5. B. V. Dzyubenko, L. A. Ashmantas, A. B. Bagdonavichyus, and M. D. Segal', Inzh.-Fiz. Zh.,
54, No. 4, 533-539 (1988).

6. L. A. Ashmantas, B. V. Dzyubenko, G. A. Dreitser, and M. D. Segal, Int. J. Heat Mass
Transfer, 28, No. 4, 867-877 (1985).

7. E. K. Kalinin, G. A. Dreitser, V. V. Kostyuk, and I. I. Berlin, Methods of Calculating
Coupled Heat-Transfer Problems [in Russian], Moscow (1983).

STUDY OF A FINNED TWO-CHAMBER VORTEX TUBE

A. N. Azarov and P. E. Krotov UDC 621.565.3

A two-chamber "module'" of a multichamber vortex-type cold-air machine is examined
in four operating regimes.

Vortex tubes with internal and external finning of the cold-cooled energy-separating
chamber {1, 2] are used in small air-conditioning units for commercial electronics, in de-
vices providing individual and group protection of workers from heat in hot shops, and in
other applications. Expansion of the range of use of this equipment is requiring a further
improvement in their service characteristics. The foremost needs are to increase the range
of temperature control and the discharge of cooled flow and to enable the equipment to be
attached to existing air supply system — which are chracterized by a wide range of compressed-
air pressures. The use of two-chamber [3] and multichamber [4] vortex units has some potential
in this regard.

The simplest two-chamber module of a multichamber vortex-type cold-air machine is a
design with identical (F, = F,; regime A) or different (F # F,;_regime B) inlet sections
in the swirl chambers (Fig. 1). If necessary, only one inlet (F, or F,; regime C) can be
connected to a compressed-air main. It is also interesting to_explore the possibility of
producing cold with two inlet connected to the source (F, and F,) but with the removal of
the cold flow through a single outlet channel 3 (regime D) rather than two, as in regimes
A, B, and C.

Figure 2 schematically depicts the operating regimes of the two-chamber module.

The diameter of the swirl chambers of the module we studied was 38 mm; the relative
cross-sectional area of the inlets F = 0.08-0.11, the length of the unfinned initial section
7 (see Fig. 1) was 114 mm, the distance between the nozzle sections of inlets 1 and 2 (the
axial length of the module without the outlet channels 3) was 533 mm, and the area of the
internal and external finning was 0.21 and 2.94 m?, respectively.

Tests were conducted with undried compressed air. The temperature in the experiment
was measured by thermocouples to within 0.1 K, pressure was measured by manometers with an
accuracy of class 0.6, and flow rates were determined by means of Venturi meters.

In regime A, we obtained two cold flows with identical temperatures and flow rates.
Figure 3a shows the temperature-energy characteristics of a two-chamber module with cold-
flow outlet channels in the form of a pipe (solid curves) or a slitted diffuser (dashed lines).

In regime B, the discharge of the cold flows was redistributed in the following propor-
tion
Gx1: Fl

ze F'-‘ .

(1)

Thus, a swirl chamber with a large inlet cross section operates at y, = Gx/Gc < 1, while the
second chamber studied operates at p, > 1. The temperatures of the cold flows in the left
and right outlet channels 3 (see Fig. 1) were different, with the size of the axial hole

6 in the central fin having a decided effect on this difference. The relative diameter of
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Fig. 1. Diagram of two-chamber module: 1, 2) inlet nozzles for
compressed air; 3) outlet channels for the cold flow; 4) energy-
separating chamber; 5) internal and external finning; 6) variable
axial hole in the central fin; 6) unfinned conical section of

the chamber (a = 3°).
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Fig. 2. Operating regimes of the two-chamber module.

the hole Do = D./D was taken equal to 0.29; 0.45; 0.64; 1.16. Here, the relative diameter of
the axial hole in all of the remaining fins Bf = Df/D = 1.16 and the relative cross section
of the nozzle inlets ¥, = 0.11, F, = 0.08, respectively, for the first and second chambers
of the module (Fig. 3b-e). It was established that a decrease in D, is accompanied by a dif-
ference in the temperatures of the two cold flows, with no change in the energy efficiency
of the module. In the case of counter rotation of the vortical flows in the two-chamber
module, the difference between the temperatures and velocities of the two cold flows (regime
D') is lower than with unidirectional rotation (regime D), i.e., Eq. (1) is not satisfied.
This can be attributed to the development of considerable turbulence at the site where the
vortices meet and, thus, to an increase in the resistance to the movement of the axial flow
through hole 6 (see Fig. 1).

Analysis of the experimental results made it possible to establish mathematical rela-
tive quantity ATy,/ATy; and the ratio F,/F;:

AT /ATy, = 3F,/Fy, (2)
as well as with the relative diameter of the axial hold Bc‘
ATyo/ATy, = 3,8D, +0,5. (3)

Equation (2) is valid at 1.0 £ F,/F, < 1.5 and D, = 1.16, while Eq. (3) is valid at 0.29
1.16 and F,/F, = 1.5.

It was established that it is possible to additionally reduce the temperature of the
cold flow when the module is operated in regime A — with removal of some of the heated peri-
pheral layers of gas from the middle of the energy-separating chamber — or in regime C, i.e.,
with 4 < 1. In regime C, the maximum of exergetic efficiency [5] is attained with opera-
tion on undried air at p = 0.7 (Fig. 3f), while the maximum value of the energy efficiency
index is reached at u = 0.6-1.0.
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Fig. 3. Characteristics of a two-chamber module: a) dependence of the
cooling effect ATy and the energy efficiency coefficient ng on pg; b-e)
dependence of the cooling effect ATy on pg, Do. and the direction of
rotation of the vortical flows (solid lines show data for unidirectional
flow, dashed lines show data for counter flow): 1) first chamber of
module; 2) second; 3) average value of ATy; f) dependence of the
cooling effect ATy (solid curves) on the exergetic efficiency Nex
(dashed lines) on p at w7: 1) 1.15; 2) 1.18; 3) 1.20; 4) 1.22; 5) 1.26.
ATy, K; peo, MPa.

NOTATION

D, diameter of the vortex tube; Dc, diameter of the axial hole in the fin; F, cross-sec-
tional area of the inlet nozzle; pg, Pxs total pressures of the compressed air and cold flow;
F = 4F/mD?, relative cross sectional area of the nozzle inlet; m = p./pg, pressure ratio;

ATy = To = Ty, cooling effect; T., Ty, stagnation temperature of the compressed air and cold
flow; ke, kin, finning coefficients of the external and internal surfaces of the energy-sep-
arating chamber; Gc¢, Gx, mass flow rates of the compressed air and cold flow; u = Gx/Ge,
relative discharge of the cold flow; ne = uATx/ATS, energy efficiency coefficient; ATg,
cooling effect with isentropic expansion from the pressure ps to the pressure px; nex,
exergetic efficiency of the vortex-type cold-air machine [5].

LITERATURE CITED

Vortex Tube: Inventor's Certificate No. 456118 USSR: MKI® F 25 B 9/02.

Vortex Tube: Inventor's Certificate No. 1099193 USSR: MKI2® F 25 B 9/02.

Vortex Tube: Inventor's Certificate No. 735887 USSR: MKI® F 25 B 9/02.

P. E. Krotov, "Design and study of vortex-type cold-air machines for individual heat-
protection devices," Author's Abstract of Candidate's Dissertation, Engineering Sciences,
Odessa (1984).

5. V. M. Brodyanskii, Energy Method of Thermodynamic Analysis [in Russian], Moscow (1973).

WM
e s« .

954



