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Technical Comments

Comments on “A Study of
Penetration of a Liquid Injectant
into a Supersonic Flow”

M. ADELBERG*
Adelberg Research and Development Laboratories,
Sherman Oaks, Calif.

HIS Note is in response to a recent paper by Kolpin,
Horn, and Reichenbach® concerning the penetration of
liquid jets. It should be noted that only a portion of the data
surveyed in Ref. 2 was compared with their new data.
Reference 2 develops theories that apply for two regimes, an
acceleration wave regime and a capillary wave regime.
Most of the experimental data available happens to fall in the
acceleration regime. There is one set,® however, which is in
the capillary wave regime and, as expected, does not correlate
with the data in the acceleration wave regime. All the data
considered in Ref. 1 was in the acceleration wave regime.
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Reply by Authors to M. Adelberg

K. P. Horn*
The Aerospace Corporation, El Segundo, Calif.
AND

R. E. ReicuenBacut ano M. A. Kouping
TRW Systems, Redondo Beach, Calif.

S is evident from the title of our article,* we were con-
cerned only with liquid injection into a supersonic flow,
whereas the data referred to by Adelberg are for injection
into a subsonic flow.2 The data are therefore irrelevant to
our study, in which the correlation for penetration height was
demonstrated for liquid injection with large Weber numbers
into supersonic streams.
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Comment on “An Investigation of
the Effect of Suction on Hypersonic

Laminar Boundary-Layer Separation”

H. Harvey ArvBum®*
DV L-Institut fir Angewandte Gasdynamik, Porz-Wahn,

Germany
Nomenclature

¢ = width of flat plate

h = height of step

M, = inviscid Mach number of flow on surface upstream of
ramp

M, = freestream Mach number

P, = surface pressure

P, = {reestream static pressure

Rey = inviscid-flow unit Reynolds number on surface upstream
of ramp, in. 1

Rezo = Reoxo

x = distance from leading edge along surface, in.

xg = distance from the leading edge to the beginning of
separation interaction, in.

9 = ramp deflection angle, deg

ALL and Korkegi' presented experimental pressure dis-
tributions for separated regions created by a slender
wedge with various base-ramp compression angles at My =
12.3. They made the following statement in this paper;
““The results of this investigation for the plateau pressure and
1o corner suction, as shown in Fig. 3, appear to indicate that
the separations are not of the free interaction type. How-
ever, similarity scaling as suggested by Curle? of the stream-
wise coordinate z, reduces the pressure data into a similarity
plot in excellent agreement with the data of Lewis.??” How-
ever, Lewis, Kubota, and Lees? concluded that such a
correlation (M, = 4 and 6, Fig. 6 of Ref. 2) indicated that
free interaction existed for their surface pressure data.

Lewis, Kubota, and Lees? correlation is, in fact, substantial
evidence of free interaction. The -correlation variables
contain only local pressure, distance from the beginning of
interaction, flow properties at the beginning of interaction,
and wall-to-freestream temperature ratio. No reattachment
conditions appear. Thus, the surface pressures and, hence,
the flows over the region of separation interaction are shown
to be directly dependent upon the conditions at the beginning
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of interaction, and not upon the cause of separation. This is
free interaction. If surface pressure measurements are
correlated by these variables, then the inference should be
that free interaction exists.

A single exception, such as that reported by Korkegi and
Ball,! would prove that the surface-pressure correlations
obtained by Lewis, Kubota, and Lees,? and perhaps similarily
founded correlations,3~% are not sufficient to demonstrate free
interaction. Therefore, it is important to know what infor-
mation reported by Ball and Korkegi in Fig. 3 of Ref. 1
indicates an absence of free interaction. It could not be the
fact that the ramp pressures increased with increasing ramp
angle, because nothing in the principle of free interaction
requires constant pressures in the reattachment region with
changing compression conditions. In fact, this empirically
founded principle applies only to the separation-interaction
region. This region extends from the beginning of inter-
action to the start of the pressure plateau or to the beginning
of the reattachment pressure rise when no pressure plateau
develops. The reattachment conditions pose the downstream
boundary conditions, and thus fix the size of the separation
region. The data in Fig. 3 of Ref. 1 therefore show that as the
ramp angle increased, the separation-interaction region grew
in size and progressed from a partially developed state (no
pressure plateau) to a well-developed state (with a pressure
plateau). However, this observation alone also does not
indicate an absence of free interaction.

