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SLOWING DOWN OF A SUPERSONIC FLOW IN A RECTANGULAR CHANNEL OF
CONSTANT CROSS SECTION

M. G. Ktalkherman, V. M. Mal'kov, UDC 533.697.3:621.375.826
and N. A. Ruban

A number of papers [2 and references in it] have been devoted to the study of the tran-
sition region from supersonic to subsonic flow in a channel [1]. Flow in this region, called
the pseudoshock, is a complex process involving the interaction of shock waves with the dis-
sipative boundary region, the details of which are not completely clear. In view of this,
the main efforts have been concentrated on obtaining the "integral" characteristics of the
pseudoshock, since they are of the greatest interest for practical applications.

Most papers have treated flow in circular and square pipes. Information on the efficien-
cy of supersonic diffusers of other geometric shapes is meager and frequently contradicts the
concepts which have accumulated on the pseudoshock. Relatively recent experiments showed
that rectangular channels have a low efficiency of pressure recovery, particularly for large
ratios of the sides. Thus, in [3-7] the increase of pressure during the slowing down of a
supersonic flow was 1.3-2 times smaller than in [1]. The reasons for such a large decrease
in efficiency arenot clear. For rectangular channels there are no such rather general rela-
tions between the length of the pseudoshock and the ratio of the sides.

The present work was undertaken to supplement the information on the characteristics of
a supersonic diffuser of constant area with a rectangular cross section, and to analyze the
available experimental results.

1. The experiments were performed in a wind tunnel. Cold dry air from tanks was admitted
into a forechamber with a flattening screen and through a supersonic nozzle into a rectangu-
lar channel connected to an ejector. The channel was made up of four sections with an over-
all length of ~1400 mm. It has a height h = 21 mm and a width b = 80 mm; B = b/h = 3.8. To
study the effect of the ratio of the sides on the characteristics of the pseudoshock, diaphragms
were used to partition the working part into three channels 21 x 25 mm in cross section (B =
1.2) or two channels 9 x 80 mm in cross section (B = 8.9). The diaphragms were located 25 mm
from the exit cross section of the nozzle. Their leading and trailing edges were wedge-
shaped with a half-angle of 10°.

The upper (wide) wall, which was an extension of the profiled wall of the nozzle, had
vent holes along the center line. The pressure on the wall was measured, and Stanton tubes
were used to determine the profile of the total head and the static pressure at several cross
sections of the channel.

Three supersonic nozzles of rectangular cross section and two sets of axisymmetric noz-
zles (honeycomb nozzles) were used in the experiments. The basic parameters of the nozzles
are listed in Table 1, where h* is the height of the critical cross section, [g is the length
of the supersonic part of the nozzle, and A/A* is the ratio of the exit and critical cross
sectional areas. Nozzles I and II were of minimum length, and the sharp edge in the region
of the critical cross section was rounded off to a radius of 0.5 mm. The supersonic contour
of nozzle I1I was completed along the arc of a circle, and at the exit the direction of the
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TABLE 1

Nozzle
No. h*, mMm h, Mm ls' mm AlA%
1 0,7 21 - 56 30
11 0,4 24 56 52,5
111 0,5 21 45 42.5

walls coincided with the direction of flow. 1In the transonic region in all the versions there
was a rectilinear portion 0.2 mm long. The subsonic part of nozzles I and III were tapered
with a half-angle of 60°, and nozzle II has a contour profiled according to the Vitoshinskii
formula.

The honeycomb nozzles consisted of a system of small openings closely spaced in a plate.
In the first version conical nozzles with an apex half-angle of 10°, a critical diameter d* =
1.1 mm, and an exit diameter d = 5.7 mm were arranged in four rows in a staggered order. The
area at the edge was 26.8 times larger than the critical area, and the ratio of the area of
the working channel (21 x 80 mm) to the total area of the critical cross sections was 35.3.
In the second version the number of nozzles and their arrangement was the same, but their
supersonic part had a profile of minimum length, and the angle between the contour and the
axis of the channel at the edge was ~4°. The basic parameters were: d*¥ = 1.2 mm, d = 5.9 mm,
corresponding to area ratios of 24.6 and 29.7. The length of the units in the direction of
flowwas 15 mm. The subsonic part was conical with a half-angle of 60°, and in the transonic
region there was a cylindrical part 0.5 mm long.

