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Intereference effects on Z-shaped Model Support Sting
Data in T-38 Wind Tunnel

Dijana Damljanovi¢, BSc (En ?1)
Aleksandar Viti¢, BSc (Eng)

In this paper a brief discussion of the forms of interference occurring in subsonic and transonic test section of the
wind tunnel 7-38 due to the model support system is given. Two types of model attachments, rear normal sting and Z-
shaped sting, are considered. Shapes and magnitude of interference are given for particular examples. Except at the
axial force coefficient C4, the main interference is at the pitching moment coefficient C,,. A procedure for eliminating
the undesired effect is given in this paper
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Used symbols Co —Pitching moment coefficient for a' =0’
—Mach number in the test section of T-38 Ca —Axial force coefficient for ' = 0°
wind tupnel ) ] ACy, —Difference of the normal force
—Stagnation pressure in the test section of coefficients of the model mounted on Z-
the T-38 wind tunnel i shaped and rear normal stings
—Static pressure in the test section of the AC,, —Difference of the pitching moment
T-38 wind tunnel coefficients of the model mounted on the
—Base pressure Z-shaped and rear normal stings
_ Dynamic pressure in the test section of AC,, —Difference of the axial force coefficients
the T-38 wind tunnel of the model mounted on the Z-shaped
—Reynolds number in the test section of the and rear normal stings
T-38 wind tunnel C. measured —Drag force coefficient of the model
—Stagnation temperature in test section of mounted on support sting
T-38 wind tunnel C, —Drag force coefficient of the model
—Referent diameter of the model Wltho}lt support sting .
C. norma sting —Contribution at drag force coefficient
—Length of the model consequence of a rear normal sting
_Diameter of the model support sting C.7 siing —Contribution at drag force coefficient
' ' consequence of a Z-shaped sting
—Effective sting length RSN —Run Sequence Number
o . . 3DTR —Transonic test section identification
Critical sting diameter 3DPO —Subsonic test section identification
—Critical sting length Configuration —Model configuration identifier
—Total angle of model attack v, [°] ~Total angle of fin altlt.u de
o dP, [°] —Total angle of fin straight
—Total angle of model sideslip dR, [°] ~Total angle of fin rotation
—Total angle of model roll Xp — Axis identification (unrotated body axes
—Roll angle of the flow plane system)
. Yp —Axis identification (unrotated body axes
—Normal force coefficient system)
—Pitching moment coefficient Zp —Axis identification (unrotated body axes
— Axial force coefficient system)
_ . 't o Body —Body of the model missile identifier
Normal force coefficient for a” =0 Wing —Wing of the model missile identifier
Fin —Fin of the model missile identifier
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Introduction

OWADAYS very different model support stings are

being used, from simple rear normal sting to the bent
sting with the angle from 90 degrees relation to the
direction of the airflow. Z-shaped stings are also used,
primarily depending on the model geometry and test
program requirements. Experimental aerodynamics has
been dealing with many questions concerning model
support sting interference effects on the data obtained in
trisonic wind tunnels [1-3]. Base pressure and base drag are
significantly affected by the support interference, but also
body drag, lift, static moment and damping derivatives. The
effect of typical sting diameters on the base pressure is
shown in Fig.0145
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Figure 1. The effect of the sting diameter to model base diameter ratio on
the ratio of difference of static and base pressure to the static pressure for
an ogive cylinder model; M =2.97 and MRe = 15, [1]

The effect of Reynolds number on the critical sting
length is shown in Fig.2.
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Figure 2. The effect of Reynolds number on the critical sting length, [1]

Critical sting length, (//D)_ is defined as the shortest

sting length, which does not change the constant base
pressure level, obtained by longer stings. Effective sting
length, / is defined as distance from the model base to the
first large increase of sting diameter (generally a conic taper

to a large diameter). Critical sting diameter, (d/D) is

defined as the largest sting diameter, which does not change
the constant base pressure level, obtained by smaller
diameter stings. Figures 3 and 4 show AGARD B and
AGARD C calibration models with lengths and diameters of
the model support stings, the effects of which are
insignificant for the wind tunnels data.
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Figure 4. AGARD C model

The P22 model is chosen for the experiment. The test
program has been conducted for the purpose of evaluating
Z-shaped model support sting effects on the measurements
data. The majority of this program has used aerodynamics
forces and moments as interference indicators. The model
base pressure was not measured because of fuselage rear
part shape. The experiment was initiated for the purpose of
improving the understanding of some problems associated
with Z-shaped model support sting at subsonic and
transonic Mach numbers in the T-38 wind tunnel.