Direct experimental results have proven that free inter-
action existed for cases of well-developed, two-dimensional,
supersonic and hypersonie, laminar- or transitional-separation
regions. Other evidence indicates that partially developed
separation regions also can be the result of free interaction.
Miller, Hijman, and Child’s® data yields proof of free inter-
action on a flat plate for a well-developed separation-inter-
action region (Fig. 1a) and for what may be a partially de-
veloped separation-interaction region (Fig. 1b). Chapman,
Kuehn, and Larson® and Needham and Stollery” also have
shown by direct experimental proof that free interaction
existed for cases of well-developed separation on flat plates.
The flow conditions for these proven cases of free interaction
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b) Possible partially developed separation interaction

Fig. 1 Free interaction shown by replot of data from
Ref. 6.

TECHNICAL COMMENTS 799

7
10 T T I‘ LR L A I T
_ 2 I Balt and Korkegi's Conditions, —
F Cooled Wall, Fig.3 of Ref.l n
- 04 Cooled Wall 3
r Q Adiabatic Wall =
r —r10 REF.7 3
10— i —
r | N
[ ! REF.7 ]
Rey L | (] m
— ]
— | i 2 _
Y S o 4 ]
105 —REF. 3 ; -
- ! REF.6
- i A ]
f— ! 3
(~ ! ]
b— A n
- REF.6 |
10°F
S O I O B N S B R A O R O
0 2 4 6 8 10 12 1 16 18 20

Mo

Fig. 2 A comparison of Ball and Korkegi flow conditions
and flow conditions for which direct experimental proof of
free interaction has been obtained.

partially bracket Ball and Korkegi’s experimental conditions
(Fig. 2). The writer knows of no direct experimenal proof
indicating that free interaction did not exist for a case of
supersonic or hypersonic, laminar, two-dimensional separa-
tion on a flat plate. Indirect evidence of free interaction is
available from comparisons between theory and experiment.
The laminar theory of Lees and Reeves,?8® which is based on
the agsumption of free interaction, predicted surface pressure
distributions for cases of partially developed and well-
developed pure laminar-separation regions on flat plates in
supersonic and hypersonic flow. Finally, one should note
that Lewis, Kubota, and Lees? also correlated, on one curve,
surface pressures for both partially developed and well-
developed separation-interaction regions.

In conclusion, the data presented by Ball and Korkegi in
Fig. 3 of Ref. 1 do not, without further explanation, clearly
imply “nonfree interaction.” In fact, all indications are
that free interaction probably did exist for this case since:
1) these data are reportedly correlated by the free-interaction
variables of Lewis, Kubota, and Lees,? and 2) the related flow
conditions are partially bracketed by direct experimental
proof of free interaction.

References

1 Ball, K. O. W. and Korkegi, R. H., “An Investigation of the
Effect of Suction on Hypersonic Laminar Boundary-Layer
Separation,” ATAA Journal, Vol. 6, No. 2, Feb. 1968, pp. 239—
243.

2 Lewis, J. E., Kubota, T., and Lees, L., “Experimental In-
vestigation of Supersonic Laminar, Two-Dimensional Boundary-
Layer Separation in a Compression Corner with and without
Cooling,” ATAA Journal, Vol. 6, No. 1, Jan. 1968, pp. 7-14.

8 Chapman, D. R., Kuehn, D. M., and Larson, H. K., “Investi-
gation of Separated Flows in Supersonic and Subsonic Streams
with Emphasis on the Effect of Transition,” Rept. 1356, 1958,
NACA.

tErdos, J. and Pallone, A., “Shock-Boundary Layer Inter-
action and Flow Separation,” Proceedings of the 1962 Heat
Transfer and Fluid Mechanics Institute, Stanford University
Press, Stanford, Calif., 1962, pp. 239-254.

5 Album, H. H., “Hypersonic Laminar Separation on Minutely
Blunted Cones in Slip Flow,” AFOSR 67-1507, May 1967,
Stanford Univ., Stanford, Calif.

8 Miller, D. 8., Hijman, R., and Childs, M. E., “Mach 8 to 22
Studies of Flow Separations Due to Deflected Control Surfaces,”
AIAA Journal, Vol. 2, No. 2, Feb. 1964, pp. 312-321.

7 Needham, D. A, and Stollery, J. L., “Boundary Layer
Separation in Hypersonic Flow,” Paper 66-455, 1966, ATAA.

8 Lees, L. and Reeves, B. L., “Supersonic Separation and Re-
attaching Laminar Flows, I. General Theory and Application to
Adiabatic Boundary/Shock-Wave Interactions,” AT A A Journal,
Vol. 2, No. 11, Nov. 1964, pp. 1907-1927.



