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1. Scope—As a simulation of road driving, wind tunnel testing of full-size vehicles produces certain errors in the
aerodynamic forces, aerodynamic moments, and surface pressures. The magnitude of these errors, in
general, depends on the following:

Flow quality

Determination of the reference dynamic pressure

Wind tunnel floor boundary layer

Test section geometry and position of the car within that geometry

Shape of the vehicle

Blockage ratio: The ratio of the cross-sectional area of the vehicle to the cross-sectional area of the
wind tunnel nozzle

g. Wheel rotation

h. Internal flow in the model

~ooo0ow

The SAE Standards Committee, Open Throat Wind Tunnel Adjustments had as a goal to document the
knowledge of the influence of model interference on wind tunnel test results for automotive open jet wind
tunnels. This document contains the following information related to this subject:

a. Design data of open throat wind tunnels

b. A summary of published and unpublished test data

c. Documentation and theoretical explanation of various blockage correction procedures for automotive
tests

d. Critical evaluation of blockage correction procedures, especially in relation to other influences, such as
test section geometry, position of the car, floor boundary layer, etc.

e. Recommendation of a calibration procedure to determine the effect of blockage and other influences
in each individual wind tunnel

An initial goal of the committee, to recommend a well proven correction procedure for automotive open jet wind
tunnels based on blockage theory (Figure 1), could not be established at this time. The reason is that, besides
blockage, other factors, such as test section geometry, are at least as influential as pure blockage. As these
influential parameters are wind tunnel specific, a general valid adjustment procedure is presently not available.
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Clean Blockage means:

O no boundary layer effects

O no nozzle effects

O no collector/model interaction

O no buoyancy effects (i.e. longitudinal
static pressure gradient)

Wind Tunnel with closed test section

Streamlined body /
in open test section

Biuff body in open test section

Blockage Area Ratio A/Ay

FIGURE 1—PURE MODEL SIZE INFLUENCE

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein. Unless otherwise indicated the lastest revision of SAE publications shall apply.

2.1.1 SAE PuBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Automotive Aerodynamic Research Over Past 50 Years in Germany, Great Britain, Italy, United States,
SAE Paper 700035, 1970

Comparison Tests Between Major European Automotive Wind Tunnels.
SAE Paper 800140, Detroit, 1980

Comparison Tests Between Major European and North American Automotive Wind Tunnels
SAE Paper 830301, Detroit, 1983
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4. Cogotti, A. et al.
Comparison Test Between Some Full-Scale European Automotive Wind Tunnels - Pininfarina
Reference Car
SAE Paper 800139, Detroit, 1980
5. Costelli, A. et al.
FIAT Research Center Reference Car: Correlation Tests Between Four Full Scale European Wind
Tunnels and Road
SAE Paper 810187, Detroit, 1981
6. Carr, G.W., Stapleford, W.R.
Blockage Effects in Automotive Wind-Tunnel Testing
SAE Paper 860093/1986
7. Mercker, E.
General Consideration About Blockage Correction in Open Jet Wind Tunnels
SAE Subcommittee No. 9 - Communication (1987)
8. Janssen, L.J., Domeland, P, Lindener, N.
The New BMW Acoustic Wind Tunnel
Paper planned for SAE Congress, Detroit, February 1990
9. Janssen, L.J., Lindener, N., Mullenbach, P, VAGT, J.-D.
Measurement of Tunnel Speed and Static Reference Pressure in Open Jet Automotive Wind Tunnels
Paper planned for SAE Congress, Detroit, February 1990
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Verdrangungskorrektur fiir rechteckige Windkanale bei verschiedenen Strahlbegrenzungen und bei
exzentrischer Lage des Modells
Z. Flugwiss. 9 (1961), p. 15
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Die Verdrangungskorrekturen in Unterschallwindkanalen und die Grenzen ihrer Anwendbarkeit
Z. Flugwiss. 20 (1972), p. 261
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Zur Geschwindigkeitskorrektur in Windkanalen mit freier Mebstrecke unter besonderer Beriicksichti-
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7. Mercker, E.
A Blockage Correction for Automotive Testing in a Wind Tunnel With Closed Test Section
J. Wind Engineering and Industrial Aerodynamics, 22 (1986)
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A Theory of the Blockage Effects on Bluff Bodies and Stalled Wings in a Closed Wind Tunnel
ARC, R & M 3400, 1961
9. Sachs, P.
Wind Forces in Engineering
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Subsonic Wind Tunnel Wall Corrections
AGARDograph 109, 1966
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Measured Blockage Effects on Bluff Bodies in Closed and Open Wind Tunnels
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3. Description of Open Jet Automotive Wind Tunnels—For automotive applications, an open jet wind tunnel is
a wind tunnel where the test section is three-fourths open and the road is represented by a level floor. For
historical reasons (2.1.1 (1) and 2.1.2 (1)), open jet wind tunnels for automotive testing are used mainly in
Europe. Their principal advantages are as follows:

