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We give the results of an experimental investigation of heat exchange and hydraulic 
resistance when air flows through micronozzle grids. 

The study of the kinetics of physicochemical processes in stationary flow-through sys- 
teams is carried on by means of hardening devices, one of which is a Laval nozzle or a 
nozzle grid [i, 2]. The hardening device makes it possible to increase the time scale of the 
process under study, whose duration is usually measured in tens or hundreds of microseconds, 
This is achieved by increasing the gradients of the gasdynamics parameters of the medium under 
investigation through a reduction of the geometric dimensions of the hardening device. Thus, 
for a critical cross section height of 10 -3 m the rate of cooling of a gas heated to 1500- 
3000~ is 4.i0B-109 deg/sec [3], and the characteristic gasdynamic time is 

] 1 dT [-1~ 3.10-6 sec. (1) 
t ,  = T d t  

According to [4], such time values ensure a freezing of many physicochemical processes which 
satisfy the condition 

As a rule, the media investigated have fairly large values of dissociation energy or 
excitation energy of the internal degrees of freedom, which necessitates their thermal pump- 
ing to temperatures higher than the maximum values for stability of the structural materials. 
Consequently, the elements of the hardening device must be cooled. 

Attempts to miniaturize the nozzle or the elements of the nozzle grid lead to increase 
in the hydraulic resistance and to intensification of the heat transfer from the gas to the 
wall. However, there are no available data concerning heat exchange and hydraulic resistance 
in such devices with elements having characteristic geometric dimensions of the order of i0 -s 
m, and this is the reason for our investigation. 

If the working medium used is argon with a small amount of the investigated component 
added, the Reynolds criterion in the 1500-3000~ range will be 10a-10 ~. These conditions can 
be simulated in air at a temperature of up to 400~ 

The procedure and the test stand we used are described in [5]. Here we shall mention 
only the characteristic of the elements of the micronozzle grid and the results of the inves- 
tigations. 

The micronozzle grid was a collection of profiled copper blades arranged in a single 
row; the blades had a semicyllndrical frontal part and a shaft in the shape of an equilateral 
triangular prism with a vertex angle of ~ = 306 . The sides of the prism were in planes tan- 
gent to the cylindrical surface. The height of the blades was H = 5,10 -s m, the diameter of 
the cylindrical part was D = I0 -~ m, the spacing of the blades (the throat of the micronozzle) 
in the grids investigated was s = i0 -~ m and 2,10 -4 m. The blades were in good thermal con- 
tact with the heated frame of the grid. 

Table 1 shows the results of one of the experiments conducted with two types of grids. 
The value of the coefficient of heat transfer from the elements of the grid to the air cor- 
responds to its value for the movement of water in pipes [6]. Such large values of the spe- 
cific heat flux and heat-transfer coefficient must inevitably affect the characteristics of 
the investigated medium beyond the hardening device, From =his it follows that heat exchange 
must be taken into account when we calculate the parameters of working media. 
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TABLE I. Values of the Parameters and Thermal Characteristics 
of Micronozzle Grids for Different Air Flow Rates 

I Blad__._e grid 

I s=0 .1 '10  a, m, H=5"10 -a, s=0.2"10 "3m, H=5.10 -3m, n=16, 
Notation ln=18, B =742.5 mm Hg, B =764 mm Hg Ta_,. = 293 K 

Tam b =298 K, Ttherm=333.SK Tther m = 333 K 

6.10a kg/see 
P.10-4 N/m 2 
AT, deg 

7w,  K 
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q.10-6 W/m 2 
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Fig. i. Variation of ~uf/Pr ~ as a function of the Reynolds 
criterion for a nozzle grid with s = i0 -~ m (a) and s = 2.10 -4 
m ( b ) .  

The most convenient form for using the experimental data in t h e  calculations is a criter- 
ion equation. Figure la and b shows the variation of ~uf/Pr T M  as a function of the Reynolds 
criterion in logarithmic coordinates. The corresponding criterion equations have the form: 

for s = i0 -~ m 

Nu----j = 0,15 Re~6SPr ~ ; (3)  

for s = 2-10 -4 m 

N--u s = 0r3 Ref '59pr~ . (4)  

As in [5], in determining the Reynolds number Re the velocity was taken at the minimal 
cross section, the equivalent diameter was Deq = 10 -3 m, and as the determining temperature 
we took the arithmetic mean of the air temperatures at the grid inlet and outlet. In pro- 
cessing the experimental data, we took the temperature of the wall of a grid element to be 
constant and equal to the temperature of the frame. A calculated check of the temperature 
distribution along the height of an element, using the data obtained, confirmed the validity 
of this assumption. The dispersion of the experimental data for a given air flow rate was no 
more than • 

The coefficient of hydraulic resistance of the grid, in accordance with [7], was deter- 
mined from the air parameters at the inlet to the grid. Figure 2 shows the variation of ~ as 
a function of the numbers Re and Reo, in which the quantJ.y used as the equivalent diameter 
was the diameter at the middle section and the ratio of the quadrupled minimal section to the 
wetted perimeter at the minimal cross section, respectively. 
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Fig. 2. Total coefficient of hydraulic re- 
sistance as a function of the numbers Reo 
and Re for grids with: i) s = i0 -4 m; 2) 
s = 2.10 -~ m. 

As a result of the investigation, we obtained the average Nusselt criterion for grids 
with profiled blade elements and the value of the coefficient of hydraulic resistance in the 
range 1000~Re~10,000. 

NOTATION 

t, time; T, relaxation time of the physicoch~mica! process; t,~ characteristic time scale 
for the gasdynamic process; TD temperature; T~, air temperature behind the grid; AT, tempera- 
ture drop across the grid; Tw, temperature of the wall (grid frame); B~ barometric pressure; 
AP, pressure drop across the grid; G, air mass flow rate; q, specific heat flux through one 
of the bases of a profiled grid element; ~, heat-transfer coefficient from wall to air; H, 
height of grid elements; D, Deq, diameter of__elements at the middle section and equivalent 
diameter; s, spacing between grid elements; Nuf, Pr, Nusselt and Prandt! criteria; Re, Reo, 
Reynolds criteria; $, coefficient of hydraulic resistance of the grid; Tamb~ air temperature~ 
Ttherm, temperature of water in the thermostat. 
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