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An approach to the description of mixing of the relaxing gases behind an array
of small-scale nozzles is proposed, on the basis of a spectral model of turbu-
lence and the density function of the probability distribution for the concen-
tration.

In any practical applications, it is necessary to calculate the flow behind the plane
of an array consisting of a large number of small-scale nozzles (Fig. 1). Such arrays are
usually employed for the rapid mixing of various gases and the preparation of a homogeneous
medium with specified characteristics. As a rule, because of the velocity difference of the
adjacent jets, the flow behind the plane of the nozzle array is turbulent and may be de-
scribed by a system of three-dimensional dynamic Reynolds equations [1]. Solving such a
system of equations using even the simplest model of turbulence is very complex. The prob-
blem becomes even more complex on taking account of nonequilibrium excitation of internal
degrees of freedom of the molecule, with subsequent relaxation. This must be taken into
account in considering flow with large gradients of the gas-dynamic parameters, for example,
in gas-dynamic [2] and chemical [3] lasers, including gas-dynamic lasers with mixing (GDLM)

[4].

In analyzing GDLM, it is usual to make a series of assumptions leading to a simple
model of mixing.

The model of "instantaneous" mixing, based on integral relations expressing the conver-
sion of mass, momentum, and energy, permits quantitative estimation of the gas-dynamic param-
eters of mixing at the molecular level of the flow and, in some cases (when the characteris-
tic time of mass transfer is less than the relaxation time), satisfactory description of the
distribution of laser characteristics of the medium (amplification factor, specific energy
reserve) downstream from the nozzle array [5]. However, in such an integral approach, the
dynamics of flow transition from the initial to the final state is unknown (even through
these states are completely determined). Therefore, in those cases where the gas-dynamic
parameters of the final state differ significantly from the mean parameters at the plane of
the nozzle array, the model of "instantaneous" mixing is unsatisfactory, since it is neces-
sary to take account of the change in mean quantities because of breakdown of their pulsa-
tional fields in the mixing process.

Attempts to take account of mixing dynamics on the basis of the model of "open current
tubes'" were made in [6-8]. In this model, the transverse mass transfer is taken phenomeno-
logically into account, as well as the momentum and energy transfer, by introducing two ini-
tially unknown functions G;(x), which are the flow rates of the pure components in the mixing
layer. Determining the form of these functions on the basis of any additional information
is the basic problem in using the given model. As shown in [8], on specifying G;(x) in the
form of linear (or other simple) functions of the longitudinal coordinate x, when the number
of arbitrary parameters is a minimum, the quantitative agreement of the results of calculat-
ing the laser characteristic with the experimental data is not satisfactory.

The basic deficiency of these approaches to the calculation of laser characteristics of
supersonic relaxing jets is that they take no account of the delay in mixing to the molecular
level due to the complex evolution of the initially large moles of pure component in the
turbulent velocity field and the finite rate of molecular diffusion. This delay of mixing
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Fig. 1. Mixing array of small-scale nozzles.

Fig. 2. Calculation of mean velocity u, m/sec (a), pressure
P, Pa (b), and temperature T, K (c) behind the plane of the
nozzle array in the mixing of nonrelaxing jets N,—N,: 1) by
the present model with ¢ = x/L,, v = 1 — x/L,; 2, 3) by the
model of [8] with L,/L; = 1 and 2.5, respectively (L, = 40
cm); 4) by the model of "instantaneous' mixing.

in flows with vibrational and chemical disequilibrium was taken into account in [6-11}, for
example, on the basis of the model of "nonmixing" and "damping" of the reaction rate con-
stants, by multiplying them by a "nonmixing" function which depends on the mean square pul-
sations of the concentration.

In the present work, an approach to calculating mixing and relaxation processes behind
an array of small-scale nozzles is developed, using the density function of the probability
distribution (DFPD) of the scalar field and the equations of turbulent mixing for the distri-
bution function of the intensity of velocity and concentration pulsations over the spectrum
of length scales.