Wind Tunnel T-38

T38 wind tunnel in VTI is a blowdown-type pressurized
wind tunnel with 1.5 x 1.5 m square test section. Fig.5
shows P22 model in the test section of the T38 wind tunnel.
The test section for subsonic and supersonic tests has solid
walls and for transonic tests a section with porosity walls is
inserted in to the tunnel configuration. The porosity of
walls can be varied between 1.5% and 8% depending on the
Mach number to achieve the best flow quality.

Figure 5. P22 model in the test section of the T38 wind tunnel
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Mach numbers in the range 0.2 to 4.0 can be achieved in
the test section with Reynolds numbers up to 115 million
per meter. Sidewall flaps in the tunnel diffuser set Mach
number in the subsonic configuration. In the supersonic
configuration Mach number is set by the flexible nozzle
contour, while in the transonic configuration Mach number
is set both by the sidewall flaps and the flexible nozzle and
actively regulated by blow-off system. Mach number can be
set and regulated to within 0.3% of the nominal value.

Stagnation pressure in the test section can be maintained
between 1.1 and 15 bar depending on the Mach number and
of regulated to 0.3% of the nominal value. Run times are in
the range the 6 s to 60 s depending on the Mach number
and stagnation pressure.

Model in the test section is supported by the rear normal
or Z-shaped sting mounted on a pitch-and-roll mechanism.
It is possible to achieve the desired aerodynamic angles by
this mechanism, in the pitch angle range —12° to +21° and
in the roll angle range 0° to 360°. The facility supports both
continuous and step-by-step model movements during
measurement. Position accuracy is £0.05° in the pitch and
10.25° in the roll.

Instrumentation, data recording and data
reduction

The stagnation pressure £y in the test section was
measured by Mensor quartz bourdon tube absolute pressure
transducers pneumatically connected to a pitot probe in the
settling chamber of the wind tunnel. Range of the used
transducers is 7 bar. The nonlinearity and hysteresis of this
transducer is typically 0.02 % F.S. A calibration of the
transducer was performed using a Mensor quartz secondary
pressure standard.

The difference Pst — By between the stagnation and
static pressure in the subsonic test section was measured by
a Mensor quartz bourdon tube differential pressure
transducer pneumatically connected to the pitot probe and
to an orifice on the test section sidewall. The range of this
transducer is 1.75 bar. The nonlinearity and hysteresis of
this transducer is also 0.02 % F.S. This transducer was
calibrated in the same manner as the B, transducer.

The static pressure Ps¢ in the transonic test section was
measured by a Mensor quartz bourdon tube absolute
pressure transducer pneumatically connected to an orifice
on the sidewall of the test section. The range of this
transducer is 1.75 bar. The nonlinearity and hysteresis of
this transducer is also 0.02 % F.S. This transducer was
calibrated in the same manner as the B, transducer.

The stagnation temperature 7, was measured by a RTD
probe in the settling chamber of the wind tunnel. The
accuracy of this transducer is approximately 0.5 K.

Resolvers mounted on the mechanism measured the
pitching and rolling angles of the model support. The
resolution of the pitching angle resolver is £0.05° and of the
rolling angle resolver is £0.25°.

The VTI40A4 internal six-component strain gage balance
measured aerodynamic forces and moments acting on the

model. The accuracy of the used balance is approximately
0.3% F.S. The balance was calibrated prior to testing [4]. In
these wind tunnel tests the balance was mounted on Z -
shaped sting and rear normal sting.

The output of a precision digital clock was sampled
synchronously with other channels in order to serve as time
base for the segmentation of data.

The data acquisition system consisted of Teledyne 64
channels “front-end” controlled by PC Compag computer.
The front-end channels for flow parameters transducers
were set with 10 Hz, fourth-order low pass Butterworth
filters and appropriate amplification.

In order to minimize the differences in time lags on
various channels during model sweep, the channels for six
balance components were set with 30 Hz low pass filters of
the same type. In order to compensate for the poorer
filtering on these channels these signals were additionally
filtered during the data reduction by a 3 Hz non-causal low
pass digital filter.

The data from all analog channels were digitized by a
16-bit resolution 4/D converter with overall accuracy of the
acquisition system being about 0.1% F.S. of the channels
signal range. All channels were sampled with the same 200
samples/s rate.