2. Figure 1 shows dimensionless profiles for nozzle I of the total head P§ = pd/ps (where
po is the total pressure downstream of the mormal shock and upstream of the nozzle lip), the
static pressure P = p/p , the values of the total pressure recoverv coefficients ¢ = Po/Pf
calculated with respect to p§ and p in a cross section 20 mm high, and the Mach numbers M
(points 1-4 correspond to P§ x 10%, P x 10%, M, and ¢ x 10 respectively). The measurements
were performed along the axes of symmetry of the cross section. The coordinate y = 0 cor-
responds to the lower (wide) wall, and z = 0 to the side wall. The Pitot pressure in these
experiments was py = 2.1 MPa.

The nonuniformity of the P(y) profile is related to the character of the streamlining of
the corner point of the nozzle (see [8] for more details). The appreciable nonuniformity of
the parameters along the z axis is a result of the side walls of the nozzle not being profiled.

In this case a shock wave directed perpendicular to the wide wall is produced near the criti-
cal cross section [9].

For the experimental data the displacement thickness of the boundary layer on the wide
wall of the channel was found to be §* = 0.87 mm. Calculation with the relation obtained
from experiments with wind tunnel nozzles [10] gave 8* = 0.64 mm. There is a considerable
difference between the Mach numbers in the flow core and the values determined from the di-
vergence ratio of the nozzle (M°). ©Near the channel axis M = 4.35, whereas M° = 5.13. The

presence of shock waves in the flow leads to a large loss of total pressure (on the channel
axis o = 0.65).
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A qualitatively similar pattern is observed also at the exit of nozzle II. The dimen-
sionless pressure in the stream here is little more than half as large as in nozzle I, but
the pressure loss is more substantial (at the center of the cross section ¢ = 0.34). There-
fore, in spite of the considerable increase of the divergence ratio, the Mach number was lit-
tle changed, and was 4.46 at the center of the cross section.

The distribution of the gasdynamic parameters in the channel downstream of a honeycomb
nozzle is given in [11]. They are characterized by a substantial nonuniformity due to the
necks between individual openings.

Using the experimental results shown in Fig. 1, we calculated the characteristics of the
average flow with the same flow rate, momentum, and enthalpy as in nonuniform flow. A sim-—
plified method of averaging was used [12]. The calculation gave the following average flow
parameters: <P{>, = 5.00-107% (for M° = 5.13, P§ = 5.42-107%), <M>, = 3.90, <o>, = 0.33.

3. Using nozzle I, experiments were performed with channels having a ratio of sides B =
1.2, 3.8, and 8.9. The pressure distribution on the wall for these values of B is shown in
Fig. 2a-c respectively (nozzles II and III were used only with the channel having B = 3.8).
The ordinate on the left-hand side is the relative pressure on the wall, and the abscissa is
the dimensionless length Ly = 7/d, where 7 is the distance from the exit section of the noz-
zle, and d is the hydraulic diameter.

The experiments with the channels having B = 1.2 and 3.8 were performed at Pe =-2.1 MPa,
and those for B = 8.9 at pgy ® 3 MPa. Each curve in Fig. 2 corresponds to a definite output

of the ejector.

Qualitatively the character of the P(Lg) relation corresponds to the available results
on the pressure variation in the pseudoshock obtained in cylindrical pipes. However, in
channels with a large ratio of the sides, P does not always vary smoothly with Lq (curves 6,
7, 12-14). TFrom all appearances the characteristic behavior of the pressure variation in
these experiments for large B is related to flow separation. Earlier [6] flow separation was
obtained in the entrance part of the pseudoshock in channels with B = 3-20, and asymmetry of
the flow was noted. Three-dimensional flow continuing for a considerable distance was ob-
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served also in [5] for a channel with B = 8. Some of the experiments were performed in short-
ened channels with a length equal to the distance to sections A and B (Fig. 2b). The P(Ly)
relations obtained in these measurements agree completely with the pressure distribution
along line 6 upstream of the corresponding cross sections (similar results were obtained in
[3] under other conditioms). Consequently, the relations obtained can be used also to deter-—
mine the efficiency of diffusers shorter than those used in the present experiments.

The flow parameters in cross sections of the pseudoshock were measured with nozzle I

(B = 3.8) at Pf = 2.1 MPa. The location of the cross sections in which the measurements were

made is shown by curves I-IV of Fig. 2b. The results of the measurements and the processing
of the experimental data, are shown in Fig. 3.