a. Theoretically lower absolute values of blockage correction compared to closed test sections
b. Easy access to the test section

In designing open jet wind tunnels, the control of the flow quality data is a major problem. Based on the
available data and the experience of the members of the committee, the flow quality data that are generally
sufficient, and (in any case) achievable, in an open jet wind tunnel for automotive testing are given in Table 1.

TABLE 1—FLOW QUALITY FOR OPEN THROAT TEST SECTIONS
- EXISTING MINIMUM REQUIREMENT

Existing Minimum Requirement

Angularity Da

in pitch (deg) £+05
Angularity Db

in yaw (deg) £+£05
Uniformity of Dv

flow velocity (%) £+£1.0
Turbulence Tux

intensity (%) £05

Pressure Level Dcp

variation ) <0.01

Length of D1/L

pressure level ) 3103 15 ®
Displacement d

thickness (mm) 10% of the ground clearance

1. Some experimental results (Vagt SAE 88) suggest that for larger blockage ratios (>5% — 10%) the length of
constant pressure level should be increased.
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The test section geometrical parameters of various open jet wind tunnels used for full-scale automotive testing
are given in Table 2. Table 3 gives the data for tunnels that are used for scale model testing. The effect of
these geometrical parameters is superimposed on blockage effects in open jet wind tunnels, as will be shown

later.
TABLE 2—OPEN TEST SECTION GEOMETRY OF LARGE TUNNELS
(FOR FULL-SCALE TESTING)

WT Owner

WT Part Dimension BMWAE BMW AC DB FIAT FORD PININF. PORSCHE VW IVK
Nozzle Exit Area m?2 20.02 10.0 32.64 30.0 23.75 11.75 22.3 375 22.45
Nozzle Width m 5.77 4.0 74 7.0 6.0 5.0 6.2 7.5 5.8
Nozzle Height m 3.47 2.828 4.9 4.6 4.0 2.9 3.6 5.0 3.87
Nozzle Contraction - 3.66 3.0 3.6 4.0 4.0 6.5 6.06 4.0 4411
Ratio
Test Section Length m 10.02 9.83 10.0 105 10.5 8.0 13.5 10.0 9.5
T-S Surr. Bound. Width m 10.34 13.74 148 12.2 15.0 9.6 12.7 17.0 15.0
T-S Surr. Bound. Height m 5.30 5.72 7.5 10.8 85 4.2 6.85 13.0 85
Model. Ref. Point - 0.471 0.356 05 0.55 0.39 0.46 0.41 0.43 0.474
x/IL (TS)
Collector Cross Section m?2 22.12 22.64 47.4 405 29.73 17.33 42.2 44.8 26.5
Collector Width m 6.01 5.66 85 7.8 6.68 6.2 8.7 8.0 6.354
Collector Height m 3.68 4.0 6.5 5.6 4.45 3.5 4.85 5.6 4.166
Maximum Speed m/s 50 70 70 56 51 54 64 50 75
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TABLE 3—OPEN TEST SECTION GEOMETRY OF SMALL TUNNELS
(FOR SCALE MODEL TESTING)