With all the complexity of the turbulent-mixing process, it may be noted that the flow
behind the plane of the nozzle array is characterized by the presence of macromoles of the
pure components and regions with a homogeneous composition in which the components are al-
ready mixed to the molecular level. Introducing the functions G;(x) describing the mass
flow rates of the components mixed to the molecular level, the following obvious relation
holds ‘

Gi(x) =G, i=1,2, (1)

where G;° is the total flow rate of the i-th component; ¢ (x) is the proportion of components
mixed to the molecular level.

Writing one-dimensional steady Euler equations for each component of the medium, under
the assumption that the transverse pressure gradient is zero, and introducing phenomenologi-
cally, according to Eq. (1), the mass transfer between the components, the following initial
system of dynamic equations is obtained

_L_dEL+_1_ du; - U d4 _ 1 d9 : (2)
p; dx u; dx A, dx l—¢ dx
du; dP
i =09 3
P dx + dx (3)
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Quantities with no subscript i correspond to regions of the flow where the components are
mixed to the molecular level. In the equation for the total enthalpy — Eq. (7) — in con-
trast to the analogous equation of [6-8], there is an additional term of the form (dy/dx)-

u'2(0)/2, refining the energy structure of the flow behind the plane of the nozzle array.
The mean mass velocity at the onset of mixing is defined as

4(0) = %' (9)

The mean square velocity pulsations relative to the mean mass level may be written in the
following form, taking account of Eq. (9)

(u? — ug)zﬁa

(1 -+ 8¢)?

It follows from Eq. (10) that, when §g ~ 1, and with a sufficiently large velocity differ-
ence of the flows at the array cross section, the energy of pulsations of the velocity field
cannot be neglected, since it becomes comparable with the kinetic energy of the mean motion.
Hence, the total enthalpy of the flow must include three terms: H, the mean specific enthal-
py; u?/2, the kinetic energy of mean motion; u'?/2, the energy of turbulent pulsations of
the velocity field. The function P(x) = u'2(x)/u'2(0) introduced in Eq. (7) characterizes
the intensity of the turbulent velocity field. After reducing to normal form and adding
kinetic equations, the system in Eq. (2)-(8) may be written in the form

77 0) = (10)

P P [d4, |
e — S .
dx Sa [ dx p4_SG}' (11)
du; _ thay  dP
dx P dr (12)
a7, I 4P
AL gL 4P w],
d [ BP  dr ] (13)
du M dP
e P in + Qus (14)
ar 1 ap
=T | —— 8, —S.— Sy ]:
de [ P dax T e S“’]’ (15)
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Q is the set of indices of the vibrational medes of the mixture in equilibrium with the
translational temperature; (de;/dx),e] is the relaxational component of the kinetic equa-
tions, in which the constants of V-V, V=T, and V-V' exchange from [12, 13] are employed.

To compare the gas-dynamic model obtained in Egqs. (11)-(17) with the model of [8], the
mixing of nonrelaxing jets of hot (T,, = 2000 K, Py, = 1.0 MPa) and cold (Ty; = 300 K, P, =
0.9 MPa) nitrogen is calculated, with the following parameters in the plane of the nozzle
array: T, = 58.8 K, P; = 3206 Pa, u; = 698 m/sec, T, = 292 K, P, = 1036 Pa, u, = 1918 m/
sec. After calculating the shock-wave interaction and additional expansion of the jets by
the method described in [7], the gas parameters are as follows: T; = 41.3 K, T, = 331 K,
u; = 723 m/sec, u, = 1897 m/sec, P, = P, = 898 Pa.

