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FEATURES OF THE BOUNDARY LAYER ORGANIZATION
IN TESLA DISC TURBINES

A. Ma3sypenxo, B. Kpasuenxo I'. JIyscancora, B. Illaepos, B. Cmanicnasos. OcodiuBocTi opraizauii Teuii npuMeskoBoro mapy B
MixkauckoBoMy mpocropi Typ6in Tesla. J{ns 3abe3nedeHHss MakcUManbHOI eheKTHBHOCTI Oe370MaTKoBUX TypOiH Ty Tecia BaXXIUBO
3a0€3MeUnTH JIaMiHApHUK PEXUM Teuil B MPUMENKOBOMY Iapi, 10 BUHUKAE HAa MOBEPXHI TUCKiB. B 3alexHOCTI Bil pexumy Teuii, cTaHy
MIOBEPXOHb JHCKIB Ta reoMeTpil MDKIMCKOBUX ILIUIMH 3MIHIOETBCS XapaKTep HPUMEKOBOro Imapy. BaximBo, mo6 pexum iforo tewii
30epiraBcs JJaMiHapHUM, a BiZICTAHb MDK JUCKaMH IOBMHHa OyTH HE OUIbIIE 3BOEHOI TOBLIMHY IPHUMEXOBOro Iapy. Iy BU3HAYCHHS
napameTpiB, siKi HEOOXiJHI 11 3a0e3eueHHs] MAaKCUMAJIbHOI €KOHOMIYHOCTI IPOMOHYETHCSI BAKOPUCTATH SKCIIEPHMEHTAIbHI JOCITIPKSHHS
XapaKTEePUCTUK MPUKOPJOHHOTO IIapy MpU OOTIKaHHI TYpOIHHHMX JIONMATOK, sIKi OynW NMpOBENECHHI HAa aepoOJMHAMIUHOMY CTEHJI, SKUi
3a0e3meuyBaB piBHOMIpHE I10JI€ IIBHAKOCTI CIIPSIMIICHOr0 MOTOKY 3 MiHiManbHOIO TypOynentHicTio (0,7 %) B mianasoni meuakocteit o 0,33
Maxa. B uux AOCHiDKEHHSAX BaXXJIMBUM OYIIO BH3HAUEHHS MICIS MEPEXiJHOI 30HM Teyil B NPHUMEKEBOMY IIapi, IO AO03BOJISE JOCITIUTH
YMOBH CTIHKOTO IiITPIMAHHS Ta XapaKTEPUCTHKH caMe JaMiHapHOI Tewii. 30Ha mepeximHoi o6JacTi BU3HAYanach B €KCIIEPUMEHTaX IO
XapakTepy 3MIiHM JOTHMYHOI Hampyru TepTs. OTpuMaHi pe3yNnbTaTH JO03BOJWIIM BCTAHOBUTH HEOOXiJHI pO3MIpHM MDKIMCKOBUX ILIUIMH Ta
Kpallli 3 TOYKH 30py PeKUMY Tedii 3HaUeHHs KpuTepito moxioHocti Re. Jns riankoi moBepxHi JaMiHapHUI XapaKTep Tedil B IPUMEKOBOMY
mapi 30epiraeTbecsi JaMiHApHUM Ha BIJICTaHi B/l OYaTKy MOBEPXHI O BigHOCHOI koopauHaTh X =0,17 B JOCHUTH IIMPOKOMY Hiama3oHi
uncna Peitronbaca. [ mopeTkoi moBepxHi mpu Re=3,6-10° poTskHICTh 30HM 3 TaMiHAPHUM MPUMEXOBHMM LIAPOM HPUOIH3HO TAKA K AK i
1A THaaKoi mosepxHi. OnHak, npu Re=7,4-10° naminapruii XapakTep Teuil 3aKiHuyeThcs Jemto panime — mpu X = 0,13 3 1yKe KOPOTKOIO
HEPEeXiHOI0 30HOI0 MDK JaMiHAPHUM Ta TypOYJCHTHHM XapakTepoM Teuii. TOBIIMHA MPUMEKOBOTO LIApy MpPHU JaMiHAPHOMY OOTiKaHHI
riaakoi noBepxHi craHoButh 0,5...0,7 MM, a a1a mopceTkoi moBepxHi nemo Oinbmie — 0,7...0,8 Mm. ToGTo, mns 3abe3neueHHs: BUCOKOL
€KOHOMIYHOCTI AMCKOBUX TypOiH THITy Teciia BiICTaHb MK JUCKaMH OBUHHA OyTH Ha piBHi 1...1, 5 Mm.