WT Owner
Dimen-

WT Part sion Aachen Aachen DB DLR DLR DLR FIAT FORD IVK PORSCHE VOLVO VW
Nozzle Exit m2 1.0 2.69 1.64 8.61 8.1 1.53 4.0 8.64 1.654 1.4 4125 6.0
Area
Nozzle Width m 1.1 2.0 1.5 3.25 3.0 1.3 2.4 3.65 1.575 1.55 2.4 3.0
Nozzle Height m 1.1 1.4 1.096 2.65 2.7 1.18 1.7 2.44 1.05 0.9 1.73 2.0
Nozzle Contrac- - 3.3 2.57 6.0 5.6 5.44 491 7.0 11.0 4,988 6.06 6.25 6.0
tion Ratio
Test Section m 1.83 4.0 2.8 6.0 6.0 2.48 4.0 6.1 2578 3.38 8.82 6.0
Length
T-S Surr. m 8.65 5.74 515 164 8.0 4.8 5.7 15.0 6.85 3.42 6.06 6.5
Bound. Width
T-S Surr. m 4.0 2.85 2.35 9.5 5.9 5.2 6.4 8.5 3.39 1.84 4.0 4.0
Bound. Height
Model Ref. - 0.55 0.38 0.46 0.43 0.48 0.5 0.4 0.41 0.474 041 0.283 0.42
Point x/L (TS)

Collector Cross m?2 1.45 4.2 2.3 10.26 17.0 1.84 7.6 11.33 1921 2.66 12.25 6.9
Section

Collector Width m 1.32 2.4 1.85 3.67 5.15 15 3.3 4.12 1.712 2.18 35 3.0
Collector Height m 1.32 1.7 1.3 2.8 3.3 1.28 2.3 2.75 1.122 1.22 35 2.3
Maximum Speed m/s 42 38 65 75 65 55 70 84 80 64 53 50

The data given in Tables 1, 2, and 3 are also an indication of the range of flow quality and test section design
data for which the following discussions about blockage corrections are valid. The data are based on the
present experience of the committee members. The definition of the various values is as follows:

a. Standard Control Box Test Volume: All flow quality parameters will be related to a standard control box
test volume. The test vollume size is defined as:

Length = 100% of typical vehicle length

Height =100% of typical vehicle height

Width = 100% of typical vehicle width for nonyawed conditions
= 200% of typical vehicle width for yawed conditions
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b. Angularity in Flow Direction: The angularity in pitch, Da, is the maximum tolerable local deviation of
flow pitch angle in a control volume. It is defined as the angle between the flow direction and the x-axis
of the ground plane (x-y-plane), positive for upward incident flow. The angularity in yaw, Db, is the
maximum tolerable local deviation of flow yaw angle in a control volume. It is defined as the angle
between the flow direction and the x-axis in the vertical x-z-plane, positive for incident flow from left to
right (looking upstream).

c. Uniformity of Flow Velocity: The uniformity of flow velocity, DV = (V-V¥)/V¥, is given in percent, DV is
the maximum tolerable flow velocity deviation in a control volume, with V as local stream wise velocity,
except in boundary layer regions, and V¥ as the magnitude of the total relative airflow vector.

d. Turbulence Intensity: Tu, is the maximum tolerable turbulence intensity in the stream wise direction in
a control volume.

e. Constant Pressure Conditions: The maximum tolerable local static pressure deviation is Dc,, = (p-p¥)/
0¥, where p¥ denotes the mean value in the region from car front to base plane.

The length of this "constant" pressure plateau in the test section, D1, is related to the car length L.
Constant means that the pressure deviation is less than, or equal to, DC,,.

f. Displacement Thickness: v

d* = (§1 -V ov¥)dy (Eq. 1)

¥

is the maximum tolerable displacement thickness at the origin of the coordinate system (in general, the
center of the balance) with a stream velocity V¥ = 140 km/h and no car in the test section.