The results of calculating the mean gas-dynamic parameters of the flow by the "instan-
taneous'-mixing model [8] with two values of the ratio of the disappearance lengths of
the cores of pure components L,/L; and the model in Eqs. (11)-(17) with linear dependences
P(x) = /Ly, ¥(x) = 1 — x/L, are shown in Fig. 2. It is evident that, when L, = L,, the
model of [8] is closest to the present model in describing the distribution of the mean
velocity and pressure in the flow, but the mean temperature differs very significantly here.
When L,/L; = 2.5, the difference in the mean-temperature distributions decreases, but at the
same time becomes larger for the mean velocity and pressure. Thus, Eq. (7) and the propor-
tion of mixed components in the form in Eq. (1) significantly influence the distribution of
mean gas-dynamic characteristics of the flow, and the functions ¢ (x) and Y(x) must be found
on the basis of a more adequate model of turbulent mixing if they are to be satisfactorily
described.

In the initial section of the flow behind the plane of the mixing array (Fig. 1), the
turbulence is significantly nonequilibrium in type. Disequilibrium appears in the lack of
development of the intensity spectra of the turbulent pulsations of velocity and concentra-
tion with respect to the length scale and also in the pronounced deviation of the single-
point distribution functions of the concentration [14] and velocity from Gaussian form.

At the same time, second-order single-point models (of type k—e) describe mixing processes
under the assumption of equilibrium of all the turbulence characteristics [15-17]. In addi-
tion, these models bear no information on the proportion of the components mixed to the
molecular level, which is an important characteristic for relaxational processes occurring
as a result of the molecular collisions. Therefore, for the correct modeling of relaxation
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Fig. 3. Comparison of amplification factor
@, m™ %, calculated by the present model
(continuous curve) and experimental data
[27] (a), and variation in @ and ¢y along the
longitudinal coordinate x, cm, behind the
plane of a nozzle array (b); 1) experiment.

processes, the minimum possible level of description of turbulent mixing is the use of two-
point moment characteristics of turbulence and single-point probability densities. Accord-
ingly, it is important to consider two aspects in the interaction: the dynamics of the
intensity distribution of the pulsational concentration field with respect to the spectrum
of length scales and the dynamics of the concentration pulsations. The first aspect is de-
termined by the turbulent small-scale motion of the gases being mixed; the second is asso-
ciated with the action of molecular diffusion; they interact because the evolution of the
intensity distribution of the concentration pulsations with respect to the length scale cre-
ates variable boundary conditions for the molecular diffusion. In [18], equations were
given for the spectral distributions Py(tr) and P;¢(r)

PP oy P [ D P+
ot r (18)
S 4
+ 2[v + v_ﬁ/r’Pt (rydr ] [-?%};tz—(f)— + __é__q%r_)_ —— P, (r)l;
0 .
P10 _ 98y/7F, (r)[ oPi(r) 4 2 Pi_(r)} +- (19)
ot or r
[P 9 (D) 2 .
ot [vrrere| [P 2 F0 S R0
0 . .

where v, ¥ are the mean kinematic viscosity and diffusion coefficient; y, B are constants
determined from experiment. The system in Eqs. (18)-(19) describes the mixing of the com-
ponents in an isotropic turbulent flow, in which turbulent motion is small-scale, while the
medium is homogeneous on average and mixed to macromoles of the mixture. In fact, for arrays
with a characteristic linear dimension Ly ~ 107'...1 m, individual-nozzle dimensions ry ~
1073 m, mean flow velocity U ~ 10% m/sec, and velocity difference of adjacent jets |u1° -
u,®| ~ 102-10° m/sec

r0<<Lm’T<<Tm5 (20)

where Ty = Ly/U ~ 107%-107% sec; t = ro/|u;® — u,®| ~ 107°-107° sec.