Kurouosi crosa: MikpotypOiHa, TypOiHa Tecna, npuMexoBuil 1ap, JaMiHAPHUI PEXKUM

A. Mazurenko, V. Kravchenko, G. Luzhanska, V. Shavrov, V. Stanislavov. Features of the Boundary Layer Organization in Tesla
Disc Turbines. To ensure maximum efficiency of bladeless Tesla turbines, it is important to maintain a laminar flow regime within the
boundary layer that forms on the disc surfaces. Depending on the flow regime, the state of the disc surfaces, and the geometry of the inter-
disk gaps, the nature of the boundary layer varies. It is crucial for the flow regime to remain laminar, and the distance between the discs
should not exceed twice the thickness of the boundary layer. Experimental investigations of the characteristics of the boundary layer during
the flow around turbine blades were proposed to determine the parameters necessary for achieving maximum efficiency. These experiments
were conducted in an aerodynamic test rig that provided a uniform velocity field with minimal turbulence (0.7 %) within a speed range up to
0.33 Mach. The primary focus of these studies was to determine the location of the transition zone within the boundary layer, which allows
for the examination of conditions for stable maintenance and characteristics of laminar flow. The transition zone was determined based on
changes in the tangential friction stress in the experiments. The obtained results facilitated the establishment of the necessary dimensions for
the inter-disk gaps and the optimum values of the similarity criterion Re from the perspective of flow regime. For a smooth surface, laminar
flow within the boundary layer is maintained up to a relative coordinate of X =0.17 from the start of the surface, across a wide range of
Reynolds numbers. For a rough surface, the extent of the zone with a laminar boundary layer is approximately the same as that for a smooth
surface at Re=3.6-10°. However, at Re=7.4-10° the laminar flow terminates slightly earlier, at X =0.13, with a very short transitional zone
between laminar and turbulent flow characteristics. The thickness of the laminar boundary layer on a smooth surface is 0.5...0.7 mm, while
for a rough surface, it is slightly greater at 0.7...0.8 mm. Therefore, to ensure high efficiency of Tesla disc turbines, the distance between the
discs should be maintained at 1...1.5 mm, considering the requirements for laminar flow.
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Introduction

Tesla turbines have been known for more than 100 years, but they have not found widespread use
due to their relatively small power, which is limited to tens, or at best, hundreds of kilowatts. Howev-
er, at the same time, their high efficiency of converting the potential and internal energy of the work-
ing body of steam or gas into work is noted [1—4]. The high efficiency is explained by the fact that the
conversion and transfer of energy is carried out within the framework of the boundary layer on flat
disks. At the same time, if a laminar flow regime is ensured in the boundary layer on the disks, there
are no vortices that cause corresponding losses. Another important feature of such turbines is that the
energy conversion does not take place on the blade devices, but in the region of the boundary layer in
the space between individual flat disks, the total number of which can be significant [5, 6]. This means
that wet steam can be efficiently used in such turbines without fear of wet steam erosion, as is the case
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in traditional steam turbines. Naturally, the small power of such turbines limits their use in large power
generation, but it makes them quite promising in low-power cogeneration plants [3, 7, 8, 9], drive sys-
tems for backup power supply of boiler houses with steam boilers, for driving heat pump heating or
cooling systems, as well as for power generation in emergency situations at large units of thermal or
nuclear power plants.

Analysis of the latest research

Figure 1 shows a simplified design diagram of a bladeless (or disk) turbine known as a Tesla tur-
bine [4]. The working medium (steam or gas) is fed from the nozzle into the gaps between the disks,
and then, moving in these gaps along a spiral trajectory, it is discharged from the turbine in the central
part to the outside (into the condenser, heat exchanger, or even into the atmosphere) [5, 10—14]. To
ensure the high efficiency of such a turbine, the size of the gap between the discs, as well as the flow
regime in the boundary layer, is of great importance. The gap between the disks should not exceed the
total thickness of the boundary layers of the two disks, and the flow regime in the boundary layers
should be laminar [12].

Goal

The purpose of the work is to study the operation of the Tesla disc turbine and create a highly
economical bladeless microturbine for use in energy supply systems, as well as for power generation
in emergencies of power facilities.

Presenting main material

To determine the parameters that are necessary to ensure maximum efficiency, it is proposed to
use experimental studies of the characteristics of the boundary layer when flowing around turbine
blades. Research was carried out at the Odessa Polytechnic in the 1980s on an aerodynamic stand with
a capacity of 150 kW [15], which provided a uniform velocity field of a directed flow with minimal
turbulence (0.7 %) in the speed range up to Mach 0.33.

In these studies, it was important to determine the place of the transition zone of the flow in the
boundary layer, which will allow studying the characteristics of the laminar flow itself. The zone of
the transition region was determined in experiments by the nature of the change in the tangential fric-
tion stress 1. The value of t can be determined from the integral equation of impulses [6]:

o 2
di+5** 12.d(p0U)+i‘dU T . 1)
dx Py U dx U dx | p,-U

where 8~ — conventional thickness of momentum loss:
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& — boundary layer thickness;

u — the flow velocity inside the boundary layer at a distance y from the surface;
U — flow velocity at the outer boundary of the boundary layer;

p, — flux density at the outer boundary of the boundary layer;

x— distance from the beginning of the surface covered by the stream.