4. Let us consider the question of the length I* of the pseudoshock, equal to the dis-
tance from the beginning of the sharp rise to the cross section at which the pressure is
maximum. Because the peak is rather flat, it is. difficult to determine 1* accurately. On the
basis of the experimental data shown in Fig. 2 (curves 1-4, 6-9, 11-14) the relative length
of the pseudoshock is Lg = 1%/d = 15.5 £ 1.5, 23 + 2, and 35 + 5 for B = 1.2, 3.8, and 8.9,
respectively (curves 5 and 10 do not reach a maximum within the limits of the experimental
part). Under similar conditioms L* = 13 in a cylindrical pipe [1]. The dependence of Lg on
B is shown in Fig. 4. A diffuser of constant cross section can be shortened without signifi-
cantly decreasing its efficiency. For example, a pressure equal to 0.95 of maximum is real-

ized at a distance Lg(0.95) =10.5* 1, 17 £+ 1, and 24 = 3 for B = 1.2, 3.8, and 8.9, respec-
tively.

It is known [1] that Lg depends on the average Mach number M; in the entrance section of
the pseudoshock. In the present experiments M; was varied over the limits ~4-3. A definite
dependence of Lg on M; could not be determined because of the flat peak. It can only be noted
that the upper limit of Lg generally corresponds to a larger M;. The values of Lg presented
above include the results of experiments with nozzles II and III also.

The height h and the width b of a rectangular channel (B = b/h > 1) do not have the same

effect on the length of the pseudoshock. On the basis of the experiments performed, the fol-
lowing empirical relation was obtained:

L = I¥/a = 14, (4.1)

where the effective dimension g = h°-%b°-7. The functions L; (B) and Lg(B) are shown in Fig.
4, and in Fig. 2 the upper scale of abscissas is the dimensionless distance L, = 1/a.

For h = b the formula gives a value close to the length of the pseudoshock in cylindrical

pipes [1]. For the other limiting case (b/h~®) Eq. (4.1) gives a physically wrong value of
L,. However,

tions.

the range B = 1.2-8.9 studied is quite sufficient for many practical applica-

Experiments were performed to shorten the slowing-down region. In the experiments with
nozzle I (B = 3.8) this was done by placing grid I of 14 cones at a distance Lg = 1.6. In
another experiment grid II with eight cones was placed in the section Lg = 13.6. Details of

the construction of the grids and the experimental results are shown in Fig. 5.

It is clear that the pseudoshock was shortened by a factor of 2-4 when grid I was lo-
cated in the section Ly = 1.6 (Fig. 5, curves 1 and 2). Simultaneously the maximum effi-

ciency of the pressure recovery was decreased by approximately 10-20% (the open curves are
plotted from data of Fig. 2b for unperturbed flow).
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Placing the grid of eight cones in the section Lg = 13.6 has an appreciably smaller ef-
fect on the length of the pseudoshock (Fig. 5, curves 3 and 4); Ly was decreased by v30%. This
result can be accounted for by the fact that the weakly disturbed core flow is small upstream
of the grid. Therefore, the additional perturbations from the cones are not very effective.

5. Before turning to an analysis of the efficiency of a diffuser of constant cross sec-
tion, we determine the range of its variation. As in [1], we replace the pseudoshock by a
normal shock with parameters upstream of it calculated from the equations of conservation of
mass and energy of adiabatic flow. As a result we obtain an equation for the average param-
eters downstream of the pseudoshock (the flow in the critical section is assumed one-dimen-—
sional):

Pood* = poiAq(hy) = poada(hs). (5.1)

Here poo is the initial total pressure, po: and po. are the average total pressures upstream
and downstream of the pseudoshock (henceforth the subscripts 1 and 2 will correspond to the
averaﬁe garameters in these sections), § is the velocity coefficient, q(d) = ((k + 1)/
2)1/( ~Ua(1 — 2%k — L/ (k + l))l/(k'1 ; k is the adiabatic exponent, and A% and A are the
areas of the critical cross section and the channel respectively. It follows from (5.1)
that

Dy  A* 1 a (3%

== =g e = 5.2
Poo A a(hy) a(hy) ( )

where A° is the geometric value of the velocity coefficient at the nozzle exit, defined as

A/A* and corresponding to an ideal expansion of the gas (henceforth a superscript O corre-

sponds to the parameters of such a flow). In the absence of friction and heat transfer, the

value of 0% = pd,/poo is found from the relation for the normal shock
o5 = q(A)/q(1/1"). (5.3)

Dividing (5.2) by (5.3) and using the relation A, = 1/A, for the normal shock as applied
to the average parameters, we find the ratio of the total pressure po, downstream of the shock
to the maximum possible value pgz:

00 P a9 (5.4)

b o py q(1/hy).