The Reynolds number of the flow overall when v ~ 107%-10""% m?/sec is large (Re = ULp/
v ~ 105-107); therefore, it is natural to suppose that, in sufficiently small regions of
the flow with a dimension of order r,, the hypothesis of locally isotropic turbulence may
be adopted with good approximation [19] and, in describing such flow, it is natural to use
the apparatus developed in the theory of isotropic turbulence. In some cases, the most sig-
nificant effects of inhomogeneity may be taken into account using the model of [18] with a
mean velocity, density, or any other parameter which varies over time {20, 21]. Solving
Eq. (18) for Py(r), the expression for y(x) may be written in the form

wrx) 1 ”P .
=0 "o 0" (21)

b (x) =
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where the relation between the coordinate and the time is

dt - d)f ) R (22)
1 (x)

In determining the proportion of components mixed to the molecular level P(x), it is
necessary to use the DFPD of the concentration field. As a rule, in calculating the DFPD,
the presence of the spectrum P+¢(r) is not taken into account. The state of the concentra-
tion field in this respect is taken into account in terms of the mean length scale or the
mean dissipation rate of the intensity of the concentration pulsations. However, if the
multiplicity of scales of the mixing process is disregarded, perceptible errors may result
[22]. The equation for a single-point DFPD of the concentration [23] in the case of an iso-
tropic single~scale pulsational field may be reduced to the form [24]

aft(0’7 r) . 3X d ’ ' (23)
ot o2 o [e'fe (e,

A closed equation of analogoﬁs form was obtained in [25] by the method of the linear mean-
square approximation (LSME). The solution of Eq. (23) takes the form

Fo(c) = €17 (eI, (24)

The function in Eq. (24) is a nonrealistic model of turbulent mixing, since at any time it
depends on the form of the initial distribution fo,'which contradicts experience. This re-
veals a serious deficiency of the LSME method: It incorrectly describes small-scale mixing.
Taking into account that the mixing process has a multiplicity of scales corrects this sig-
nificant deficiency. The expression for fi(c') taking account of the correlation of the
dynamics of the intensity distribution of the concentration pulsations with the process of
molecular diffusion is as follows

Fo@) = [ 7 (™ RE (nydr. (25)

b

Here the solution in Eq. (24) is averaged over the probability distribution of the scales
R¢€(r). Equation (25), written in terms of the spectrum P{C®(r), takes the form

€)= | o€ P (), 26
Ao

where A, is the scale characterizing the dimension of the flow region in which the compon-
ents are mixed to the molecular level. The scale X, at each instant of time is less than
the microscale of turbulence for the concentration field and is found from the integral
equation ‘

? 6Xt/r® pe

e Pi(r)ydr =1
§ i (r) 27
The initial DFPD of the concentration when only pure components are present in the flow

is usually chosen in the form of a sum of two § functions with some weighting factors (for
example, n = §¢)

1
fol0) = —2—8(c—c) + —— 8(c—uc,).
0 l—l—ﬂ, ( 1) 1+n ( 2) (28)
The mean concentration is constant for the whole flow.
__”% ﬂncl—L—cz
C—ijo(c)dc"’ 1+ n : (29)
Introducing the variable ¢' = ¢ — C, an expression is obtained for the DFPD of the fluctua-
tional field c' initially
— . 30
fo(C) = 6{0’—}—012 Gy 1 515'_11@_ (30)
I+ n I~n 14+ n 1+4n
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The proportion of components ¢ (x) mixed to the molecular level, expressed in terms of the
DFPD of the concentration pulsations, is determined as follows

Co—C —4a

S c'f(c'ydc’ j._ cf(c')dc’
o (x) = ___j§%,__________ —1— £%FL__________, (31)
g' ¢'folc)de’ 5 (e dc

] C1— ¢

where A > 0, A > 0. If the function P,S(r) is not normalized to unity initially (i, = O,
i.e., only pure components are present in the flow), then Eq. (31) may be reduccd to the
following simple form, taking account of Eq. (26) and (30)