Digitized data were received on a Compaq AlphaServer
DS20F computer and stored on a disk for later reduction.

Data reduction was performed after each run, using the
standard T38 Application Sofiware package in use with
wind tunnel facility. It was done in several stages, i.e.:

- Data acquisition system interfacing and signal normali-
zation;

- Determination of flow parameters;

- Determination of model attitude;

- Determination of aerodynamic coefficients.
A different software module was performing each stage.
The axes system used for presenting the results in this
report is the unrotated body axes system, (see Fig.6). The
origin of this axes system is in the model reference point.
The Xp axis is parallel to the longitudinal axis and positive

towards the tail of the model. The Zp axis lies in a plane

whose orientation is chosen as parallel to the “nominal”
orientation of the flow plane (i.e. in the pitch plane model
support mechanism) and it is positive in the same direction
as the cross-flow component of the air velocity relative to
the model when «' is positive. The Yp axis completes the
right-hand coordinate system. The angle of attack «' is the
angle between the projection of the air velocity vector on
the XpZp plane and model axis. The angle S’ is the angle

between the air velocity vector and the XpZp plane. The
roll angle ¢' is the angle between the model plane of the
left-right symmetry and the XpZp plane. The third
aerodynamic angle ¢, describes the position of the XpZp

plane relative to the wind tunnel vertical plane of the
symmetry, when both «' and f' are equal to zero.
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Az

Figure 6. Axes system used in data reduction

Model

The P22 model has a cylindrical body with wings,
horizontal and vertical tail. The length of the model was
chosen with respect to the tunnel test section size,
determining the scaling of the other dimensions. Basic
model dimensions are given in Figures 7 and 8.

For these tests, a multi-piece steel-and-aluminum model
was made. It was designed, manufactured, checked and
assembled in the workshop of the Military Technical
Institute. Checking of the model dimensions showed that it
was in accordance with the requirements.

Model support stings

Most model support stings used in the T-38 wind tunnel
have been manufactured in the workshop of the Military
Technical Institute. There are a wide variety of differently
shaped stings available: straight, bent, Z-shaped and other
special stings.

In the first part of the testing, the P22 model was
mounted on a Z-shaped sting shown in Fig.7. The diameter
of the straight part of the Z-shaped sting is 50 mm. To see
what effects of the used Z-shaped sting on aerodynamic
results are, in the second part of the testing, P22 model was
mounted on a rear normal sting shown in Fig.8.

Figure 7. P22 model mounted on Z-shaped sting

Figure 8. P22 model mounted on rear normal sting

Test program with Z-shaped and rear normal
stings
A general summary of the test program for the P22 model
mounted on a Z-shaped sting is given in Table 1.

Table 1.
RSN | Configuration | M Nll}{n?’ b}:(t)r ¢ | av° | dP° | dR°
49 Body 095 | 3.56 [ 230 | 0 - - -
10 BodyWingFin | 0.3 1.78 [ 250 | O 0 0 0
86 | BodyWingFin | 0.7 | 3.06 | 230 | 0 0 0 0
4 BodyWingFin | 0.95 | 3.55 | 230 | 0 0 0 0

A general summary of the test program for the P22 model
mounted on a rear normal sting is given in Table 2.

Table 2.

RSN | Configuration | M B;I/I:r?’ blzr ¢ | dV° | dP° | dR®
125 Body 095 | 3.50 | 230 | 0 - - -
130 | BodyWingFin | 0.3 1.64 | 250 | 0 0 0 0
129 | BodyWingFin | 0.7 | 3.03 | 230 | 0 0 0 0
126 | BodyWingFin | 0.95 | 3.50 | 230 | 0 0 0 0

Test results are available at Mach number M = 0.95 for
Body model configuration for both Z-shaped sting and rear
normal sting.

Test results are available at Mach numbers M = 0.3, M =
0.7 and M = 0.95 for BodyWingFin model configuration for
both Z-shaped sting and rear normal sting.

Results and Discussion

Figures 9 - 11 show the aerodynamic coefficients Cy ,
C,, and C, for Body model configuration mounted on the
Z -shaped and rear normal stings.

Figures 12 - 20 show the aerodynamic coefficients Cy , C,,
and C, for BodyWingFin model configuration mounted on
the Z-shaped and rear normal stings.
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A general summary of the interference effects for this
particular model configuration is given in Tables 3 - 6.

