ~do= 0.3 "
54 Munich 0.4 x 0.4 2.9
35 ~do- 0.25 x 0.25
36 ~dcm 0.4 dia. Low
37 -do~- 2 dia. Low Cpen

No balance
Blower Tunnel

Driven wy steam

or o2ir injection

Tamperabure
down to -60°C.

Hotors wp to
3000 1P

ot assembled

Not assembled.
Intermi ttent.

—r ——————— iy
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Apperdix
] Wind Tunnels at L.F. A, Brunswigk

] The following deseription of theses tunnels angmenting the informa -
tion given earlier and in Table 1 has been collectsd from a variety of
]sources notably notes by McKinnon Wood and Smelt.

This low speed small tunmel was equipped with two overhead balance
ars each carrying 6 self balaneing remote reading steelyard units, Two
imilar units were used for speed contro,

- Junnel A.2. Fig, 10
J This tunnel can be arranged to work either "straight through® or with
& return circuit, The change over is affacted by moving the two upper
ascedes and opening the roof at the ends of the building (see Fig. 10).
fbis was probably intended for tests of jets or rockets, The balance is a
componsnt rescording type enclosed in an airtight glasa case below the
tunnel so that it is kept at the warking section pressure, The contra-
Iotating fans are driven by two motors having a total capacity of 12,000
H¥, for 5 mns, (Speed 200 to 600 r/m.) The working section (2.8m
¢lameter) increases 1 em, in diameter in the total length of 4m, In common
ith the D.V.L. tunnel the cooling air is injected into the return cir-
Iuit stream by msans of an elaborate errangement of aerofoil faired jets
¥hich of course are not used when the tunnel is running *straight througH.

] Twseran.

This large tunnel (Fig. 13) was built for two alternative systems of

J;ir removal. With both, the externsl air enters by admixture with the
*ts The air removal system which was found to be satisfactory and which
ras alweys used consisted of an ad justables opening in the nose of the long
:°dy 2hoad of the fan boss - the air ultirately leaving the tunnel through
tdial vanga, The stepped gap just inside the collectar was provided for

:n alternative exchange system 10 to 2(% of air seems to have been ex-
J:'h&n@d- The power factor was about 0.37. The usual pulsation of flow in

OPeh jet tunnel was experienced., The R.A.E, tabs round the Jet ware
,.g:?d to cause a riss in velocity near the nozzle outlet ard Eiche stated
the trouble was ultimately cured -

‘4
J*) vy the addition of an merofoil ring around the collector edge ari
1 % asystem of alternately inward and outward deflecting vanes

3 8round the nozzle (also used in tunnel No., 6 Table 1)

The

T {hyey Tlow 1a said to be accurate to 1/10 degree ani the velocity dis-

°R excellent over the central 3m rising a little in the outer part,

I
R View of the design low turbulence is hardly to be expected,

J ~19-



A large elaborate six component balance was carried on & rigid
overhead car, The reccrds are printed on tables in the forebuilding,

Far testing power units a travelling floor ear is provided with an
arrangsment whereby the power unit is mounted on oil pads and drag ecanp
bs read on a mmchanical balance,

Tunpel A.ba

This intermittently running tunnel operates by atmospheric air dia.
charging through the working section into a spherical container 30 ft, or
zore in diemster, This container is evacuated by a 1000 K.W, compressar
(Fig. 18) which can also be used for running tunnel A,7, The duration of
a run is under 30 secs, and the tims taken to re-evacuate the sphere aboyt
3 mins. There are two alternative working sections (see Table 1 ) and a
Mach Number of 3 cen be reached with the smaller., No air drier is o
vided on the tunnsl as it stands,

Fig, 13
With the smaller working section this tunnel can run continucusly at
a Mach number of over 3.

With the larger section the tunnel was intended to run intermitiently
(20 sec. run followed by 3 mins, break) but is not clear wiather this was
avar dom.

The tunnel has also been used *atraight through" to atmoaphere for
combustion exparimenta,

The squipment consiasts of:

(a) "Gottingerd typs 3 axis balance
(b) Interfsrometsr by Zeiss
(¢) Spark Generator (10-5 sse.) for use with {b),

Varicus working sections mostly in wood are used in both A.6 and A,7
for different supersonic Mach rumbers,

The second throat is produced by flexing the walls after the estabe
lishment of supersonis flow, (Sae para, 2,1),

Both of thess, Figs, 19, 20, 21, are contimious running each being
operated by a compressor (ration l.4) ard a mtor of 8000 hp. The two
motors can be ¢lutched together to drive oither coampressor which is then
movided with 16000 hp. In both tunnels the discharge can be eithar to
the return cirouit or to atmsphere, The changs over is effected by ro=-
tating the collector at the foot of the Aiffuser through 180°,

The collsctor 1s an interesting feature about which more information
will be obtained, Both tunnels can operate at any pressurs betwsen 0,1
atmosphere and unity.
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To get the low pressures in the opsn throat tunnsl (4,9(a)) a large

eylindrical cover comes down outside the working ssction and seals this
off from the atmoaphsrs.

A.9(b) is fitted with flexible walls at the end of the working sec-
The ad justment points are opsrated by cams driven by chains and
sprockets in such a manner that the walls can be brought together quickly

to the desired form by turning a single apindle after the supersonic flow
iz e2tablishad,

tion,

A.9(a) is reported to suffer from bad vitration of the jet as the

speed of sound is approached. In an attempt to combat this the length
of the open section has besn mads wvariabile.

The noise is 8o bad that while the rest of the buildl ng is sound

proofed, extra sound abscrbing material has been put on the walls of tle
roam housing A.9 (a).

Every tunpel building is provided with a complets workshop and
mchine shop and in addition there are very large Aero machins and wood-
working shops. The main machine shop is elaborately provided with a
varisty of large planing machines, copying machines atec,

The accommodation for staff was on a generous scale and all manner
of mechanical hslps were mrovided. Well fitted out dark rooms were ir

every building and evidence was not lacking of the extensive photo-
graphioc equipusnt which had been in existance.

- 21-— b
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FIG. 21
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