©

9() = 1= [ Pir) ar. (32)
Ao

The relations obtained for ¢ (x) and V(x) determine the intensity of the turbulent
velocity field and the mixing of the flow to the molecular level in the gas-dynamic and
kinetic equations. The degree of mixing of the laser-active components in the supersonic
turbulent flow of a CO, laser with mixing was taken into account in [26] using the DFPD
of the concentration. However, the parameter characterizing the degree of mixing was deter-
mined on the basis of information on the single-point moments of the concentration field
and taken into account only in the kinetic equations, which were solved separately from the
one-dimensional gas-dynamic equations. The approach described in the present work allows
the fact that the turbulent velocity and concentration fields have multiple scales to a
significant extent to be taken into account, as well as their influence on the mean gas-
dynamic and relaxational characteristics of the flow. ’

On the basis of the above approach, the characteristics of vibrationally-nonequilibrium
CO, and N, flows mixing behind the nozzle array are calculated. The initial parameters of
the flows before mixing are as follows: r;° = 0.171 cm; r,° = 0.372 cm;3 u,° = 619 m/sec;
u,? = 1880 m/sec; T, = 64 K; T, = 355 K; p = 1040 Pa. The system in Eqs. (18)-(19) is
solved with initial conditions for P,(r) and P,%(r) taken from [18] and constants y = 0.07,
B = 0.01. The dispersion of the initial distributions P,(r) and P,(r) is o, = 0.5, 0O¢ =
1.5, respectively. The turbulent Reynolds number, calculated from the scale & = 4r;%,?%/

(r;° + r,%) = 0.476 cm, is Ry = quQ(O) £/v = 3095. The functions ®? (x) and ¥(x) obtained
from Eqs. (32) and (21), taking account of Eq. (22), are substituted into Egs. (11)-(17).
Thus, they are taken into account as external information in the relaxational equations

and the equations for the mean gas-dynamic quantities. The results of calculating the mean
(in the direction of the beam) amplification factor @ and comparison with experimental re-
sults [27] (Fig. 3a) reveal not only qualitative but good quantitative agreement, which
confirms the correctness of using the given approach to describe the turbulent mixing of
relaxing gases behind the array of small-scale nozzles. The variation in ¢ and ¢y with re-
spect to the coordinate x is shown in Fig. 3b. It is evident that, when the proportion of
mixed components reaches the level ¢ ~ 0.4, the intensity of pulsations of the turbulent
velocity field is ¢ ~ 0.1 and further mixing is determined basically by the slow process

of laminar diffusion. Small values of y and B in comparison with subsonic flow behind a
small-scale array with large Reynolds numbers [18] indicate fast laminarization of the super-
sonic flow.

Note that, in the present work, the influence of variability of the mean density and
the density pulsations on the gas-dynamic and turbulent characteristics of the flow was
ignored. Taking this influence into account would evidently allow more accurate values of
v and B to be determined.

NOTATION

p, density; u, velocity; T, temperature; P, pressure; H, specific enthalpy; u, molecu-
lar weight; es;, mean number of vibrational quanta of j-th vibrational mode; Ex, molar con-
centration of k-th type of molecules; G;, mass flow rate of i-th component in a state of
mixing to the molecular level; G;°, total mass flow rate of i-th component; Nj, number of
nonequilibrium vibrational modes in mixture; gj, 93, multiplicity of degeneracy and charac-
teristic vibrational temperature of the given vibrational level of the j-th mode; &, mean
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(in the direction of the beam) amplification factor of medium; P¢(r), Py®(r), distribution
of intensity of pulsations of the turbulent velocity and concentration field, respectively,
with respect to the spectrum of scales of length r; v, X, kinematic viscosity and diffusion
coefficient; Ly, U, Ty, characteristic values of the length, velocity, and time scales, re-
spectively, of the mean motion; ry, T, characteristic values of length and time scales, re-
spectively, of small-scale turbuelnt motion; x, longitudinal coordinate; t, time; r;%, ini-
tial linear dimension of jet of i-th component obtained after calculating the shock-wave
interaction and additional expansion of the flows close to the plane of the nozzle grid; c,
%, ¢!, instantaneous, mean, and pulsational value of the absolute concentration of the
component in the flow, respectively; fi(c), density function of probability distribution of
the concentration field; ¢, proportion of components mixed to molecular level; ¢, intensity
of turbulent velocity pulsations, normalized to the initial value u'?(0). Indices: i =

1, 2, number of component being mixed; j = 1, 2, ..., Nj, number of nonequilibrium vibra-
tional mode; L, N, linear and nonlinear molecules, respectively; superscript 0, initial val-
ue of parameter at the array plane.