For a non-compressible working environment with p =const we get:
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where H — form parameter of the boundary layer,

5
H =5 (4)

8" — conditional thickness of flow displacement,

. 8 u
8 =j0 [1—Uj-dy. (5)

In experimental studies of the character of flow around surfaces and determination of t, micro-
metric probes with the thickness of the receiving part of 0.1 mm and 0.18 mm were used on the aero-
dynamic bench to establish the character of the velocity distribution in the boundary layer. A photo-
graph under a microscope of a 0.1 mm probe is shown in Fig. 2 compared to a 5-channel probe with a
receiving head diameter of 3 mm.
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Fig. 1. Scheme of the Tesla disk turbine: a — side view; Fig. 2. View of a microprobe with a receiving part
b — disks in section; 1 — steam inlet to the nozzle; of 0.1 mm and a 5-channel probe with a head diameter
2 — steam of 3 mm

The use of such probes made it possible to penetrate relatively deeply into the boundary layer of
the surface with a length of X of about 150 mm. The graph of the speed of movement in the boundary

boundary layer at relative distances of X =x/X in the range from 0.04 to 0.95 from the beginning of
the surface was built in coordinates u/U and y, where y is the distance from the surface. The value

of u/U was determined by the simplified formula u/U =\/(Pf -P)/((P; —=P),_) , since at M <0.4

the working medium can be considered incompressible. Here P, is the total pressure at this point of

the boundary layer, and P is the static pressure.
Fig. 3 shows velocity plots in the boundary layer for the cases of an aerodynamically smooth sur-

face and a surface with a relative roughness of k =0.5-10" and for flow regimes with Reynolds
numbers Re =3.6:10° and Re =7.4-10°.
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Fig. 3. Velocity plots in the boundary layer on the surface with x coordinate and flow modes with:
at Re=3.6:10° (0); at Re =7.4-10° (+); a — surface roughness k = 0.5-10"; b — smooth surface
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Fig. 4. Determination of the laminar flow zone in the boundary layer: 1 — at Re=3.6:10°0; 2 — at Re=7.4-10%;
a — surface roughness k = 0.5-10"; b — smooth surface; X, — the beginning of the transition region,
X, — the end of the transition region

The results
According to the results of the experimental determination of the characteristics of the boundary
layer and the method of determining the tangential stresses given above, in Fig. 4 shows the graphs of
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changes in the relative value of the frictional tangential stress T at different distances from the begin-
ning of the surface flowing around the stream under the specified conditions.

Analyzing the results shown in Fig. 3 and Fig. 4 the following can be noted for different surfaces.

For a smooth surface, the laminar nature of the flow in the boundary layer remains laminar at a
distance from the beginning of the surface up to X =0.17 in a fairly wide range of Reynolds number.

For a rough surface at Re=3.6:10°, the length of the zone with a laminar boundary layer is ap-
proximately the same as for a smooth surface. However, at Re=7.4-10°, the laminar nature of the flow
ends earlier X =0.13 with a very short transition zone between the laminar and turbulent nature of the
flow. The thickness of the boundary layer during laminar flow around a smooth surface is 0.5...0.7
mm, and for a rough surface it is slightly more — 0.7...0.8 mm.

Conclusions

In the work, studies of the Tesla disk microturbine for generation and power supply systems have
been carried out. Analyzing the obtained results of the performed experiment, the following were de-
termined:

— places of the transition zone of the flow in the boundary layer, which allows to study the condi-
tions of stable maintenance and characteristics of the laminar flow itself;

— the required sizes of the inter-disc gaps and the best from the point of view of the flow regime,
the value of the similarity criterion Re: for a smooth surface, the laminar character of the flow in the
boundary layer remains laminar at the distance from the beginning of the surface to the relative coor-
dinate X =0.17, and for a rough surface — at X =0.13 with a very short transition zone between the
laminar and turbulent character of the flow; while the value of Re changes and is equal to Re=3.6:10°
and Re=7.4-10°;

—with laminar flow, the most appropriate thickness of the boundary layer was found, which is
0.5...0.8 mm for a smooth surface and 0.7...0.8 mm for a rough surface, with a relative roughness of
k=05-10"2.

The results obtained in the course of the conducted research indicate that to ensure high efficien-
cy of operation of a bladeless disk microturbine of the Tesla type, the distance between the disks
should be at the level of 1...1.5 mm.

In addition, the use of disks with minimal roughness in the design of the Tesla microturbine is
very important, as well as the experimentally determined advantages of operating modes.

The use of disk microturbines of this type will allow to significantly improve the operation of en-
ergy systems, increasing their technical and economic indicators.
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