4, Literature Survey of Open Jet Automotive Wind Tunnels - Model Interference—BY far, the majority of the
papers on blockage effects in wind tunnels are concerned with closed test sections. Only a few papers present
theoretical investigations on the blockage in open jet wind tunnels. The experimental papers (2.1.1 (2) to 2.1.1
(6) and 2.1.2 (2)) do not distinguish between blockage and other parameters influencing measurement.
Therefore, the results are rather inconclusive and show mainly that each wind tunnel has its own wind tunnel
specific behavior, which is related both to the boundary condition consequent on the tunnel (test section)
design and to blockage.

4.1 Theoretical/Semitheoretical Approaches—In the case of solid blockage, the theoretical investigations on
open wind tunnel blockage are based on the work of Lock (see 2.1.2 (3)). Lock considered the velocity
difference in the test section due to the model and derived the equation:

DVav¥ =t | (AmA, )32 (Eq. 2)
where:

DV = velocity difference due to blockage

t = test section boundary specific blockage coefficient
I = model specific coefficient

A = maximum model cross-sectional area

Ay = wind tunnel cross section

The change in the drag is related to the velocity difference.
D,y = (1+(DVaVy)) 2~1+2 (DVaVy) (Eq. 3)
where:

D,, = measured drag
Dy = drag in unconfined flow
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For the mathematical approach, which is based on the method of mirror imaging, Lock approximated the test
section by a flow with the cross section of the wind tunnel nozzle with infinite length. The model is represented
by a doublet producing the same velocity field at a large distance. The straight and parallel test section
boundaries are simulated by double, infinite rows of doublets of equal strength. For a solid wall these doublets
have the same sign as the doublet in the test section. For free boundaries, e.g., an open jet wind tunnel, the
sign is reversed.

Based on Lock's theory, Wist (see 2.1.2 (4)) has calculated blockage corrections for wind tunnels with
rectangular cross sections and various test section boundaries. Wist carried out the calculations for central
and eccentric positions of the model. The model itself was simulated, as in Lock's work, by a doublet. The
blockage correction factor is, therefore, related to the center point of the model only.

Figure 2 gives a summary of the most important results of Wist's calculations. Shown is the test section
boundary coefficient t versus aspect ratio, H{/Bt, of a rectangular test section with different test section
boundary conditions. Lock derived information about the model specific coefficient | . Figure 3 shows | versus
the slenderness, L/D, for bodies of revolution with different curvature.
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FIGURE 2—TEST SECTION BOUNDARY FACTOR t (WIND TUNNEL FACTOR)
AS A FUNCTION OF THE CROSS SECTION RATIO FOR VARIOUS BOUNDARIES
AFTER REFERENCE 2.1.2 (4), MODEL PLACED IN CENTERLINE
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FIGURE 3—MODEL SHAPE FACTOR | AS A FUNCTION OF RELATIVE
THICKNESS FOR VARIOUS BODIES OF REVOLUTION
AFTER REFERENCE 2.1.2 (4), MODEL PLACED IN CENTERLINE
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The information presented in Figures 2 and 3 is valid for a model centered in the test section. Figure 4 shows
results of calculations by Wiist for a model position vertically eccentric in an open test section with ground
plate.

Considering the car only in such three-fourths open test sections, the eccentricity of the model is in the range
of - 0.75 £ E/Ht £ - 0.5, leading to test section boundary coefficients -1 >t > - 8, but in car aerodynamics the
ground plate representing the road surface belongs to the model. Therefore, it is necessary to substitute the
original test condition, i.e., a model near to a boundary of the jet by a system where the test section is imaged
at the ground plate. Now the model and also the ground plate are centered. In the new system, the height is
equal to the width of the original one and the new width is twice the old height. Under these circumstances the
aspect ratio is in the region of 0.7, leading to t = +0.85 for the closed test section and t = - 0.3 for the open test
section.