LITERATURE CITED

1. A. S. Monin and A. M. Yaglom, in: Fifty Years of Mechanics in the USSR [in Russian],
Vol. 2, Moscow (1970), pp. 461-505.

2. S. A. Losev, Gas-Dynamic Lasers [in Russian], Moscow (1977).

3. N. G. Basov (ed.), Chemical Lasers [in Russian], Moscow (1982).

4., R. I. Soloukhin and N. A. Fomin, Gas-Dynamic Lasers with Mixing [in Russian], Minsk
(1984).

5. 0. V. Achasov, R. I. Soloukhin, and N. A. Fomin, Kvantovaya Elektron., 5, 2337-2341
(1978).

6. Dzh. Imen'yuel, in: Handbook of Chemical Lasers [Russian translation], R. W. Gross
and F. Bott (eds.), Moscow (1980), pp. 543-630.

7. A. 5. Boreisho, V. F. Lebedev, V. V. Lobachev, and A. V. Morozov, Inzh.-Fiz. Zh., 47,
No. 1, 53-59 (1984).

8. 0. V. Achasov and N. V. Trofimov, in: Thermophysical and Physicochemical Processes
in Power Plants [in Russian], R. I. Soloukhin (ed.), Minsk (1986), pp. 3-11.

9. E. Spiegler, M. Wolfshtein, and Y. Manheimer-Timnat, Acta Astronaut., 3, No. 3-4,
265-272 (1976).

10. V. G. Gromov, O. B. Larin, and V. A. Levin, Khim. Fiz., 3, No. 8, 1190-1196 (1984).

11. J. S. Evans and C. J. Schexnayder, ATAA J., 18, No. 2, 188-203 (1980).

12. A. S. Biryukov, Tr. FIAN, 83, 13-86 (1975).

13. 0. V. Achasov and D. S. Ragozin, Constants of Vibrational Energy Transfer in Laser-
Active Media of CO, Gas-Dynamic Lasers with Additions of 0,, H,, H,0, and CO. Pre-
print No. 16 [in Russian], A. V. Lykov Institute of Heat and Mass Transfer, Academy
of Sciences of the Belorussian SSR, Minsk (1986).

14. S. A. Novopashin, A. L. Perepelkin, and V. N. Yarygin, Pis'ma Zh. Eksp. Teor. Fiz.,
44, No. 7, 318-319 (1986).

15. K. Hanjalic and B. E. Launder, J. Fluid Mech., 52, Part 4, 609-638 (1972).

16. V. I. Golovichev, Sh. Manzhi, R. I. Soloukhin, and N. A. Fomin, in: Numerical Methods
of Solution of Transfer Problems. Proceedings of an International School and Seminar
{in Russian], Minsk (1979), Part II, pp. 3-46.

17. V. K. Baev, V. I. Golovichev, P. K. Tret'yakov, et al., Combustion in Supersonic Flow
[in Russian], Novosibirsk (1984).

18. V. A. Sosinovich and V. A. Tsyganov, Inzh.-Fiz. Zh., 46, No. 2, 219-225 (1984).

19. A. N. Kolmogorov, Dokl. Akad. Nauk SSSR, 30, No. 4, 229-303 (1941).

20. V. A, Tsyganov, in: Hydrodynamics and Heat and Mass Transfer in Power Stations [in
Russian], Minsk (1986), pp. 19-23.