The analogous ratio of the static pressures has the form

no =22 _ y(n?) (5.5)
7y ()
where y(») = ((k 4 1)/2)Y¢=D 71 — ¥k — 1)/(k + 1)).

An approach close to but not identical with that described was used in [10, 13] to
analyze the loss in a channel of supersonic wind tunnels. The total pressure recovery coef-
ficient under conditions typical for such equipment turned out to be close to a® (cf. (5.3)).
In those same papers a parametric analysis of the effect of the boundary layer thickness at
the exit cross section of a supersonic nozzle showed that even for a large change of the Mach
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TABLE 2

0 0 0 0
Mo " min min Me My min min
k 0,72 0,44 10 0,61 0,36
5 0,65 | 038 L 060 | 032

number in the flow core the increase in the loss of total pressure in comparison with (5.3)
is several percent for M° = 10-18. The main result derived in [10, 13] follows from (5.4) as
Ay > A,

In a latter experiment in a wind tunnel the deviation from this rule turned out to be
small even for M° = 3.7 [1l4]. However, the possibility of the extension of the results in
[10, 13] to the supersonic range of velocities and an arbitrarily long channel was not in-
vestigated. Therefore, let us analyze more rigorously the limits of variation of the losses
during slowing down of a supersonic flow in a channel of constant cross section.

The average value of the velocity coefficient in the entrance section of the pseudoshock
can vary over the range 2 << a, < 1. TFor A, = A% the efficiency coefficients of the pseudo-
shock reach the largest value ng = n° = 1. 1In the other limiting case (A, = 1) the slowing
down efficiency in the pseudoshock is minimum. The values of ngmin and npip are listed in

Table 2 as functions of the geometric Mach number M°.

The efficiency of the pressure recovery ng = n° * 1 is realized physically in a channel
of equipment with a well-profiled nozzle at large Re, and the beginning of the pseudoshock
near the exit section of the nozzle when the relative displacement thickness of the boundary
layer 63/d is small. On the other hand, the minimum values ngmin and ”&in correspond to a
small Re and/or a displacement of the pseudoshock far downstream. Table 2 shows that, within
the framework of the model considered, losses related to viscous effects do mot change the
total pressure in the pseudoshock very much even in the limiting case M® » o, M; = 1 (ngmin =
0.60).

Extremely small values of “&in were not reported in the papers with which we are famil-
iar because of the small values of the relative length of the channel (for corresponding Re).
This case was realized in the present experiments in the chamnel with B = 8.9 (curves 15 of
Fig. 2c). The average Mach number was determined at the end of this channel (denoted by a
vertical dashed line). This was done as in [1] by using the relation

1

.’/(M1)=p';ﬁ7 (5.6)
which follows from the equations for the conservation of mass and energy under the assumption
that P, is constant over the cross section of the channel. Calculation gives the value M, = 1.
The increase in pressure after a small expansion of the flow (to the right of the dashed line)
shows that in the cross section under consideration the flow on the average is most likely
subsonic. 1In addition, by using (5.5) the value of the minimum relative pressure recovery in
the pseudoshock was found to be n%in = 0.385, which is in good agreement with the experimental
value npi, = 0.39. This agreement shows that the assumptions used in deriving (5.5) and (5.6)
are realistic.

Now let us consider how greatly the pressures reached in the experiments differ from the
maximum possible. To do this we again return to Fig. 2 where the values of the ordinate P° =
p/ps are read on the right-hand side (in the calculation of p2 for the channels with B = 1.2
and 8.9 the reduction of the cross section by the diaphragms was taken into account). The
largest values of n° (P° at the point of the maximum) in our experiments were 0.86, 0.82,
and 0.76 for B = 1.2, 3.8, and 8.9 respectively. The maximum efficiency of the total pres-
sure recovery was determined in experiments with nozzle I (B = 3.8), when the beginning of
the pseudoshock was found immediately downstream of the exit cross section of the nozzle,
and the measurements were performed at a distance Lq = 36. The average over the area
<Po2max> = 4.65+107% corresponds to ng = 0.9.

