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Introduction

NUMBER of results for rectangular-shaped bodies have

been published on the dependence of drag coefficient
on such model/flowfield variables as Reynolds number,!-?
fineness ratio,® corner rounding,? and (base) splitter-plate
length.3-> To date, however, only limited experiments have
been conducted wherein drag measurements have been ob-
tained that quantify drag data as a function of elevation, i.e.,
results for raised rectangular cylinders with an air gap between
the model’s base plane and the mounting floor. Results, when
available, have in turn been restricted to either zero-elevation
data (e.g., splitter-plate measurements) or ‘‘elevation indepen-
dent”’ freestream experiments. Investigators have pointed out
the important role of vortex shedding effects on base scaveng-
ing, which causes high base drag (low base pressure) for the
freestream drag experiments. Conversely, high base pressures
experienced by splitter-plate models are consistent with inhibi-
tion of vortex shedding due to plate interference effects.

The current documentation summarizes some recent mea-
surements of rectangular cylinder drag on model elevation. All
results were obtained with a rectangular-shaped model of
1in./0.0254 m base height () in a laboratory scale shock
tube at low shock overpressures (AP = 7.5 psi/51.7 kPa) for
model elevations (HE) from HE/H = 0.125 to 6.00 (free-
stream). Both “‘early’’-time (Af = 1.5 ms) diffraction loads
data and ‘‘late’’-time steady-state results (Af =15 ms) are
presented. Although only clean flow (i.e., dust free) data are
described herein, additional results regarding drag elevation
sensitivity due to berm elevation, shock overpressure, and
dusty boundary-layer flow can be found in Ref. 6.

Experimental Technique

The present experiments were performed in TRW’s 17 in./
0.43 m shock tube. This bursting diaphragm facility incorpo-
rates a burst-on-command capability and a long rectangular
test section (7 in./0.178 mW X 14 in./0.356 mH x 18 ft./5.49
mL). All results as discussed correspond to tests conducted at
a shock overpressure (AP) of approximately 7.5 psi/51.7 kPa
(M, =0.3, Re, y = 2.5 x 10°) and for test times < 15 ms. A
single geometric configuration was used for the investigation
(1 in./0.0254 mH % 0.625 in./0.0159 mW X 6.75 in./0.1715
mL) corresponding, approximately, to a 0.5% scale model of
a typical railroad car design. This model (finess ratio: w/H
= (.625) was supported above the shock tube floor by means
of adjustable aft support brackets and base-installed force
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rings. Fences were also mounted on the base to isolate the
center span base flow from corner/boundary layer bleed ef-
fects. Sensing orifices at the model’s centerline on the forward
and aft faces permitted alternating sensing direction for a
given run pair. Since results for each test condition were
obtained by at least one run pair using alternating pressure
ports, possible biases in derived pressure drag (impact/base
pressure differential) due to minor calibration uncertainties
were alleviated. Therefore, all data as shown are averaged
drag results based on at least one run pair (using alternating
impact/base pressure taps between each individual run). Ca-
bling for the transverse mounted pressure transducers (PCB
model 113A21) and the base force rings (quartz force trans-
ducer, PCB model 201A02) were brought out from the shock
tube interior through sealed side port openings. Electrical and
mechanical isolation for the two pressure transducers was
maintained throughout the experimental program.

Transducer calibrations were performed prior to and after
each shock tube entry. For calibrating the pressure transduc-
ers, a special purpose calibrator with a high pressure tank and
rapid opening solenoid valve was used. As recommended by
the load cell supplier, corresponding force ring calibration
data (force loads) were obtained by monitoring individual
gauge output upon rapid removal of known imposed weights.
Both load rings were pretorqued between precision mounting
surfaces to 30 in.-1b/3.39 m-N torque levels prior to testing/
calibrating, and antifriction washers were utilized to avoid
mounting interference effects. The use of two drag measuring
techniques, impact/base differential pressures and load ring
““forces,”’ not only permits redundancy in measurement but
also provides a means to evaluate dust loading phenomena
and relative uncertainties in developing drag data from re-
liance on centerline tap data alone. -

Results

Results from initial shock tube tests, as performed to obtain
flash shadowgraphs (exposure time =<5 us) of shock diffrac-
tion patterns for the early-time model flowfield are shown in
Fig. 1, for times up to 740 us after shock passage. For these
tests, a solid 0.5% scale model without pressure taps and base
fences was suspended 0.25 in./0.00635 m off the floor by use
of two slender pylons located 1 in. in from each shock tube
side wall. The noted shadowgraph results, which are similar
to the higher resolution interferogram measurements of
Bleakney et al.,” illustrate the nature of the early time shock
process and corner vortex motion for this nonsteady flowfield.
Such data serve to characterize the sequential development of
the base vortices and their subsequent downstream motion in
terms of geometrics and timing.

The “‘characteristic’’ drag coefficient data reviewed herein
include force (CDF), pressure (CDP), base (CDB), and impact
(CDI) drag coefficients. These drag CDs are defined as fol-
lows:

Force: CDF = (Fg + Fy)/(HLq.), where Fr and Fy repre-
sent averaged loads data from the east and west force rings,
respectively, H is the model height (1.0 in./.0254 m), L is the
model span width (6.75 in./0.1715 m), and g is the free-
stream dynamic pressure.

