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BACKGROUND

The jet in a crossflow flow problem is of interest in a number of situ-

ations from jet-powered V/STOL aircraft to smoke stacks. The available 	 I 
I

411formation on this flow, in general, is discussed in Ref. (1). For the

V/STOL application, the pressure field induced on adjacent surfaces is of

particular importance, so there have been a number of detailed experimental

studies of that part of the flowfield covering many of the important vari-

ables and parameters (see Refs. (2) - (12)). Reviews of the early work can

be found in Refs. (13) and (14), and a tabulation of all but the most recent

information is in Ref. (15). The jet induces negative (with respect to

the freestream) Pressures on the nearby surfaces, and this results in a

net loss of lift on the body viewed as a whole. The longitudinal variation

of the surface pressures is also important, since that determines the re-

sulting pitching moment.

Until recently, there were four aspects of the general problem that had

received little or no careful study. The first was the effect of the angle

of the jet with respect to the crossflow. That is important because the

transition to wingborne operation is commonly accompanied by a change in

the angle of the jet thrust vector. There are few prior investigations

in the literature (see Refs. (8), (11) and (16)). The second item is the

performance of dual-jet configurations, either in-line or side-by-side.

The mutual interference as a function of center-to-center spacing is the

issue here. Again, few references (e.g. Refs. (3), (8) and (17)) exist.

The third item is the behavior of a jet (or jets) injected from a body of

revolution as opposed to the large flat plates usually considered. This
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is of obvious importance for V/STOL aircraft with lifting jets in the fuse-

lage. One can anticipate substantial transverse pressure "relief" around

a cylindrical body. The only early work was in Ref. (18) which considered

a case were D Jet /Dbody << 1. That is not realistic for V/STOL aircraft

where D jet /Dbody = 1/2 can be encountered. The fourth item concerns so-

called "real jet" effects, i.e. the effects of non-uniform and/or non-circular

jet exhaust profiles. Most practical devices operate in the presence of

such phenomena and some early studies have shown the influences to be rather

large (Ref. (12)). A recent study by the writer and co-workers at NASA.Ames

has investigated the first three items outlined above in some detail (Ref.

(19)). The curreo t ►,irk is, therefore, aimed at the fourth item above.

There have also been a number of analyses and semi-empirical analyses

for the jet in a crossflow problem (e.g. Refs. (15), (20) - (29) that should

be mentioned in a discussion of this general flow. None of them, however,

can presently treat in a fundamental way the combination of two or more of

the items described here. Hopefully, the experimental studies proposed will

aid in the generalization of the existing analyses.
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PROGRESS REPORT

Starting in October 1983, the Department of Aerospace and Ocean Engineer-

ing at VPI has engaged into a wind tunnel study of dual jets in a cross flow

using the Dual-Jet Flat Plate Model built at NASA Ames. The study is aimed

at exploring the effects of non-uniform jet exhaust profiles on the pressure

field induced on the nearby surface.

In order to fit the 7 ft.-wide NASA model into the 6 x 6 ft. test section

of our wind tunnel and to adapt the model to our air supply system, a seg-

ment of the test-section side wall has been modified so as to allow the Flat

Plate Model to protrude 1 ft. through a sealed cutout. Fig. 1 shows the

Dual-Jet Flat Plate Model installed in the test section.

Each injector is supplied with air from two independently regulated

DC-driven blowers; a smaller, 300 cfm blower provides the air for the central 	 !

core of the jet (through a central tube) and the larger, 1400 cfm blower

provides the air for the outer annulus. By controlling the blower speeds

and extension of the central tube we can vary the nozzle exit profile over

a wide range of shapes. This allows us to obtain exit profiles representative

of various practical installations. Fig. 2 presents examples of exit pro-

files obtained at 900 injection angle.

The basic instrumentation for the present experiments consists of twelve

48-port Scanivalves, Fluid Wafer Switches and 1 PSIA PDCR 22 pressure trans-

ducers. All the surface pressure data as well as other measurements necessary

to define test and flow conditions are recorded and processed by the H-P 3052A

Data Acquisition System and the HP 9836 Computer. To assure high accuracy,

the transducer calibration is updated after each Scanivalve scan, and stepping 	 s
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from one pressure tap to the next one is interactively controlled by the

computer so as to allow sufficient time for the pressure to fully stabilize.
	 i n

The tests completed to data have obtained detailed surface pressure

measurements for 900 circular injectors producing exit profiles representa-

tive of turbofan nozzles (such as TF-34 nozzle). The measurements were

obtained for both tandem and side-by-side jet configurations, jet spacing

of S/D - 2 and velocity ratios of R = 2.2 and 4.0. Control tests at the

same mass flow rate but with uniform exit velocity profiles were also con-

ducted, for comparison purposes.

