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Obtaining supersonic airflow in transonic wind tunnels and sliced
wall perforation in the test section

Borivoj Blizanac, PhD (Eng)"

By an apropriate modeling of partially opened walls of a wind tunnel, Mach number in the test section can be in-
creased even after air stream sonic velocity has been achieved. This is achieved by conducting air stream to the test
section chambe. For conventional supersonic wind tunnels, supersonic Mach numbers can be obtained by placing the
supersonic nozzle in front of the test section, the contour (shape) of which is being characteristic for each Mach num-
ber. Change in supersonic nozzle contour is very small for a Mach number close to one, thus making small changes in
a Mach number for the closed test section impossible. Additionally, after taking into consideration more difficult
compensation of the boundary layer in the test section for these small changes in the gradient of Mach number (when
M~=1), a need for air removal from the test section into the test section chamber of a transonic wind tunnel becomes

even more pronounced.
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Used acronyms and symbols
M —Mach number

m  —(air) mass flow

A —cross section of a supersonic nozzle (first throttle)
Ay —surface area the model, frontal to the flow direction
H  —height of the transonic wind tunnel test section

3D —three-dimensional test section
2D —two-dimensional test section

Introduction

Y an apropriate modeling of partially opened walls of a

wind tunnel, Mach number in the test section can be in-
creased even after air stream sonic velocity has been ob-
tained, by conducting air stream to the test section chamber.
This is of great significance. For conventional supersonic
wind tunnels, supersonic Mach numbers can be reached by
placing the supersonic nozzle in front of the test section, the
contour (shape) of which is being characteristic for each
Mach number. Change in contour of supersonic nozzle is so
small for Mach numbers close to unity, that a small change
in a Mach number for the closed test section in this range of
M numbers is impossible. This task is also made difficult
by the level of necessary boundary layer compensation in
the test section for these small changes in the Mach number
gradient. Because of these reasons, Mach numbers close to
one have to be obtained by suction of a defined mass of air-
flow to the test section chamber. This has to be done no
matter if the supersonic nozzle is used or not.

There is a difference in air suction (to the test section
chamber) effects for subsonic and supersonic velocity
ranges. In the subsonic range, difference in removed air
mass influences the Mach number distribution in the direc-
tion along the air stream, whereas for the supersonic range
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it influences also the realization of an appropriate Mach
number.

Achieving a supersonic airflow in transonic wind
tunnels

In classical supersonic wind tunnels, supersonic airflow
is being obtained by an appropriate contour of the super-
sonic nozzle. The part of this nozzle down the sonic line
flow direction is predetermined by the condition that all
Mach waves initiated in the part up the air stream have to
be eliminated by an approppriate curvature of the wall ele-
ments in order to provide paralel air stream in the test sec-
tion. The analysis of the nozzle shape shows that expanding
air flow in the nozzle passes through an imaginary opened
wall (parallel to the central line - geometrical axis of the
nozzle) with perpendicular velocities reaching the maxi-
mum in the proximity of the saddle point of the nozzle con-
ture. This is shown in Fig.1.

rigid wall

perpendicular velocity component

Figure 1. Comparison between the classical nozzle and the nozzle with
partially opened walls

The same air flow would be obtained in a case when par-
tially opened walls are realised with controlled local air
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suction through these walls, as in the case of airflow in the
test section with the supersonic nozzle.

When smooth supersonic circulation is achieved in the
transonic test section by means of the sonic partially opened
nozzle, airflow distribution through walls has to be accurat-
ley controled by simulating the same distribution of the
perpendicular velocity component as for the conventional
supersonic nozzle.

The distribution of the perpendicular velocity
component along the partially opened wall can be calcu-
lated by the method of characteristics. Therefore, it is pos-
sible to define theoretically the ratio of opened surfaces in
order to establish nonreflecting airflow in the wind tunnel
test section. Conditions for establishing accurate airflow in
wind tunnels with partially opened walls are less critical;
possibilities for eliminating Mach waves are much greater
and so are the possibilities for obtaining a parallel air
stream. This simplifies the distribution of wall perforations
- slits in the area where uniform supersonic air flow is to be
obtained.

Although the perforated nozzle provides a considerable
advantage because of simplicity of necessary equipment (no
need for a precise supersonic nozzle) it cannot be used in a
wide range of Mach numbers, but only in a very narrow
range above M=1. For realisation of higher Mach numbers
suction of larger air masses is required. For isentropic air-
flow there is a strong correlation between the air mass re-
moved from the air stream bulk in the nozzle with partially
opened walls and the necessary change in the cross section
of the supersonic nozzle in order to provide a particular
Mach number, i.e. dm/m=dA/A. Consequently, on the basis
of eq. (1) it is possible to define necessary air suction from
the airflow bulk for given Mach numbers.