Thus, in spite of the large losses in the nozzle, and the appreciable difference between
the average Mach number and the calculated value, the maximum efficiency of the pressure re-—
covery in the pseudoshock is close to the limit for the given expansion ratio of the nozzle.
This is in accord with (5.4) and (5.5), since in this situation X, is little different from
A°.  As noted earlier, a similar conclusion was drawn in [10, 13] on the basis of a computa-
tional analysis of the effect of the boundary layer in a supersonic nozzle on the value of o.
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TABLE 3

No. of No. of
curves in M n’ curves in n n
Flg. 2 Flg. 2
1 0,91 0,96 7 0,82 0,88
3 0,92 0,99 8 0,30 0,88
6 0,36 0,92 1 0,81 0,38
TABLE 4
Reference A(/MA:)" B Ly n’
[6] 16,56 9,08 9 0,47
3 12 0,67
[4], Fig. 5, 6 19,3 7,65 6,4 0,7
(5] ®) 8 12 0,657
[71 6)) 4,5 15 0,52 T
[31, Fig. 8 3) 2 15 0,58—0,77 E

T Ppay/PM0), ¥

In experiments with nozzles II and IIT, which differ from nozzle I in the profile of the
subsonic and supersonic parts and the expansion ratio, the values obtained for the efficiency
coefficients were close to the maximum values indicated above. Thus, for nozzle II n® = 0.90
and ng = 0.95. The open curve in Fig. 2b shows PO(Ld) for a set of conical nozzles. In this
case n° = 0.78 and ng = 0.80. For comparison we present also the value of ndyyx for a cylin-
drical pipe. Under the conditions of the experiments in [1] npax = 0.90. On the basis of
the results obtained it can be stated that the method of profiling and even the method of ob-
taining supersonic flow (nozzle or nozzle sets) in the range of A/A* values studied affect
the losses in the nozzle structures themselves and determine the distribution of parameters
in the exit cross sections, but only slightly change the maximum efficiency of the pressure
recovery. The shape of the channel cross section also hardly changes the values of n%ax-

Nevertheless, the coefficients ng and n° are not a sufficiently general characteristic
of the pseudoshock, since they determine the pressure recovery efficiency of the nozzle-dif-
fuser system. To compare the efficiencies of the pseudoshock itself obtained under various
experimental conditions it is more logical to use the parameter

N = Pa/pa(My), (5.7)

where p, 1s the maximum pressure in the chamnel for an arbitrary position of the beginning of
the pseudoshock relative to the nozzle edge (cross section L,); pz; is the calculated pres-
sure downstream of the nmormal shock for M = M; and p = p,. The Mach number in the cross sec-
tion L, is found from Eq. (5.6) for known P, and A/A*.

In addition, in (5.6) we take account of the coefficient of discharge n of the nozzle:

y(M;) = p(1/P)(A/4*)™ (5.8)

and introduce the parameter

N’ = py/pag (M), (5.9)

where p;1 = pz2, — Ap. Calculations showed that the pressure decrease Ap in the pseudoshock
as a result of friction is relatively small, at least for Regq > 10°. This is confirmed ex-
pe¥imentally [16]. Therefore, we estimated Ap from data for stabilized flow in pipes, and
calculated Reyg from flow parameters downstream of the normal shock in the entrance section
of the pseudoshock. Such a result is given in [2].

The values of n and n' calculated from (5.6), (5.7) and (5.8), (5.9) respectively are
listed in Table 3 for experiments with nozzle T (Red = (2-3)-10°). It was assumed that p =
1. Nearly the same results were obtained also for a larger expansion ratio (nozzle II): n =
0.89-0.94, n' = 0.94-1. We note here that n = 0.95-0.99 for cylindrical pipes also. The
deviation of n' from unity is related to the assumption u = 1, to the approximate method of
taking account of friction, to other assumptions of the analysis, and to the accuracy of the
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experiment. However, on the whole it can be stated that this characteristic of the pseudo-
shock is unaffected by a change of shape, the expansion ratio of the nozzle, the configura-
tion of the channel, and the prehistory of the flow.

On the other hand, the length of the pseudoshock is to a greater extent affected by dif-
ferent factors. This, in particular, is shown by the results of the present experiments and
those in [3, 16].

Taking account of what has been said about the parameter n', we analyzed the data in the
literature on the efficiency of the pseudoshock in rectangular chamnels. The conditions of
the experiments are given in Table 4.

