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ABSTRACT

A succinct account of the similarities between three-dimensional
wake. and jet flow fields is presented. Discussion is confined to
the behavior of the centerline velocity, the half-width growth, and
the appearance bf velocity irregularities. In addition, the most
recent experimental data from tHe Polytechnic Institute of Brooklyn
Aerospace Laboratory (PIBAL), concerning three-dimensional wakes and

- jets, is included.
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..g  i. INTRODUCTION o

Reéently, substantial interest has been generated in
the area of three-dimensional, turbulent, incompreésible wakes
(Cooper and Lutzky (1955), Kuo and Baldwin (1964), Kuo (1965),

Kuo and Baldwin (1966), Verna (1966), and Kuo and Baldwin (1967)),
and jets (Sforza, Steiger and Trentacoste (1966), Trentacoste and
Sforza (1966), and Trentacoste and Sforza (1967). The present
authors feel that there are some striking similarities between

the mean properties of these two flow fields that have not yet been
elaborated upon. )

The purpose of this note is to present a succinct deécription
of these similarities. Herein discussion will be confined to
comparisons of (1) the behavior of the centerline velocity, (2)
the half-width growth, and (8) the appearance of velocity irregularities
in three-dimensional wakes and jets. The cited references contain
complete descriptidns of the flow fields under discussion.

Careful study of the published results of Cooper and Lutzky
(1955), Verna (1966), and Kuo and Baldwin (1967), concerning three-
dimensional.wakes, réveals that there is a lack of quantitative
data for the near field, i.e., the region between the obstacle and.

- stations 15 to 20 characteristic body diameters downstream of thg
obstacle. The present authors, in their published work concerning

three-dimensional jets, have shown that the near field of the jet is



of fundamental importance in its description. Thus, the absence
of corresponding information on the near field of the three-dimensional
wake detracts from a more complete undertanding of the phenomena occuring
there. 1In this context, the authors consider the available experimental
results for three-dimensional wakes as preliminary in nature. Therefore,
our comparisons between the near field results for three-dimensional,
jets and those for three-dimensional wakés should be considered qualitatively
for the present time. The present paper hbpefully will serve to point
out areas éf investigation which may aid to an improved understanding of
the three-dimensional wake.

Fig. 1 contains schematic representations of the three-dimensional
wake and jet flow fields with definitions of the various terms used

throughout this paper.

II, CENTERLINE VELOCITY BEHAVIOR

The rate of decay of the axial velocity defect, (Ue—UO)/Ue, for
.three;dimensional wakes becomes equivalent in the far field to that

for axisymmetric wakes. This feature has been observed experimentally

in wakes behind elliptic discs (Kuo and Baldwin, 1966) and in wakes behind
rectangular plates (Cooper and Lutzky, 1955); typical results are pré—
sented in Fig. 2. Similarly, in three-dimensional jets (Sforza, Steiger,
and Trentacoste 1966), from rectangular and elliptical érifices the

.axial velocity Uo/ch, decays at the same rate as that of a circular

jet far downstream of the ofifice, as depicted-in Fig. 3. The similarity E
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between these two flow fields appears in that:
(a) The flow fields of both the three-dimensional wake and jet
suffer a "loss of memory" of their initial conditions far downstream of

the initial station.

—
—

(b) The wake axial velocity defect, (Ue-UO)/Ue, and the jet axial
velocity, UO/UOC, decay at the same rate as circular wakes and jets,
respectivély, far downstream of the initial station. The surroﬁnding
flow at these axial stations, however, is not truly axisymmetric in
nature. The entire flow field becomes fully axisymmetric at stations
mich further downstream than the point at which the centerline velocity
defect or axial velocity decay rate take on their respective axisymmetric
values.

