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Abstract: In this paper authors presenstudy a a rotational pneumatic drive with
radial jet action. Rotational pneumatic drive with radial jet action is aiapeérive
using power of compressed air to produce rotational motibe. rétatingmotion is
generated by jetgeneratingtangentialorientedforces whichact on the rotor. This
study presents some dhe theoretical and experimental results referring dperating
parameters of a jet rotation drive
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1. Description of pneumatic drive with radial jet action

Preumatic drive with radial jet action consists of the following ps ¢an
be found in Fig. 1.

Figure 1: Pneumatic drivevith radial jet action
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The feet 1sustain theplate 2, designed to support the entire engine. In the
center of the plata large diameter threaded hole connects the compressed air
network. Body supply 5 is fixedon plate 2 through screws disposed
concentically with the previous hole.

The sipply body 5is madeof OL 50construction steelGeometrically it
consists of a tube ended in a shoulder where the main body 6 isAixbe. top
of the supply body another shoulder mounted by threfthe top of suply
body serves to fix the top of the main body. On the cylindrical surface of the
supply body arehanneldinking the outside and the inside of it.

Thecylindrical shapednain body 6 is mounted dhesupply bodylt is made
of bronze On the outside of the main bodye mounted the t@s 3 of the
pneumatic drivethat communicatevith the insideof the main body through
holes.

Pneumatic drive duct 3 were maafecopper have a tubular shape, which are
glued to the main body at one end and the other end attached to an elbbw at 90
With the elbow positioned nozzle and adjust the angle &f 80 nozzle
produced a pneumatic motor motion having a tangential direction.

The tubularnozzles 4presentvariableinner diameterswherethe nput is
greater than the ubput. More exactly, theinner diameter decreases
paraboli@ally. The rozzlds geometry influences mainly the characteristics of
the jet propulsion.

2. The operational mode of pneumatic drive with radial jet action

On the lower support plate is mounted aide that connestthe pneumatic
drive to the compressed air network.

The compressed air enters the device mounted on the lower supporn plate i
the inside of the supply body. The communication channels connect the inner and
outer passages of the compresai. Thushecompressed air passes from supply
body in the main bodyDue to the specific geometry of the nozzles, the
outcoming compressed air is accelerated. At the leave of the nozzle results the jet
propulsion force that depends mainly on the flow and density of operating air.

3. Analytical calculation of parameters pneumatic drive

The functional parametergere calculatel consideringhe following values
of the operating parameters:

- internal pressure: 5 bar;

- external pressurd bar

- temperature300 K;

- specific mass 00,: 32kg/kmol;
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- k= 1,4-the correction coefficient whilde compressefiuid is oxygen;

- air outlet sectiond = 7,065-107° m?.
The value of theritical pressurés given by the following formula3] 4]:

k. 35
. 2 k1 2\
=p|l—| =5.—| = 264bar. 1
b pl(k +1j (24} @)

The emperature ithe output section will reach the value [2,4]:

T 1 02857
T, = Tl[&j (—j =189K . )
P1 5
Thedensityof the working fluidin the output section is computed by:
P, kg
=—2=2036—. 3
P RT, po (3)

Theoutcoming elocity of the fluid in the output section is

k-1

Tk
w,= |- gr|1-| 22| | =248 (4)
k-1 ) S

Using (4) he volumic flow for a nozzleill be:

3
m=w,A=706510°.448= 3,165-10’3% . (5)

Finally, thetotal volumic flow for all nozzles becomes

3

m=8Aw, = 253210 m? . (6)

Using results obtained from the equatiofly to (6), the global force

produced by all fluid jets can be computed with the formula below:

F =mpw, =448 2,036 2532-10° = 23095N . @)
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4. Experimental determination of parameters of the pneumatic drive

In the proposedexperimental determinations, the followirgguipment
components will be used order to find the valweof the functional parameters
for pneumatic drive with radial jets (force jets, rotation and drive dpgrat
pressure):

- force sensor typ&242 Vichay Tedea-Huntleigh;
- pressure sensor typtBM P3MB of 10 bar pressure;
data acquisition system type HBSpider 8;
pressure source;
PC unit;
- tachometetype DT 1236L Lutron Electronic;
- pneumatic drive with radial jet.
The onfiguration of the experimental set-igppresented ifrigure 2.

Motor pneumatic|
cu senzorii montati

| placa de achizitii dat
Spider 8 s

Figure 2: Configuration of experimental setp

The «perimental valueof the pressure inside of the pneumatic drive is
outputon a screeifFig.3).It can be observed that a pressures &.941 baiis
able to produce ahe jg force of 2445 N. It can be concluded that the
experimental valuesa close to the computed values.

Figure 4 shows the measured value for rotation of pneumatic drive with
radial jets
Hereit must be noticed that the pneumatic drive is equipped with 8 pipelines,
and as a consequence the tachometer records eight values for one complete
rotation. Knowing thisthe computation of the real rotation value will be done
using the correction below:

nregistered _ 4 2 834

n=

=5354rpm. 8)

pipelines
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Figure 3: Pressure from inside of pneumatic drive and the jets force
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Figure 4: Value for maximum rotation

5. The functional diagrams of radial jet engine

The dependence of the force with t&ationis shown inFigure 5.

It can be concluded that the variation of the force with the rotation is
approximately linear.

The volumic fow variation withtheforceis shown inFigure 6which lets us
conclude that there is a parabolic dependence

As shown in Figure 8)the variatiorof flow with rotation isalsoparabolic.
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Figure 5: Variation of force with rotation
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Figure 6: Variation of flow with force

The variation of thedrce withthe pressuras also linealFigure 7):
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Figure 7: Variation of force with pressure
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Figure 8: Variation of flow with rotation

6. The estimation of the error given by the formula of the force
created by the fluid jet

Comparing the final result of force value given by the forsi(lleo (7) with
the measured value, the occurred error percentage is

| 2445-23095
2445

8[%] — Fmeaxured - E’omputad . 100

computed

.100= 554 %. 9)

Result (9) allows to conclude thiéie theoretical model is appropriate.

7. Conclusion

A new type offluid jet driven pneumatic rotary motowas conceived and
realized.The technical peculiarities of this can be summarized as follows:

— Drive power is directly proportional to the lengthdadiameter of
the motor arm and motor rotation value;

— The variation of force with rotation is linear;
— The variation of flow with force is parabolic;
— The variation bforce with pressure is linear;
— The variation of flow with rotation is parabolic.
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