2 agtroa)] ®

The solution of eq. (1) is shown in Fig.2.
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Figure 2. Removed air mass as a function of Mach number in the nozzle
with partially opened walls

In order to obtain Mach number M=1.1 it is necesary to
remove only 0.8 % of air mass from the air stream bulk
through partially opened walls. This value rises to 3 % for
M=1.2, and to 11.5 % for M=1.4. Since air cannot loose
much of its kinetic energy as a consequence of whirlpool
formation in the test section chamber and decreased effi-
ciency of a diffusor, it is not possible to remove huge air
masses. Experimental results [1], show that only relatively

small transonic wind tunnels with the height of t

he test section H <300 mm can achieve M=1.25 and
slighly higher vlues. All larger transonic wind tunnels must
be also equipped with the clasical supersonic nozzle to real-
ise M>1.2.

Slice - perforated section of walls of transonic wind
tunnels

In 1954 a study was carried out in the AEDC in the tran-
sonic model wind tunnel with perpendicular perforations-
slits and the ratio of opened surfaces of 22.5 % aiming to
define a configuration of perforated walls which gives uni-
form airflow in the wind tunnel test section [1]. The study
showed that, for subsonic airflow (subsonic Mach num-
bers), uniform air stream in the test section was easy to be
obtained with clasical configuration of perforated walls, as
shown in Fig.3a, whereas for supersonic flow, (supersonic
Mach numbers), on the other hand, nonuniformity in air-
flow was observed. Very strong overexpansion observed at
the surface of transition from full to perforated walls at su-
personic Mach numbers completely disturbed airflow in the
test section since this initial wave disturbance was only
gradually eliminated by perforated walls.
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Figure 3. Mach number distribution in the perforated test section with
uncontrolled and controlled expansion [1]

In order to continuously eliminate this initial overexpan-
sion, the AEDC, for the first time, applied the concept of
section of sliced perforation, in literature frequently called
the stream (flow) stabilizer or the sonic nozzle, i.e. partial
perforation of a certain shape (Fig.4). This very simple
shape of perforated wall(s) change the character of Mach
number change to a very smooth distribution, as shown in
Fig.3b.
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Figure 4. Schematical representation of the perforated test section with the
slice - perforated section for control of supersonic expansion

The shape of sliced perforation is being approximately
determined on the basis of geometric parameters (i.e. size)
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of the perforated wall and its final shape has to be verified
in experiment, i.e. the shape has to correspond to optimum
conditions of uniform distribution of Mach number in the
supersonic velocity range.

Geometric presentation of sliced perforation is shown in
Fig.5.
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Figure 5. Basic shape of sliced perforation with a tilt angle of 60° and with
shown orientation angles towards flow direction

It has to be underlined that the best results have been
shown by a sheared shape of perforation, as seen in Fig.5,
where every fourth slit on the perforated wall is in air
stream direction. In that way interferring influence of slits
is reduced and their efficiency is increased along with re-
duced flow resistance. The length of the sliced section de-
pends on the width of a wind tunnel in the case of the two-
dimensional (2D) test section, and on the width and height
in the case of the three-dimensional (3D)test section. It is
evident that, the size of perforations changes linearly from
zero, at the beginning, to full perforation at the end of the
sliced section. Usually the length of the sliced section is
around > and % of the height of the test section. For re-
duced dimensions of the wind tunnel test section this length
is commonly up to 1.0 H.

When, for supersonic airflow a conventional supersonic
nozzle is used the problem of obtaining uniform flow is not
that much pronounced.

However, transition from the rigid walls of the super-
sonic nozzle to the partially opened walls of the test section
provides different conditions for the formation of a bound-
ary layer which, with a slight inaccuracy in the conture of
the test section nozzle, can generate irregular distribution of
Mach number in the test section even when the supersonic
nozzle is used. Voluminous experimental work led to the
conclusion that in this case sliced perforation, i.e. sliced po-
rosity, should be used for realising uniform distribution of
Mach number in the wind tunnel.test section. The experi-
mental results obtained in the AEDC show that this test sec-
tion configuration forms uniform airflow field even for
M=1.6 [1], as shown in Fig.6.
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Figure 6. Mach number distribution in the AEDC transonic wind tunnel;
height was 4.88m, with a supersonic nozzle, test section walls were
parallel and the perforation tilt angle was 60° [1]