The axial velocify decay in the near field of the three-~dimensional
jet has been found to depend only on the eccentricity, e, of the orifice,
(this part of the flow has been termed the Characteristic Decay Region:,
Sforza, Steiger, and Trentacoste 1966). It is felt that similar effects
would be manifested by the degay of tﬁe axial velocity defect in three-

dimensional wakes. Unfortunately, however, the available data bearing

“on this point is insufficient to permit a more positive statement at this

time. Recent preliminary experimental results obtained at the Polytechnic'
Institute of Brooklyn Aerospace Laboratories (PIBAL) for the wake behind
a body of e = .157 have shown that there exist various decay rates of

axial velocity defect in the three-dimensional wake (Fig; 2)., It can

be seen in Fig. 2 that beyond a certain axial station (in this case

x/d~20) the axial velocity defect decays at the same rate as that of

an-axisymmetric'wake, and coincides with the results of Cooper and

/



Lutzky (1955) and Kuo and Baldwin (1967). The displacement of the PIBAL
results from those of Kuo and Baldwin and Cooper and Lutzky is believed
to be due to the difference in the drag coefficients of the respective

bodies.
III, HALF-WIDTH BOUNDARIES

The half-width boundaries for three-dimensional wakes are defined
as those distances in the créss plane directions Y and Z where E/ﬁ;=%,
for the three-dimensional jet, they are defined as the distances where
U/U 5, see Fig. 1. It should be noted that all distances are measured
from the centerline, or X axis.

In the case of three-dimensional slender jets, i.e., (e < 0.90), the
major axis half-width (Y,/d) is found to decrease initially while the
minor axis half-width (Z:/d) grows; at some intermediate station they
crossover, grow similarly, but at different rates, and finally tend to
approach” each other far downstream where the jet tends to axisymmetry,
as shown in Fig. 4. It is interesting to note, on comparison of Figs. 3
and 4 that the crossover point corresponds to the point at which the
axis.velocity decay rate takes on the axisymmetric value.

This crossover phenomenon has not been stated in the work on
three-dimensionsional wakes of Cooper and Lutzky (1955) and Kuo and Baldwin
(1967), and is not obvious since their data for the growth of the wake |
in the Y and Z directions is plotted on a logarithmic graph. In addition,
the lack of data in the near field of the wake obscures this obsexvation.
One may, however, take the half-widths, Y /d and Zl/d directly from the
velocity profile data of Xuo and Baldwin (1967), and dlsplay them on a

11near graph as is shown in Fig. 5. 1t is ‘evident that:the wake grows |

4 .
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qualitatively in the same fashion as the jet (Fig. 4) with a c?ossover
point lying in the region Where.the axial velocity defeéf decay rate takes
on its axisymmetric value. This latter observafion can be seen from a
comparison of Figs. 2 and 5. The half-width data reported,byﬁVg;gg\&%?éé)
for the wake behind a reétangular body of e =.50 is shown in Fig. 6a,

and also depicts the crossover. In Fig. 6b the PIBAL results for the
half-width growth in the wake of a slender three-dimensional body of e = .157
is presented, and clearly shows the crossover phenomenon. Upon comparison
of the streamwise location of the half-width crossover point in the latter
case, with the corresponding axial velocity defect decay (Fig. 2), one ‘
clearly sees that this point lies in the region where the axial velocity

defect begins to decay at the same rate as the axisymmetric wake.
IV. VELOCITY IRREGULARITIES

A characteristic feature of slender three-dimensional jets is the
appearance of off-center peaks in the velocity profiles (U/U,) in the ¥
directidn in the near field of the jet, that is, at streamwise stations
before the axial velocity decay becomes axisymmetric. The appearance of
these off-center peaks in axisymmetric jets and jets issuing from square
orifices has not been detected to date. The cause of such phenomené is
believed to be the rolling up 6f vortex sheets shed from the three-
dimensional orifices. These irregularities appear at about 10 character-
istic orifice diameters from the jet outlet and subsequently disappear
near the point where the axial velocity decay rate becomes axisymmetric

in character. Their subsequent decay is due to the action of viscosity

‘and turbulent diffusion processes. This facet of threé—dimenéional

jet flow fields has been described by Trentacoste and Sforza (1967).

5



v

It is élso to be noted that a similar phenomenon occurs.iﬁ the
threeédimepsional wake for discs with e = .20 and .60 but not for discé
of e = l;O (Kuo and Baldwin 1967). Analogous phenomena occur in the wofk
of Cooper and Imtzky for the wakes behind rectangﬁlar plates of eccentricity
of .333, .20, and .10, but not for the square plate. The PIBAL results
also show the existence of velocity irregularitieé in the wake of a
body of éccentricity e = .157. These irregularities subsequéntly die
out further downstream in the region where the decay rate of the axial
velocity defect in the wake is axisymmetric. These irregula?ities
appear to persist for larger streamwise distances than in the jet, possibly
due to the faét that the shearing stresses that diffuse the vorficity
generated by the obstacle are smaller than those existing in the jet.