In all the papers examined n' was smaller than in a cylindrical pipe and in a rectangu-
lar channel under conditions of the present experiments. In our opinion the main reason for
the low efficiency of the slowing down of the flow in the investigations analyzed is the in-
adequate length of the channel. With the exception of [3], it turned out to be shorter than
the length of the pseudoshock established in the present experiments (Fig. 4). 1In this case
the mechanism of the pseudoshock is only partially realized (cf. points A and B in Fig. 2b).
The following can be said relative to [3] where, in spite of L > L*, n<<1l. To all appear-
ances the author used a different method of determining n, or simply calculated the pressure
ratio incorrectly. Using the input data of Fig. 8 in [3], we obtained n' = 0.98-0.99, which
is in complete agreement with our experiments.

Thus, as a result of our research we found the dependence of the length of the pseudo-
shock in a rectangular channel on the ratio of the sides for M; = 3~4. When the length of
the channel is greater than the values given by Eq. (4.1), the maximum pressure recovery is
close to its value in a circular pipe. The low efficiency of rectangular diffusers in the
previous research is related mainly to the inadequate length of the experimental channel.

The magnitude of the efficiency coefficient of the pseudoshock (n' = 0.9-1) does not de-
pend on the expansion ratio, the shape of the nozzle, the configuration of the channel, or
the prehistory of the flow. Thus, our results enable us to choose the optimum length and
to determine the pressure at the exit from a rectangular diffuser of constant cross section
for B < 9 and M; = 3-4.
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DEVELOPMENT OF INTERNAL WAVES GENERATED BY A CONCENTRATED PULSE SOURCE
IN AN INFINITE UNIFORMLY STRATIFIED FLUID

N. A. Zavol'skii and A. A. Zaitsev UDC 532.592+551.466.81

1. The question of the fundamental function of the internal wave operator (FFIWO) in an
infinite incompressible uniformly stratified fluid has been raised several times in recent
years (see [1-4], say). This is natural: Its solution is of top priority in construction of
a theory of linear forced internal waves (FIW). Almost everything is now known about FFIWO;
in particular, a representation has been found in the form of a single integral in the fre-
quencies, and its asymptotic has been obtained for large values of the time. Available in-
formation about the field of unsteady FIW is not detailed enough, however; there is no infor-
mation about the limits of applicability of the asymptotic formulas, and no complete clarity °
relative to the initial stage of wave field evolution. The gap can be eliminated by using a
numerical computation, but this has not yet been done, and this paper intends to fill this
gap. 1ts main content is the elucidation of results of a computer computation of the integral
representation for an unsteady FIW field, and their comparison with a computation of the
asymptotic for this field in order to determine its range of action.

The FFIWO has no direct physical meaning; hence, the main attention will not be turned to
this function. From the physical viewpoint, the consideration of the wave function of a con-
centrated pulse source (CPSF) is expedient (especially if we have in mind the application to
problems of stratified fluid flow around bulk bodies). It was not apparently studied in de-
tail earlier. Our computations refer precisely to the case of the action of a concentrated
pulse source in an infinite incompressible uniformly stratified fluid. Since both functioms,
the FFIWO and CPSF, are closely interrelated, appropriate deductions relative to the proper-
ties and behavior of the fundamental function can be made from these computations. There are
certainly distinctions. They will be mentioned below, together with the similarity in the
behavior of these functiomns.

2. As the CPSF we take the vertical displacement of a fluid particle due to the FIW. We
denote it by ¢ = ¢(x, vy, z, t). Here x, y, z are the two horizontal and one vertical coordi-
nate of the observation point (the z axis is directed upward), and t is the time. The origin
of the right-handed rectangular coordinate system is set at the location of the pulse source
whose action occurs instantaneously at the time t = 0 and causes the appearance of the FIW.
We consider that an incompressible fluid fills the whole space and is stratified uniformly
along the vertical. The Weisailla frequency therein is constant and equal to N. The exami-
nation is performed within the framework of linear theory and the Boussinesq approximation.

The equation of FIW dynamics has the following form in this case

(%82 + 92 + 82) + N2(0% + 63)) b (2, ¥, 2, £) = Q308 (z, ¥, 2, 2), (2.1)

where Q is the total debit of the source of the mass, 9y, By, dgz, 9y are differentiation op-
erators with respect to x, y, z, t, respectively, and §(x, y, z, t) is the Dirac function.
The quantity r satisfies the causality condition

=0 for t <O (2.2)
(in the sense of the theory of generalized functions [5]).

Gor'kii. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnischekoi Fiziki, No. 6, pp.
58-64, November-December, 1984. Original article gubmitted July 24, 1983.
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