
DISCUSSION 

elusion. Although the author considers expanding loads shaped 
like a ring and a disk and the discusser a traveling point load, the 
conclusion is still valid. 

The author apologizes to the discusser if he is offended by the 
reference to his work. However, the author would like to em
phasize the need for accurate statements in a paper, even in the 
Introduction. Inaccurate statements have a way of propagating 
for years throughout the literature. 

On the Almost-Sure Stability of 
Linear Stochastic Systems1 

T. K. CAUGHEY2 end A. H. GRAY, JR.3 Due to an error in both 
of the examples considered in the Brief Note the author appeared 
to demonstrate an improvement over the results of Infante.4 In 
both cases the error arose in describing the maximum eigenvalue 
of the matrix \(F'P + PFJQ"1], 

Xm8x = Xm a x{[(F'P + PF)Q~1]}, 

where the result given was only correct for posit ive/(0-
In the first example utilized, the eigenvalues of [(F'P + 

PF)Q~1} can be expressed as 

When/(f) is positive, the maximum eigenvalue is clearly found by 
using the plus sign in front of the radical; however, when f(t) is 
negative, the minus sign must be used in front of the radical. As 
a result, the maximum eigenvalue can be expressed as 

xm., = i/wi —if1-1 - /w/2. 
Taking the expected value of this expression, and utilizing the 

fact that B[f(l)] is zero, results in the fact that equation (24) of 
the Brief Note should read 

S[\f(t)\] < 2t/Vfr+~i, 
which is not nearly as good as the result of Infante.'' 

In example two of the Brief Note, a similar error was made, and 
equation (26) of that Note should read 

E\\g{t)\] < 2 r / v , r r n , 
which again is not comparable with the results of Infante.4 This 
latter correction, on example two, eliminates the problem dis
cussed by the author about the apparent opposition to physical 
intuition of the result he obtained. 

' By F. T. Man, published in June, 1970, issue of the JOURNAL OF 
APPLIED MECHANICS, Vol. 37, Series E, No. 2, pp. 541-543. 

- Professor, Division of Engineering, California Institute of Tech
nology, Pasadena, Calif. 

3 Associate Professor, Department of Electrical Engineering, Uni
versity of California, Santa Barbara, Calif. 

4 E. F. Infante, "On the Stability of Some Linear Nonautonomous 
Random Systems," JOURNAL OF APPLIED MECHANICS, Vol. 35, No. 1, 
TRANS. ASME, Vol. 90, Series E, Mar., 1968, pp. 7-12. 

The Turbulence Characteristics of 
Two-Dimensional Wall-Jet and 
Wall-Wake Flows1 

F. F. Ericn.2 The authors have presented data very similar to 
what was reported in reference [6]. Few additions included the 

1 By S. C. Kacker and J. H. Whitelaw, published in the March, 
1971, issue of the JOURNAL OF APPLIED MECHANICS, Vol. 93, Series E, 
pp. 239-252. 

2 Assistant Professor, Department of Mechanical Engineering. 
Clarkson College of Technology, Potsdam, N. Y. 

approximate measurement of w-spectra and the dissipation term 
in the turbulent energy equation. Also, the experiment was 
repeated for a larger jet lip thickness. 

In the energy balance at x/y = 10, l/ye = 1.14, and UJUa = 
2.3 it is interesting to observe the behavior of the production and 
diffusion of turbulent energy. When the production term repre
sented a gain of turbulent energy, the diffusion, not the dissipa
tion, term represented the major loss term. On the other hand, 
in the region between the two different ^-locations of the zero 
turbulent shear stress and the zero mean velocity gradient, the 
production was a loss term and the turbulent kinetic energy was 
maintained by diffusion. This behavior seems to be character
istic of that region where the viscous shear stress and the turbu
lent Reynolds stress have opposing effects. 

The reported large scatter in the length scale profiles and the 
lack of similarity in their behavior make the prediction procedure 
of doubtful value. 

H. FERNHOLZ.3 The paper provides a valuable approach to the 
experimental investigation of turbulent wall-wake and wall-jet 
flows. I t is one of the few papers where mean and fluctuating 
quantities of the flow were measured extensively with the ratios 
of slot to free-stream velocity (UJU0) and the slot to lip thick
ness (yjt) as parameters. 

One of the most interesting but also most difficult regions of 
the flow is that close to the slot, especially when the lip thickness 
is of the order of the slot height. The authors did measure 
fluctuating quantities in this partly separated region and state 
quite correctly that measurements hi this region should be re
garded as qualitative if the turbulence intensity is in excess of 
about 20 percent. Since the process of turbulent mixing just 
downstream of the slot seems to be very important for practical 
applications it would be of considerable interest to correct the 
data by using the correction curve of Champagne [ l ] 4 and for 
higher turbulence intensities that of Vagt [2] which was pub
lished in the meantime. I t is thus possible to achieve more 
reliable data up to turbulence intensities of 30 percent. In this 
context it may be worthwhile to know the spectrum of turbulence 
intensities in the outer flow. 