Whereas Wiist calculated the test section boundary coefficient t only for the location of the model center,
Schulz (see 2.1.2 (5)) extended Wiust's considerations and included the variation of the blockage factor t over
the whole cross section of the test section for centered and for eccentric model position. Schulz calculated the
distribution of the pertubation velocities over the whole cross section. Thus, he could show the difference
between the model centerline and a point on the model surface, assuming for the model a simple body of
revolution. From the nonhomogeneous velocity distribution, Schulz calculated correction factors for the test
section dynamic pressure. Figure 5 shows the dynamic pressure correction factor versus blockage for a
rectangular closed test section and an open jet test section with aspect ratio Hy/Bt = 0.7. For blockage ratios
A/Ay > 0.05, the difference between model centerline and circumference becomes noticeable.
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The above mentioned investigations are valid only for bodies of revolution situated far from the regions of
influence of the nozzle and the collector, in the case of a real wind tunnel. Kiichemann and Vandrey (see 2.1.2
(6)) have investigated how the velocity upstream of a model changes with distance from the nozzle. The
investigation was carried out for bodies described by a doublet and for spheres, in open jet wind tunnels and
closed wind tunnels. The results are presented in Figures 6 and 7. Given are the perturbation velocities as a
function of model to nozzle distance.

8 I

I +
it

0 1
0.8
-4 0.6
0.4
H+/Bt
-8 ,
-0.8 -0.4 0] 0.4 E/H; 0.8

FIGURE 4—DISPLACEMENT CORRECTION FOR THREE-FOURTHS OPEN WIND TUNNEL
AT VARIOUS CROSS SECTION ASPECT RATIOS AND ECCENTRICAL
MODEL POSITION AFTER REFERENCE 2.1.2 (5)

To summarize the various parameters influencing the flow around a model in an open automotive wind tunnel,
which normally are attributed to wind tunnel blockage:

a. The shape of the cross section (aspect ratio) and position of the model reference point in the cross
section (eccentricity) (Figures 2 and 4)

b. Shape of the model (Figure 3)

c. Spatial extension of the model at nonsymmetrical model positions (Figures 4 and 5)

d. Distance between model and nozzle and model and collector, respectively, related to the model length
(Figures 6 and 7)
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FIGURE 5—DYNAMIC PRESSURE CORRECTION AS A FUNCTION OF BLOCKAGE AREA
RATIO AT CLOSED AND OPEN TEST SECTIONS
FOR CENTRIC MODEL POSITION AFTER REFERENCE 2.1.2 (5)
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FIGURE 7—PERTUBATION VELOCITY IN THE CENTER OF A SPHERE
VERSUS DISTANCE TO NOZZLE AFTER REFERENCE 2.1.2 (6)

Mercker (see 2.1.1 (7)) suggested a blockage correction for automotive testing in open jet wind tunnels. He
assumed that the blockage can be assigned to three main causes:

a. Solid blockage effects
b. Wake blockage effects
c. Horizontal buoyancy effects, which can be ascribed to blockage only in an indirect sense

All the effects are assumed to be additive.

qcd (1 +es+es+ew) 2 (Eq. 4)
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Following Lock's work, Mercker (see 2.1.2 (7)) evaluated the solid blockage for automotive testing, taking into
account the slenderness of the model g= L/QA and the model volume V). The correction eg of Equation 4 may
be expressed as:

es=(1=2) gt ((V)\aVT) 32 (Eq. 5)
where:

V+ = tunnel control volume (length of car - cross section of tunnel).

The test section boundary coefficient t may be taken from Wust (see 2.1.2 (4)). See, for example, Figures 2
and 4.

Concerning wake blockage effects, it has been thought for many years that this was negligible in open jet
tunnels. It was thought that the jet expansion in the region of the model compensates exactly for the change of
the effective speed past the model, but this is true only in a restricted sense. For car-like models creating a
considerable wake, the corrections in open jet tunnels are moderately large and opposite in sign to those in
closed tunnels. Following the example of Maskell (see 2.1.2 (8)) for closed tunnels, Sachs (see 2.1.2 (9))
suggested that it should be possible to express the wake blockage effects in open jets in the form of:

ey—K xCp X(ABA) (Eq. 6)

where K is a blockage shape factor. The magnitude and character of the factor K can vary from tunnel to
tunnel according to the precise details of layout and construction of the tunnel.

