2142 AIAA JOURNAL

As Dowell discussed, the size of the governing matrix equa-
tions is substantially reduced by eliminating the usual displace-
ment coordinates in favor of the joint forces or modal force
vector, between substructures. This is the key difference be-
tween the Receptance method and the modal force method.!?
The latter directly uses the physical coordinates at joints to
generate the system equation. The emphasis is on the determi-
nant of the modal force matrix (H) for natural frequencies and
on the modal force vector (f) for mode shapes of the synthe-
sized structure.

The Modal Force method has been extended and applied for
the system modification,?? rotor dynamics,* and system tran-
sient response analysis.’

We share the same feelings as Dr. Dowell and hope that the
method will be more widely used for system dynamic analysis.
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URING recent years, methods to nonintrusively measure

details of the laminar-to-turbulent transition process
have been developed mostly for high-Mach-number
flows where, for example, hot-wire probes are not practical. A
differential laser interferometer is applied in the experiment
discussed in Ref. 1 to detect relative variations in density fluc-
tuations in a laminar, transitional, and turbulent boundary
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layer over a wind-tunnel model at freestream Mach numbers
ranging from M = 0.7 to M = 0.8. The purpose of this Com-
ment is to clarify some details of the transition process in the
flowfield of Ref. 1 and to point out a few inconsistencies in the
experimental setup and the presented analysis of the transition
mode in Ref. 1.

Figure 1 presents the predicted subcritical pressure distribu-
tion along the upper surface of an NACA 66-006 airfoil,
which has a slightly negative angle of attack. The two-
dimensional method of Ref. 2 that models wind-tunnel walls is
used to analyze the potential flowfield for the test configura-
tion as described in Ref. 1. The compressible laminar
boundary-layer development and the linear stability character-
istics of the boundary layer along the airfoil are analyzed for
the appropriate conditions (chord-Reynolds number R, =
1.96 million and M = 0.70) using the methods of Refs. 3 and
4, respectively. The onset of laminar separation is predicted to
occur at 11.6 cm (x/c¢ = 0.77, where the airfoil chordis ¢ = 15
cm) from the leading edge. The well-defined transition pattern
in the spanwise direction indicated by the sublimating chemi-
cal technique in Fig. 5 of Ref. 1 (the segment unaffected by the
turbulent wedges) is indicative of transition due to shear-layer
instability at laminar separation®. Transition occurs at x/¢ =
0.80 in the experiment. Also, the increased spreading angle of
the turbulent wedge after x/c = 0.66 in Fig. 5 of Ref. 1 corre-
sponds with the predicted onset of streamwise pressure in-
crease at x/c = 0.65 in Fig. 1 of this Comment. Thus, the pre-
dicted flowfield along the upper surface of the airfoil appears
to match the experimentally measured flowfield reasonably
well.

The predicted logarithmic amplification growth (‘‘n-
factor’’) for several Tollmien-Schlichting (T-S) disturbance
frequencies is presented in Fig. 1 for the given test conditions.
The most amplified unstable frequencies in the attached
boundary-layer ahead of the separation point are in the range
of 15-40 kHz. The calculated wavelength for the 25-kHz dis-
turbance is about 76 (& is the boundary-layer thickness, 6 =
0.004c at x/c = 0.65). The combination of the favorable
pressure gradient over the front portion of the airfoil, the
relatively low chord-Reynolds number and the damping effect
of flow compressibility® prevents the growth of these distur-
bances until the onset of pressure recovery at 9.8 cm (x/c =
0.65) from the leading edge. The n-factor for the T-S frequen-
cies around 25 kHz grows rapidly in the adverse-pressure-
gradient region but does not exceed 4. (If the Mach number is
increased to M = 0.8, even lower amplitudes are obtained for
the unstable T-S frequency range.) Natural transition due to
catastrophic growth of unstable T-S waves has been correlated
for wind-tunnel experiments to coincide with amplification
factors of 7-11.7

Unfortunately, the range of most amplified unstable fre-
quencies lies below the chosen bandwidth of the inter-
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Fig. 1 Predicted surface-pressure distribution (C,,-Pressure coeffi-
cient) over NACA 66-006 airfoil in tunnel geometry of Ref. 1 and pre-
dicted amplification ratios for several unstable T-S disturbance spec-
trum (f-frequency); M = 0.70, R, = 1.96 million.
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ferometer system used in the experiment of Ref. 1. The 40 kHz
- 1 MHz bandpass filter of the data acquisition system makes
it very difficult to detect the predicted T-S waves ahead of sep-
aration. The effect of the bandpass filter is clearly visible in
the frequency spectra of Figs. 12 and 13 in Ref. 1. In all cases
the recorded power density reaches a maximum at a frequency
of 40-50 kHz; below 40 kHz the power-density level drops
quickly. In these two figures, dramatic changes over the com-
plete frequency range are indicated between the power-spectra
levels of the laminar and the transitional boundary layer. Tak-
ing into account the previously discussed calculated frequency
range, it appears that there is a strong dependence of the
power spectrum on the measurement location in the tunnel.
This dependence may have overpowered the effect of the
boundary-layer state on the power spectrum. It is, therefore,
impossible to use the frequency data of Figs. 12 and 13 in Ref.
1 as an indication of the transition mode. However, based on
the computational results given here and the flow visualization
in Ref. 1, it is most probable that transition occurred due to
laminar separation and was not caused by attached-flow T-S
instability as suggested in Ref. 1.

In conclusion, proper tuning of the laser inferometer system
to the T-S instability frequencies at given test conditions and
the simultaneous measurement of disturbance spectra in the
laminar boundary layer using, for example, hot-film tech-
niques will allow a more in-depth verification of the proposed
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nonintrusive test technique. Further analysis of the wind-
tunnel results may also reveal important information on the
transition mechanism in the separation bubble at compressible
conditions.
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