In order to provide further evidence in the case "Coincidence 
of position of zero shear stress and maximum velocity"—yes 
versus no—it would have been most instructive if the location of 
the values in question had been plotted and, if possible, somehow 
correlated. 

Even if Bradshaw and Gee [3] had settled this issue I would 
not dare to extrapolate their measurements to flow configurations 
dominated by other parameter combinations. Once this prob
lem is solved existing eddy viscosity models for simple wall jets 
can be tested and hopefully carried over to these rather compli
cated flow species. 
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B. G. NEWMAN.6 Kacker and Whitleaw present some new and 
useful turbulence measurements in wall jets. The accuracy of 
the hot-wire readings, particularly those which are difficult to 
measure, e. g., S2 and id2, appears to be unusually good. High 
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University, Montreal, Canada. 

718 / SEPTEMBER 1 9 7 1 Transactions of the ASME Copyright © 1971 by ASME

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/appliedm

echanics/article-pdf/38/3/718/5451343/718_2.pdf by guest on 19 M
ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1115/1.3408891&domain=pdf&date_stamp=1971-09-01


pressures near the slot are again observed and the explanation no 
doubt lies in the flow curvature in the entrained flow, which is 
greater for the larger values of t/yc. The effect was first reported 
by George [4]. 

The law-of-the-wall for wall jets is established in the present 
paper. The same conclusion is reached by Guitton, [5], for wall 
jets over logarithmic spirals when the curvature is small. This, 
and other work, is mentioned in the review paper by Newman 
[6]. 

The inaccuracy of the von Karman momentum equation as a 
means of determining skin friction is well known, and was dis
cussed very fully by But ton [7]. 

Corrections to hot-wire readings for high intensity have been 
discussed by Heskestad [8] and Guitton [9]. The —(5/3) 
law is not expected at low-turbulence Reynolds numbers, and 
hence the value of this parameter should be stated, Bradshaw 
[10]. 

I t is a pity that the authors in common with many others did 
not explore the possibility of plotting the abscissae nondimen-
sionally in Fig. 10. 

Authors' Closure 
The authors are grateful to Professors Erian, Fernholtz, and 

Newman for their interesting and useful comments. A possible 
interpretation of Professor Erian's initial comments is that the 
present paper does not add significantly to the work of reference 
[6]. Lest this be the interpretation of readers, it is worth 
emphasizing that a principal purpose of the present paper is to 
compare the turbulence properties downstream of a wall jet with 
a thick lip with those downstream of a wall jet with a thin lip. 
The adiabatic-wall effectiveness, of practical significance in film-
cooling applications, has previously been shown to be strongly in
fluenced by the thickness of the slot lip and measurements of the 
present kind are required to aid the development of prediction 
procedures for such flows. 

I t is undoubtedly true that the precision of measurement is not 
at its best in the upstream region. Nevertheless, the authors are 
confident of the existence of regions with negative production. 
Their existence, in asymmetric flows, has also been demonstrated 
computationally by Hanjalic and Launder [ l l ] 6 using three 
equations to represent the turbulence. 

The length scale distributions presented in the paper un
doubtedly preclude the prediction of detailed turbulence quanti
ties on the basis of the Prandtl-Kolmogorov hypothesis. On the 
other hand, it has been shown in reference [12] of this Closure 
that an empirical distribution of length scale can lead to reason
able prediction of mean flow properties including practically im
portant flow properties such as the adiabatic-wall effectiveness. 
The computational method described in [12] could also in
corporate three equations for the turbulence similar to those de
scribed in [11]; it may be anticipated that this combination would 
also lead to the prediction of regions of negative production and 
also to improved predictions of turbulence quantities in other re
gions of the flow. 

Professor Fernholtz's request that the positions of maximum 
velocity and zero shear stress be plotted is met by Fig. 1 of this 
Closure. For good measure, the figure also includes the position 
of minimum kinetic energy. 

In answer to a verbal request subsequent to the presentation 
of the paper, we would add to the Nomenclature that y0 is the 
?/-value at which the velocity is 99 percent of the free-stream 
value. 
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Fig. 1 Location of velocity maxima, zero shear stress, and minimum 
kinetic energy Vc/iG = 2.3 
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Indentation of a Circular Membrane1 

W. E. JAHSMAN.2 Omitted from the authors' reference list are 
the papers by Schwerin [ l ] , 3 Jahsman, Field, and Holmes [2], 

1 By W. H. Yang and K.-H. Hsu, published in the March 1971 
issue of the JOURNAL OF APPLIED MECHANICS, Vol. 38, TRANS. 
ASME, Vol. 93, Series E, pp. 227-230. 
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