21. V. A. Sosinovich, in: Processes of Turbulent Transfer [in Russian], Minsk (1985),
pp. 16-28.

22, V. A. Sosinovich and V. A. Tsyganov, in: Problems of Heat and Mass Transfer '86 [in
Russian], Minsk (1986), pp. 19-23.

23. E. E. O'Brien, in: P. A. Libby and F. Williams (eds.), Turbulent Reactive Flows,
Springer, New York (1980).

24, V. A. Sosinovich, Heat and Mass Transfer: Results and Prospects [in Russian], Minsk
(1985), pp. 55-59. .

25. C. Dopazo and E. E. O'Brien, Combust. Sci. Tech., No. 13, 99-103 (1976).

715



26. V. U, Bondarchuk and S. M. Khizhnyak, Inzh.-Fiz. Zh., 50, No. 3, 491 (1986); Paper
No. 7211-V Deposited at VINITI [in Russian], Moscow (1985). , k

27. 0. V. Achasov, A. S. Boreisho, A. M. Bykov, et al., Investigating the Amplification
Characteristics of CO, Gas-Dynamic Lasers with Nozzle Units of Honeycomb Structure.
Preprint No. 18 [in Russian], A. V. Lykov Institute of Heat and Mass Transfer, Academy
of Sciences of the Belorussian SSR, Minsk (1984),

VELOCITY AND TEMPERATURE FLUCTUATIONS IN A TURBULENT SUSPENSION

I. V. Derevich UDC 532.529:532.517.4

The effect of the particles of a suspension on the spectrum of velocity and
temperature fluctuations is studied on the basis of the equations for the
second two-point moments.

The effect of the particles on the spectrum of velocity and temperature fluctuations
of a gas with particles arises in connection with the propagation of acoustic, optical,
and radio waves in a dusty medium. The distortion of the spectrum of fluctuations of the
gas component due to the particles has not been studied sufficiently either theoretically
or experimentally. There is no data in the literature on the spectrum of temperature
fluctuations of a gas with particles and there is no common view on the nature and degree
of the distortion of the distribution of fluctuation energy of the gas among vortices of
different sizes in a suspension. For example, it is assumed in {[1] that the addition of
particles into a turbulent fluid does not change the intensity of velocity fluctuations of
power-consuming vortices but leads to a suppression of small-scale vortices whose charac-
teristic sizes are smaller than the diameter of the particles suspended in the fluid. The
model of [1] was applied in [2, 3] to the hydrodynamics and heat transfer of the flow of a
suspension in a pipe. In [4] the spectrum of velccity fluctuations of the gas component
of a suspension was studied theoretically and it was found that the intensity of turbulent
velocity fluctuations increases in the inertial part of the spectrum and decreases in the
region of viscous dissipation. But the theoretical picture of the distortion of the spec-
trum of velocity fluctuations of the gas in the presence of particles does not agree with
the experimental data of [5, 6]. In these papers it was established that small particles
lead to a significant decrease in the intensity of turbulent velocity fluctuations of the
gas in energy-containing vortices and in the inertial region of the spectrum, while in the
viscous dissipation region fluctuations increase.

In the present paper we consider a fluid with a small volume concentration of impurity
particles. On the basis of the equations for the second two-point correlations of the veloc-
ity and temperature fluctuations in the discrete and fluid phases we obtain expressions for
the spectral functions describing the intensity distribution of velocity and temperature
fluctuations of the gas phase as functions of the wave number in the inertial and convective
regions of the spectrum. We study the effect of the ratio of the heat capacities of the
particles and the gas and also the molecular Prandtl number of the gas on the spectrum of
temperature fluctuations of a gas with particles.

The system of equations for the second two-point correlations of the velocity fluctua-
tions for the fluid and discrete phases has the following form, assuming homogeneous isotro-
pic turbulence {4]

_a.fiat_(k—’t)——Fu (b, 1) = — VR2Ey (k, £) —2 2 (E. (k, &) — Euo (ks D, (1)
Tu
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