Pressure: CDP = (P; — pg)/q. Here P;and py correspond
to measured impact and base pressure, respectively.

Base: CDB = (P — P3)/ G-

Impact: CDI = CDF - CDB.
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Fig. 1 Shadowgraph photographs of diffraction phase flowfield for elevated rectangular cylinder (AP =17.5 psi/51.7 kPa; 0.25 in./0.00635

m elevation; 1.00 in./0.025 m model base height; 0.625 fineness ratio).

Typical summary plots illustrating the time history behavior
for the four noted CDs are given in Fig. 2. The data as shown
correspond to clean flow runs without berm at a 7.5 psi shock
overpressure test condition and for model elevations of HE/H
= 0.25 (Fig. 2a) and 6.00 (Fig. 2b). Note that a baseline shift
has been applied to the data to accommodate adequate trace
separation. The data for the HE/H = 0.25 test case are char-
acterized by a relatively large early time (diffraction) drag load
(CDP,, ~ 3.5), primarily caused by a sharp decrease in base
pressure (increase in drag), followed by a decay to a more or
less steady-state level (CDFgg = CDFgs = 1.4). Corresponding
drag data for the HE/H = 6.00 case are characterized by
negligible diffraction loads but moderately high late-time
drag forces (CD = 3.0). The numbers noted on the figures
represent approximate average values at the indicated times.
For both overpressure cases, the late-time data demonstrate
that satisfactory correspondence exists between the force and
pressure coefficients, thus providing a favorable redundancy
check on measured results. Similar drag coefficient summaries
for all run pairs considered during the test program are pro-

vided in Ref. 6. For all clean flow measurements, the late-time
CDF and CDP data are found to be in good agreement.

Figure 3 summarizes for the current investigation the depen-
dence of model drag on elevation under clean flow and berm-
free conditions. Data are presented for force drag (CDF),
pressure drag (CDP), and base drag (CDB) as a function of
elevation height (0 < HE/H = 6). Both early-time diffraction
data (f = 1.5 ms) and late-time steady-state results (¢ = 10 ms)
are indicated. Blockage corrections based on the analysis of
Maskel® have been applied to the 6 in./0.1524 m elevation data
to relate CD magnitudes to undisturbed freestream condi-
tions.

Although several observations regarding the data in Fig. 3
merit consideration, two of the most relevant ones are the
substantial reduction in steady-state CD occurring with prox-
imity to the ground surface and the dependence of diffraction
drag on clevation. These trends are noteworthy in that drag
estimates cannot be based on freestream, i.e., ground indepen-
dent data, and instead must be determined under realistic
ground surface simulation conditions. This dependence is as
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Fig. 2. Typical CD coefficient time histories (AP =7.5 psi/51.7 kPa;
clean; without berm).
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Fig. 3. Dependence of drag coefficient on elevation (AP =7.5 psi/
51.7 kPa; clean; without berm).

critical to loads evaluation studies as fineness ratio, Reynolds
number, and corner rounding considerations. Note the favor-
able comparison between the current steady-state data for the
two elevation limit cases, HE —0 and HE -, with earlier
results. >0 Apparently the influence of boundary-layer
buildup (8;0ms = 0.5 in./0.0127 m) on measured CD results is
“small’’ as demonstrated by the favorable agreement of the
low HE data with established splitter-plate results. Also, the
effects of vortex shedding (evidenced by the presence or ab-
sence of periodicity in the CDB data), as already discussed and
reviewed by Bearman® and Vickery,!! can be seen to play a
major role in maintaining low base pressures (high CDB) at
high elevation (HE/H = 6, Fig. 2b) and low CDB at low

elevation where base scavenging due to vortex shedding is
substantially reduced (HE/H = 0.25, Fig. 2a).

Because of the sensitivity of base pressure to the vortex
shedding phenomena, investigators have pointed out that re-
duction in base drag can be achieved by modest geometric
changes that interfere with the vortex generating mechanism.
Such configuration modifications include fineness ratio,’ cor-
ner rounding,? splitter-plate length,> trailing-edge spoiler,’
and surface proximity (current results). Note, for.example, the
onset at late time of periodicity in the CDB signal at HE/
H =6 in Fig. 2b (the vortex shedding ‘‘signature’’) and the
absence of any periodicity for the data for HE/H = 0.25 (e.g.,
Fig. 2a). Since the drag ‘‘beat’’ frequency is typically twice
that of the corner shedding frequency,!? an estimate can be
made as to the Strouhal number (S) for the current study

S =nH/u,
where 7 represents the Strouhal frequency (= 0.5 X drag peri-
odicity), H the model height, and u. the local freestream
velocity. The computed value so derived is seen to be some-
what higher (0.15) than previous measurements (0.13) (Ref.
3). The onset of CDB periodicity is also consistent with the
observed increase in base drag as would be expected since base
scavenging is controlled by the establishment of the von
Karman vortex street.>*
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Fluid Column Stability in the Presence
of Periodic Accelerations
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Introduction

HE float zone cdnfiguration is used in crystal growth. It
may be modeled as a liquid column held by surface ten-
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