A characteristic feature of the irregularity phenomena is that they appear
in the planes parallel to the direction of the largest half-width of the
flow field. Representative data coﬁcerning these irregularities is pre~

sented in Fig. 7 (a) for the wake and in Fig. 7 (b) for the jet.
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- Fig. No. la SCHEMATIC REPRESENTATION OF THREE-DIMENSIONAL JET. FLOW FIELD. RECTANGULAR SLOTS IN A
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HALF
VELOCITY
WIDTH

T Ue-U _L_jq; . 1/2 Y|/2 HALE, VELOGITY
Up Y-V U iy ?

e=d/f Vo

Ue =583 FT./SEC X

Fig. No. 1b SCHEMATIC REPRESENTATION OF THREE-DIMENSIONAL WAKE FLOW FIELD.

SUPPORTED BY WIRES, KUO and BALDWIN (1966).

THIN ELLIPTICAL PLATES



ot

s e

P

b §

_D'__ - Ue“U

Ug Ue—Uq i
e = d4ﬂ Uo
Ug = 735 FI/SEC

HALF
VELOCITY
WIOTH

z
I"Z

Pt 7 Bl A TR P 8 S T S L A BTV o S ST R S5

P

ez

e =d/f
Up =120 FT./SEC

—a\

i

-

‘l’l HALF VELOCITY
] LENGTH -

XSS [

"
<
~N

-l-l.
(o}

=
\

ci
Q

X

Fig. No. lc SCHEMATIC REPRESENTATION OF THREE-DIMENSIONAL WAKE FLOW FIELD. SOLID OVAL BODY SUPPORTID

UPSTREAM, PIBAL DATA (1968). UPPER RIGHT HAND CORNER, SOLID RECTANGULAR BODY SUPPORTED UPSTREAM, VERNA(1966).

st s



6
a O
o
<o
2
Ug-Ug
Ue .
d
08
: ~d(IN.) e
06}
O 202  .I57} (PIBAL DATA
3 1968)
'.04__ o 300 |10
o & 100 1.0
A 232 .60 &KUO AND
A 775  .60{BALDWIN (I967)
o L34 20
02— 448 20 )
N .20 .10) COOPER AND
D .20 .O { LUTZKY (I1955)
0l
008 l [ [ I )
| 2 4 6 8 10 20 40 60 80 |00 200 400

.X/d
Fig. No. 2 AXIAL VELQCITY DEFECT DECAY OF THREE~-DIMENSIONAL WAKE,



1.0
.8
6k
4
Un | d (IN.) e
o
= 0.363 1.0 (AXI)
Oc 0.316 1.0 (SQUARE)
0.200 0.40 5 N
2 0.141 0.20 SQUARE ~— o ‘T/O @\\'O
0.100 0.10 AXISYMMETRIC ' <.
- 0.070 0.05
0.050 0.025
A : :
.08 ‘
I 2 4 10 20 40 = 60 80 100 200
X/d

Fig. No. 3  AXIAL VELOCITY DECAY OF THREE-DIMENSIONAL JET (AVERAGE OF ALL VELOCITY DATA TAKEN TO

DATE). TRENTACOSTE AND SFORZA (1967).

-

400



£l

50

Fig., No. 4 HALF VELOCITY BOUNDARY GROWTH FOR SLENDER ( e < .90) THREE-DIMENSIONAL JETS.

~ and SFORZA (1967).

-

| 1} ! T
Y_l/z. © .___Yllz
d {e=010 @ 9 |e=0025
Lo Zy,, | d=100N) iy, ( d=-07 (N) r
2 d . d :
- d A ©
20 A |
Z.|/,2 A ©
d A ©
200—o—yp & | o
4 JaN
A O
10 b— AN
. 7a)
- 4§? alg o)
00 A6 ©.
| A
04 5 l |
o) 40 80 120 160 200 240 280 320 360
xd |
| TRENTACOSTE



8 ' 1
Y, 1 -
7/ e=20
2 - d=134 (IN)
d 6 Y
Z, A /2
/2 ' d
d
4 - / ‘ Z'/z -
A
d
2= A
o I
4
. (a) -
4 | I l. - n
:; -
@/D
e d(IN) d d
10 3.0 e ]
.60 2.32 0O B
(0] 10 20 0 40 50 60 70 80 90 100 1o

(b) _ X/d

Fig. No. 5 HALF VELOCITY BOUNDARY GROWFH FOR THREE-DIMENSIONAL WAKES. KUO and BALDWIN (1967).