Table 3. Interference effects of the sting type on aerodynamic coefficients
for M =0.95

MODEL CONFIGURATION |RSN | Cyo | Cno | Cao |REMARKS
BODY ON Z-SHAPED STING | 49 [0.053}-0.092| 0.1055 | ALFA’=0

BODY ON REAR NORMAL

STING 125 |-0.004{0.040| 0.0875 | ALFA’=0

ACno, ACo, ACxpg 0.0571-0.132 0.018 | ALFA’=0

Table 4. Interference effects of the sting type on aerodynamic coefficients
for M =0.30

MODEL CONFIGURATION [RSN | Cxo | Cmo | Cao |REMARKS
BODY WINGFIN .
ON Z.SHAPED STING 10 {0.058]-0.110| 0.1288 | ALFA’=0
BODY WINGFIN .
ON REAR NORMAL STING | 130 0-01410.065 0.1229 | ALFA’=0
ACno, ACno, ACao 0.0441-0.045 0.006 | ALFA’=0

Table 5. Interference effects of the sting type on aerodynamic coefficients
for M =0.70

MODEL CONFIGURATION RSN | Cyo | Cno | Cao |REMARKS
BODY WINGFIN "
ON Z-SHAPED STING 86 (0.080[-0.209 0.1514 | ALFA’=0
BODY WINGFIN -
ON REAR NORMAL STING 129 [0.081[-0.079 0.1157 | ALFA’=0

ACxo, ACino, ACag -0.0011-0.130] 0.0357 | ALFA’=0

Table 6. Interference effects of the sting type on aerodynamic coefficients
for M =0.95

MODEL CONFIGURATION |RSN| Cyo | Cno | Cao |REMARKS
BODY WINGFIN "
ON Z-SHAPED STING 4 10.178}-0.603|0.1883| ALFA’=0
BODY WINGFIN -
ON REAR NORMAL STING 126 (0.132}-0.081/0.1401| ALFA’=0

ACno, ACino, ACag 0.046-0.522(0.0482| ALFA’=0

In Figures 21 - 23 these effects are shown in the form of
graphs. The difference of coefficients ACy, AC,,y and ACy,
from wind tunnel testing of the P22 model on Z-shaped and
rear normal stings is given as function of Mach number.
The biggest interference effects of the sting type on the test
results as function of Mach number are noticeable in that
way. Symbol “0” means that the aecrodynamic coefficients
are for the model angle of attack o’ = 0°. From these graphs
it can be concluded that the interference effects of the Z-
shaped sting are the smallest at normal force coefficient Cyy
and significant at pitching moment coefficient C,,y and axial
force coefficient Cyy.

It should be noted that the analysis did not determine the
absolute interference of the Z-shaped sting on the test
results of aerodynamic measurement on P22 model, but
relative, as difference of Z-shaped and rear normal stings
interference. Furthermore, the test results are valid only for
P22 model and they will take different values for other
models of testing. The obtained test results can not be
generalized. Experiment has shown that there are
significant differences in the obtained test results using Z-
shaped sting and rear normal sting, which was confirmed
during P22 model wind tunnel testing.

It was seen that it is not possible to physically eliminate
the sting interference effects on the model data. However,
there is a possibility for eliminating the sting interference
effects, for e.g. through these three steps.
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In the first step, (see Fig.24) the model mounting-sting is
a rear normal sting. Drag force coefficient for the model is:

Cx measured — Cx + Cx normal sting (A)

Ci normaisting 1S the contribution at drag force coefficient
consequence of the rear normal sting.

Figure 24.
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In the second step, (see Fig.25), the model mounting-
sting is the Z-shaped sting and rear normal sting is leaned
against the model. Drag force coefficient for the model is:

meeasured = Cx + Cx Z sting + Cx normal sting (B)

C.7ing 18 the contribution at drag force coefficient
consequence of the Z-shaped sting.

Figure 25.

And, finally, in the third step, (see Fig.26), the model
mounting-sting is the Z-shaped sting. Drag force coefficient
for the model is:

Cimeasured = C +Cx 2 sting (C)

Figure 26.

If equation C is subtracted from equation B, the
contribution at drag force coefficient consequence of a rear
normal sting is obtained.

B-C= Cvc normal sting (D)

If equation D is subtracted from equation 4, the “true”
drag force coefficient is obtained.

A-D=C, (E)

It is shown that it is possible to eliminate the sting
interference effects on the model data through serial
measurements.