Some representative results are given here in Fig. Nos. 3 and 4 for 900

injection and R = 2.2.- These plots show that the effects of exit velocity

profile non-uniformity are quite significant.
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Pressure Coefficient Plots for
900 side-by-side Jets, R n
2.2: N Uniform Velocity
Profile, (,) Non-uniform

Velocity Profile.
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Quarterly Status and	 hnical Progress Report
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NASA Contract Number NAS5-27517

Principal Investigator
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Department of Electrical and Comp...er Engineering
University of California, Davis

Dav#s, California 95616
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DMISIONILITT &EDUCTION AND GEOMPTUC
Coit&ECTION ICCURACT Quarterly Status
Technical Progress Report, 3 Dec. 1983 —
3 Mr. 1984 (California Univ.) 7 p

For the period: December 3, 1983 to March 3, 1984

X97

1. Problems

The progress of the investigation - has been impeded during this reporting

period by the heavy teaching and graduate advising load of the principal
investigator. Approval has been obtained to take a leave of absence to devote
full time to this project for the remainder of the contract period.

2. Accomplishments

The thematic mapper scene that is the most useful in our investigation
was received during the reporting period. This is a scene from path 27, row

39 of central Texas (Scene ID E-44193-16315, acquired January 25, 1983),
covering the Walnut Creek watershed east of Austin, Texas. We have studied
this watershed previously for the U.S. Army Corps of Engineers (Ford, et al.,

1983) using MSS data. We have a substantial collection of ground truth data
for this study area, including color infrared aerial photography, USGS topo-

graphic maps, and the results of manual and computer classification studies.

We have made a preliminary study Of a 1024 by 1024 subscene of this
image, centered on Austin, Texas. The ranges of intensity values in all of
the TM bands were found to be sukpt Wially greater than those we had



observed in the other- TM image avoisabl a - to us, a February 2. 1163 aquisiti on
ered	 ranto, Ca1#^ila. #iMe both a `these irlt w

	»ired during -the winter months, the tow sun angle itould U . expected to	 {

ico-low. 4yamic ranges. Heoererx	
he

ww-are unable to 	ide an a lane ion
l 'to wlgr there 4s such a di spaMty	 t tii ides; acgO+r JVst 	 -`

dam mart, Y!-observed a 50% increase in standard derivation is-the
WAnsitfiit ae bands 1-. 11, 34.4 and l&, nom;change -ice.-band !; and a 25t dew
tise in band 6. The decrease in the thermal bandis probably due to the low
Kentage of water in the Uses image. We to the heavy r lofaI l ` in
1-lifornia during the 1982-83 winter, the'study area of interest to us on the

amento .bluer was ex	 IS flooded on tW, haft -of acquf tiee : of the
age and we are unable to perform a classification study on-this image.
ale the )&O .January date is not the 	 for a classification study,of

iialnut X44 - watershed, as interatt14-analy#is of the image sluff-
the major land use classes exhibit spectral separation.

Principal components transformation has been applied to the Walnet. Creek
subscene to reduce the dimensionality of the multispectral sensor data. The:

	

results are summarized in Table 1. For comparison purposes, we have also 	 =-_
Applied this transformation to a Landsat 3 MSS subscene of the same area. The
ASS scene was acquired in a different season and year (May 1978), but the
results, as summarized in Table 2, allow for comparisons between TM and MSS
data.

The correlation matrices indicate the pairwise correlation of the
spectral components. The TM correlation matrix shows that visible bands 1-3
exhibit a high degree of correlation, in the range 0.92 to 0.96. While it
might be expected that the reflective infrared bands 4, 5, and 7 would be
highly correlated, this is only true for bands 5=7, where the correlation is
0.93. Band 4 is not highly co4elated with any other band, with correlations
in the range 0.13 to 0.52. Similarly, the thermal band 6 is not highly
correlated with other bands, with correlations in the range 0.13 to 8.46. tt
should be noted that bands 1-3 exhibit a moderate degree of correlation with
bands 5 and 7, with correlations in the range 0.63 to 0.83. These results are
significantly different than those we reported for the Sacramento subscene in
our project report for the period June 3, 1983 to September 3, 1983. This is
a further indication that the Sacramento scene is not representative of data
from the TM sensor.

The MSS correlation matrix shows that the visible bands (4 and 5) are
highly correlated (0.96), as are the reflective infrared bands (6 and 7).
with a correlation of 0.92. On the basis of this comparison between TM and
MSS data, we are unable to support the expectation that there would be lower
correlation among the TM spectral components than has been observed for the
MSS spectral components.

The principal components transformation matrix is composed of the normal-
ized eigenvectors of the covariance matrix ordered by eigenvalues. The
weights used to generate a transformed component are given in the columns
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