Conclusion

There is a difference in air suction (into the test section
chamber) effects for subsonic and supersonic velocity
ranges. In the subsonic range, difference in removed air
mass influences the Mach number distribution in the direc-
tion along the air stream, whereas for the supersonic range
it influences, in addition, obtaiming appropriate Mach num-
ber.
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Uspostavljanje supersoni¢nog strujanja vazduha u transoni¢nim
aerotunelima i kriSkasta sekcija perforacije zidova transoni¢nog radnog
dela

Pogodnim oblikovanjem parcijalno otvorenih zidova aerotunela, Mach-ov broj u radnom delu moZe se poveéati i nakon posti-
zanja soni¢ne brzine odvodenjem mase struje vazduha u komoru radnog dela aerotunela. Kod konvencionalnih supersoni¢nih
aerotunela supersoni¢ni Mach-ovi brojevi mogu se uspostaviti postavljanjem supersoni¢nog mlaznika ispred radnog dela, koji
ima odredenu konturu za svaki Mach-ov broj. Promena konture supersoni¢nog mlaznika je vrlo mala u blizini Mach-ovog bro-
ja jednakom jedinici konture supersoni¢nog mlaznika je vrlo mala u blizini Mach-ovog broja jednakom jedinici te je nemoguée
u zatvorenom radnom delu ostvariti vrlo male promene Mach-ovog broja u ovoj oblasti. Ako se pri tome uzme u obzir i oteZana
kompenzacija grani¢nog sloja u radnom delu pri ovim malim promenama u gradijentu Mach-ovog broja u blizini Mach-ovog
broja jednakom jedinici, potreba za odvodenjem vazduha iz radnog dela u komoru radnog dela u komoru radnog dela transo-
ni¢nog aerotunela je jos eksplicitnije izraZena.

Kljucne reci: transoni¢ni aerotunel, radni deo, supersoni¢no strujanje, Mach-ov broj.

Y craHaBnuBaHUE CBEPX3BYKOBOI'O IOTOKA BO3[[yXa B OKOJIO3BYKOBBIX
adpOIMHAMHUYECKUX TPyOax U NJaacTuHA nepdopanun CTEH
OKOJIO3BYKOBOM UCIILITATEIbHOM CEKLIUN

TTopxopsAmuM MOfETHPOBAHAEM JACTUYHO OTKPBITBIX CTEH a3pOAMHAMUIECKON TPyObl, Yncno Maxa B HCIIBITATENEHON CEK-
UMM MOXET YBENWYATCS W TOCHE JOCTIKEHHS 3BYKOBOH CKOPDOCTH OTOOpPOM MacChl IIOTOKa BO3flyXa B KaMepy
HMCNBITATENBHOH CEKOUHM a3pPOAMHAMAYECKOH TpPyObl. Y NPHBBIYHBIX CBEPX3BYKOBBIX a3pPOAMHAMUYECKHX TpPYyO
CBEPX3BYKOBBIEC 4HClIa Maxa MOTYT GBITH ONIPENENICHbI YCTAHOBICEHHEM CBEPX3BYKOBOTO COILIA MEPE]] UCIBITATENLHOM CEK-
1Med, y KOTOPOi yue OmpefeeHHbl nmpodmib st Kaxporo uncia Maxa. VI3smeHenne mpoduiisi CBEPX3BYKOBOI'O COILIA
OYeHb MalleHbKOe BONm3M umciaa Maxa=1, n3-3a 4ero B 3aKpBITON MCHLITATENBHON CEKIWA HEBO3MOYHO YCTAHOBHTH TaKUE
OYEHb MaJIeHbKHE W3MEHEeHns 9ncna Maxa B 3Toil o6nacta. Eciim nmpu 3TOM B35ITh BO BHUIMAaHAE W OCIIOXKHEHHYIO KOMIICH-
Cal[HI0 MMOTPAaHWIHOTO CNOSI B UCIBITATEILHON CEKIMM NPY 3THM MAaJeHbLKAM U3MEHEHWSIM B rpafdeHTe uncia Maxa B6nu3d
M=1, Hyx@ma pang orGopa BO3AyXa W3 WCILITATENHHOH CEKNWM B KaMepy WMCHBITATENBHOH CEKIAM OKOJIO3BYKOBOMH
aspopuHaMIIecKoil TPYOHI BEIpakeHa elne Goltee BEIPa3HTENBHO.

Karouesvtie caosa: OKOJIO3BYKOBasi a3pOTHHaAMHUICCKast pr6a, HCHObITaTCIIbHAS CCKIINA, CBCpXSByKOBOﬁ MOTOK, YrAcHo Maxa.