In order to evaluate the shape factor K, it is necessary to carry out some calibration measurements in the

absence of any solid blockage interference. This can be achieved by measuring the drag coefficient of a series
of square or rectangular flat plates of different size, normal to the flow. Flat plates have virtually no volume,

giving eg = 0.

The horizontal buoyancy effect is due to a possible static pressure gradient along the axis of the test section.
Considering a linear pressure gradient along the length of the model, the buoyancy force may be calculated:

DCpg = — TCp AL x(VM BA) (Ea.7)
So the entire blockage correction formula from Mercker and Sachs will have the form:
qc=q[1+(1=®R)t g(VyV)3R2-KCh(ArA)]2 (Eq. 8)
for the flow quantities, or
Cpc = Cp [1+(12)t g(Vy, V)32 —KC, (ABA) —2+DCpp (Eq. 9)

for the drag coefficient.
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A different approach has been discussed by Rogers (see 2.1.2 (10)), representing a wake by a source and
simulating the boundary conditions by an array of images alternating in sign. The velocity increment
associated with the wake blockage due to the presence of the images is zero, because the alternately positive
and negative infinite sets of images produce zero velocity increment at the model position. The velocity
gradient along the model length, however, is not zero.

Rogers shows that the incremental drag coefficient is the product of the measured drag and the solid blockage

es.
DCpyw = Cp xeg (Eq. 10)
Consequently, the above equation for g reduces to
— 32
dc=q[1+(1=®)t g(Vyadv/y)~ "]2 (Eq. 11)

for the correction of the stream quantities. The entire correction formula for blockage correction for the drag of
a car-like model will then be

Cep = Cpl1+(1m2) t g(Vy Vy) 32—2 +DCpg+DCpyy (Eq. 12)

In conclusion, the aforementioned theoretical or semitheoretical investigations, based on a very simplified
mathematical model, show a large complexity of influence parameters.

Eccentricity of the model, lateral, and vertical extension of the model cross section, unsymmetrical model
position and variation of the distances between nozzle exit and model and, as will be shown later, collector
intake and the model, can have the same or an even larger influence than the blockage ratio (model-to-nozzle
Cross section ratio).

The theoretical investigations are all based on the principle of mirror imaging. Whereas, for a closed test
section, the boundary condition is well defined, it may be questionable for an open jet test section where the
free jet boundary consists of turbulent mixing zones varying in width and lateral velocity gradient with the jet
path length.

4.2 Experiments—The correction formula of Maskell and Sachs (Equation 6) was verified for a special case by
Owen (see 2.1.2 (11)) in the late seventies. In addition to the closed test section experiments, measurements
were also performed in the Royal Aeronautical Establishment (RAE) 5 ft circular open jet tunnel (without
ground plate). Owen used flat square plates for his experiments. The first intention was to use both force and
pressure measurements. At an early stage of the measurements it was found that the drag and base pressure
were markedly affected by the sting and balance used as support and to measure the drag. Only base
pressures were used in the final measurements. The results of the six sharp edge plates are shown in Figure
8. The measurements led to the following approximation due to blockage, based on the method of Maskell:

Cp*ABA <3% Dg =g ~—0.2 XC XA 8A (Eq. 13)
Cp*ADA,<3%  Dgog~—(CpxABAy)°

The maximum geometrical blockage ratio in Owen's test was 6%.

In a test performed by Templin and Raimondo (see 2.1.2 (12)), rectangular flat plates were measured in three
different test section configurations: solid walls, slotted walls with different open area ratio, and an open jet
with ground plane. These plates had geometrical blockages up to 10.9%. The results are shown in Figure 9.
Base pressures were also used as reference in these tests.