- 20

Y T
Y e =.50
‘e d =1.0 (IN.)
d ;
|, : i | /é
—_ /2 IO@ ) = i.‘ o d .
a ' B —2
O! ]
| (a)
‘ e=.157
3> 2 d =202 (IN)
Y
5 Y, 9 Yo
/> © d
d Z,
2.0 @ /2 %
Z, d
%2 | .
d @ © O () o
&
.0 ]
B.o
O .
0 4 8 2 16 20 24 28 32
(b) X /d

Fig. No. 6 (a) HALF VELOCITY BOUNDARY GROWIH FOR THREE-DIMENSIONAL WAKE, VERNA (1966). |(b) HALF

'VELOCITY BOUNDARY GROWIH FOR THREE-DIMENSIONAL WAKE. PIBAL DATA (1968).

/

/

36



: 90

e =.20 d=1.34(IN) *

Y=0 o)
O X =4(FT) O o) |
O X =8(FT) 0o YU,
O X =I12(FT)
g= o4 .95
O Opo
X O & O
o ODTO T
ot .0
-20 -16 -12 -8 -4 0
(a) Z (IN.)
l 200
L6000
O ~00 EJ_D_CJE'JE._D___IGO
o) 0
O 0 O OO
O
O—o ~ &m0 0120
o|B o Al U(FT/SEC)
o < N
ool AL
g © A e=.10 d=.10 (IN)) 80
O AP Z=0

8o A O X=I(IN.)

o AR O X=2(N) |
gJAA — O X=3(IN) - 40
L . — o)
-5 - -4 -3 -2 -0 0

(b) . Y (IN.)

‘Fig. No. 7 (a) VELOCITY IRREGULARITIES FOR THREE-DIMENSIONAL WAKE. KUO and BALD®IN (1967).

(b) VELOCITY IRREGULARITIES FOR THREE-DIMENSIONAL JET, PIBAL DATA (1968).
‘ 16



Unclassified
Security Classification

DOCUMENT CONTROL DATA-R&D

(Securlty classification of title, body of ahstract and indexing annotation must be ontoered when tho vverall report |s classiiied)
t. ORIGINATING ACTIVITY (Corporate authar) 20, REFPORT SECURITY CLASSI.FICATION
Polytechnic Institute of Brooklyn | " Unclassified
Dept. of Aerospace Engrg. and Applied Mech. LTI
Route 110 '
Farmingdale, New York 11735

3. REPORT TITLE

SOME REMARKS ON THREE-DIMENSIONAL WAKES AND JETS

\“\_
4, CESCRIPTIVE NOTES (Type of report and Incluslive dates)
Scientific Interim
§. AUTHORI(S) (Fitst name, middlo initial, last numo)
Nicholas Trentacoste
Pasquale M. Sforza
6. REPORT OATE 74. TOTAL NO. OF PAGES b, NO. OF REFS
April 1968 : 16 9
Ba. CONTRACT OR GRANT NO. 94, ORIGINATOR'S REPORT NUMBERI(S)
-1623
AF 49(638)-162 PIBAL Report No. 68-9
b, PROJECT NO. 9781-01 .
<, 61445014F a9h. OTHER REPORT NO(S) (Any other numbera that may be assigned
this report)
e 681307 AFOSR 68-0892

10. OISTRIBUTION STATEMENT
1. This document has been approved for public release and sale; its
distribution is unlimited.

1. SUPPLEMENTARY NOTES 12, SPONSORING MILITARY ACTIVITY
AF Office of Scientific Research
TECH, OTHER (SREM)
: : 1400 Wilson Blvd, |
A Arlington, Virginia 22209

13, ABSTRACT

A succinct account of the similarities between three-dimensional wake
and jet flow fields is presented. Discussion is confined to the behavior
of the centerline velocity, the half-width growth, and the appearance of
velocity irregularities. In addition, the most recent experimental data
from the Polytechnic Institute of Brooklyn Aerospace Laboratory (PIBAL),
concerning three-dimensional wakes and jets, is included.

:
!
l . . o

DD "2..1473

Unclassified

Sveurity Clussilication