Conclusions

Some collected results from the wind tunnel tests with
P22 model confirm the existence of significant interference
terms from the Z-shaped sting on the model. It is shown
that Z-shaped sting will create a gradient of pressure on the
rear body giving rise to an axial buoyancy force. Z-shaped
sting produces the change of pressure on the lower surface
of the horizontal tail with changing of the aerodynamic
force on the tail and pitching moment. Interference effects
from the Z-shaped sting are rising with Mach number
increasing.

The interference cannot be physically eliminated and its
effects will have to be allowed for in the planning of test
experiments in the wind tunnel 738. Interference of the Z-
shaped sting on the results of the measurement could be
reduced to the minimum level if the tested model is without
rear tails. The other possibility is to use the suggested
procedure.

References

[1] ALAN POPE, KENNITH GOIN, High-speed Wind Tunnel testing,
John Wiley and sons, Inc London.

[2] CARTERE.C.: Interference effects of model support systems,
Aircraft Research Association Limited Manton Lane, Bedford, UK

[3] TUNNEL,P.J.: An investigation of sting support interference on base
pressure and fore body chord force at Mach numbers from 0 to 1.3,
NACA RM A54K16A

[4] JANJIKOPANII,G.: Bazdarenje aerovage VTI40A4, Vojnotehnicki
institut, Beograd.

Received: 10.07.2004.

Uticaj Z drzaca modela na rezultate merenja u aerotunelu T-38

U radu je data analiza uticaja drZaca modela na rezultate merenja u subsoni¢nom i transonicnom radnom delu
aerotunela T-38. Razmatrana su dva tipa drZac¢a modela, prav repni i Z drza¢. Dat je oblik drZaca i veli¢ina uticaja

za neke posebne slucajeve. Osim na Koeficijentu aksijalne sile C,, glavni uticaj je na koeficijentu momenta

propinjanja C, . U radu je dat opis procedure za eliminisanje ovog neZeljenog efekta.

Kljucne reci: aerodinamicki tunel, aerodinamicko ispitivanje, aerodinamicki model, aerodinamicki koeficijenti,

subsoni¢no strujanje, transoni¢no strujanje.

Bnvsiaue Z-CcTOMKY MOIENN HA PE3YJILTAThI A3MEPEHNUS B
aspoguHaMuueckon Tpyoe T-38

B Hacrosmeit paboTre nMpuBefEH aHaNM3 BJIMSHUS CTOMKH MOJE]HM HAa PE3yJbTAaThl H3MEPEHHS B NO3BYKOBOH M B
OKOJIO3BYKOBOIi paboydX 4acTsX aspofuHaMIdecKoii TpyOsl T-38. 3meck paccMOTpEHEI [iBa THIIA CTOEK MOJIENH,
cdaconHble Kak NPSMOM XBOCT B Z - croiika. Toxke NpmBefeHa KOH(HIypalus CTOWKF M CTENECHb BIMSHHES IS
HEKOTOPLIX 0CO0BIX ciiygaee. Kpome Bimsinus Ha Koadduumente oceBoi cuibl C, IIaBHOE BIASHAE OKA3bIBACTCH
Ha K03(cbmmmente MoMenTa TaHraxa C,. B paGoTe ommcaHa MeTOfHKa [ YCTPaHEHHS] 3TOTO HEHYKHOTO M

HeXenaTelbHoro addexra.

Karwwuesvie caosa: aspopuHaMmdecKas Tpy6a, aspoAHHAMAYECKOE HCCIEOBAHWE, a3pONUHAMEYECKAas MOJENb,
aspofaHaMAYECKHE KO3 PUINEHTH], JO3BYKOBOI MOTOK, OKOJIO3BYKOBOM IIOTOK.
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Interférence du support du modéle sur les résultats des mesurements
dans la soufflerie aérodynamique T-38

Dans ce papier on donne I’analyse de ’interférence du support de modéle sur les résultats des mesurements effectués
dans la chambre d’expérience subsonique et transsonique de la soufflerie aérodynamique T-38. On a considéré deux
types de supports du modéle: support normal arriére et celui en forme de Z. Pour certains cas particuliers on a donné
la forme du support ainsi que la magnitude de ’interférence. Excepté I’interférence sur le coefficient de la force axiale
C,, interférence principale est sur le coefficient du moment de tangage C,. On a présenté aussi la description de la
procédure pour éliminer cet effet indésirable.

Mots clés: soufflerie aérodynamique, essai aérodynamique, modéle aérodynamique, coefficients aérodynamiques,
courant supersonique, courant transsonique.