Whereas the closed wind tunnel results in Owen's and Templin's experiments agree quite well, the open wind

tunnel results do not.
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FIGURE 8—BLOCKAGE EFFECT ON BASE PRESSURE.
NONLIFTING SQUARE PLATES AFTER REFERENCE 2.1.2 (11)
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FIGURE 9—BLOCKAGE EFFECT ON BASE PRESSURE.
NONLIFTING PLATES AFTER REFERENCE 2.1.2 (12)

From Templin's experiments in the open test section, a g-correction of about 3.5% can be derived at a blockage
area ratio of 5.5%, whereas, from Owen's test, approximately 8% can be deduced at the same blockage area
ratio. The lower values in Templin's test might be a consequence of the long test section used, which was
relatively long in relation to the nozzle dimensions. Thus, there were no, or very little, collector influences.
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For thin circular plates (see 2.1.2 (13)), drag measurements have been conducted for various plate sizes. In
the experiments by Gerhardt and Kramer, the gap between plate and ground board was kept constant due to
the drag measurement technique used. The relative gap height was h/D ~0.2 — 0.8.

The results of the measurements on circular plates show the trend to be expected from the theoretical
considerations discussed before for solid and wake blockage (Figure 10).

1.3
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1-2 i‘l e ————
\CDO =1.22

1.1

1.0

%
—4— | ) |

h = const.
b

_6 T77777777

|

0] 5 10 15 % 20
Blockage Area Ratio A/Ay

FIGURE 10—DRAG COEFFICIENT VERSUS BLOCKAGE
FOR THIN CIRCULAR PLATES AFTER REFERENCE 2.1.2 (13)

In the study by Mercker (see 2.1.2 (14)) a variety of model shapes were tested, including triangular, square and
rectangular blocks with square plan view, and rectangular plates. Pressure measurements in the closed and
open test sections were performed. The correction of the base pressure follows for open jet test sections by
evaluating the cross-sectional area of the jet with and without a model at the model location:

Cobe = Cpp + (n—1)mn (Eq. 14)
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where:

n o =c- (Ap/A)?
Cpne = Corrected base pressure coefficient
Cpp = Measured base pressure coefficient

n = Correction factor

A, = Free cross-sectional area of the jet with model installed

A, = Cross-sectional area of the jet without model

¢ = Proportional factor (c = 1 for geometrical blockage < 25% in open jet)

In this experiment, A, and A, were defined by using the 95% intermittency factor of a turbulent shear layer with
and without a model. The intermittency factor was measured with a hot wire probe.

In Figure 11 four different blockage ratios are corrected in an open jet experiment using the above formula. Itis
evident from the collapse of the open symbols that this method is quite effective.

In paper 2.1.1 (3) the correction formula of Wist (see 2.1.2 (4)) for slender bodies, which is mentioned in 4.1, is
compared with test results of rectangular boxes in the 37.5 m? climatic wind tunnel of VW. The results can be
seen in Figure 12. The low gradient for the open tunnel, especially for low blockages, indicates that the error
for not using a correction method might be small. However, for higher blockages, a compensating effect
generated by the collector might occur because with increasing geometrical blockage, the longitudinal
dimensions also increase and; therefore, the space between the rear end of the model and the collector intake
area is decreased. This will be discussed later in more detail.

In a comparison paper by Cooper (see 2.1.2 (15)) , 1:10 scale trucks were tested in closed and open wind
tunnels. The two trucks used in the tests were well detailed, each having both a high and a low drag
configuration. For the open tunnel, the following correction was applied to the data:

Cp = (Cp,—0.25 DCp*xcosY) (1+0.5ADA,) (Eg. 15)
whereas the data of the closed tunnels were corrected by the formula:

Cp = (Cp,— DCppxcosY) (1+-2AnrA,) (Eq. 16)
where:
Cp = Drag coefficient in body axis coordinates

Cpu = Uncorrected drag coefficient
DCp, = Drag increment due to wake buoyancy

y = Yaw angle
A = Model frontal area
A, = Part of nozzle area above ground plane
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