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ROMUALD PUZYREWSKI, ANDRZEI JAKUBEK

Gdsńsk

The Influence of the Rotating Disc Edge Shape on the Flow Through the
Circumferential Gap

The influence of tle disc edge shape on ńe mass flow rate coefficient and the §tructure of tbe flow at
the circumferentiat gap has begn investigated. The circumferential gap was created between rotating disi
placed in tbe tube and the tube walls.

1. Introduction

Circumferential gaps can be commonly found in turbomachinery and rotor
devices. The shape of the gap affects e§sentially the flow field and thus the mass flow
rate ńrough the gap.

The geometrical situation investigated by the authors of this repoń is
shown in Fig. 1.

Fig. 1. Geometrical parameters of the circum-

(D :zR:,ro'i[]'* i"k, u :, .-;

It can be easily noticed that the shape of an individual gap can be described by
four geometrical par"meters: ó, L, r and D. The influence of the nondimensional
parameter rlL on the mass flow rate was the subject of investigation discused in this
repoń while the influence of the parameter Lló has been repońed in the previous
paper [t]. It has been found that the increase oI Ęó and rotation speed of the disc
decreases the mass flow rate.
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The geometry of the experimental arrangement shown in Fig. 2 resembles ńe
geometry of ńe stand used by Yogel [2] and Escudier [3], where a rotating disc
was immersed in a closed cylindrical container. These experiments [2, 3] concerned
the vortex breakdown phenomena in laminar region. In the present paper - like in
the previous one [1] - ńe main attention is paid to the leakage ńrough the gap. The
behaviour of the bulk of the flow in front of ńe disc has been visualŁed. The rotation

Reynolds number T O* reached ńe value up to 106, which is much higher thany

that repońed in [3]. This value is characteristic rather for the discs applied in
turbomachinery and operating in the turbulent flow reeime.

2. The Experimental Stand and the Method of Measurement

The scheme of the stand is shown in Fig. 2*).
Following quantities have been measured at this facility:
1) pressure and temperature ahead of the measuring orifice po, to,
2) pressure drop across the measuring orifice /p,
3) rotation speed of the rotating disc,
4) flow visualisation has been carried out additionally ahead of the disc.

' 
-v9!h]lstor,2-PiPą 3 - rotating dhq {-drivin8 motor,5 .*"*T:Tr*r-r§u€ m&nom€ter,7 -pboto@unlcr,E-themomęter;

The measuring orifice enabled determination of ńe mass flow tatę m. Hence the
mass flow rate coefficient could be predicted using ńe formula:

mP: 
ĄD+6)6,rEp /p' (1)

where p - density, lp - pressure drop across ńe gap Fig. 1.
The denominator in (1) represents the mass flow rate through the circumferen-

tional gap with ńe isentropic velocity

l) This stand was partly equipped by the Iłhrstubl ffir Strdmungslebre Universi€t Karlsrńe within the
framework cooperation with the In§titute of Fluid-Flow Machinery of the Polish Academy of Sciences.

l, oo

Vp (2)

Fig. 2. Schematic diagram of the experimental
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The investigations carried out previously [1] have shown very §ignificant
influence of the parąmeter ulw (wberc u:nDnl60 - circumferential velocity of disc)
upon the mass flow rate coefficient.

As the result of measurements reported here the function

has been established.
The rest of geometrical parameters shown in Fig. 1 was kept con§tant. Maximum

pressure ahead of disc was 850 Pa and rotation speed of the disc was varied within
the range of n:0+20,000 r.p.m.

3. Results of the Measurements

The mass flow rate coefficient l a§ a function ulw is shown in Fig. 3 for various
values of ńe pałametet rfL.

It is worth while to notice the essential difference between curve .l obtained for
the "sharp edge" disc - rlLx} (rlL<O,I) - and curves 2 corresponding to the
rounded edge disc.

] _'_ 2 3 4 5 6u/łt) 20,0m 10.000 60,0m 80,mo 1m,mo

Fig. 3. Behaviour of the mass flow rate co-
efficient versus u/w ratio and the Reynolds
number Re:OR2/y=(nlL20). D2nf,ł for two

kinds of disc edge
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The "sharp odge" menns here a technologically sharp one. It has been estimated
by means of ńe microscopic observation that the aproximate radius of curvature of
the "sharp edge" is less than 0.1 mm.

The presumable reason for this difference come§ out from the flow separation
occurring in ńe sharp edge gap. The scheme of ńe flow is shown in Fig. 4.

/' / / //, i

N-
b)

Fig. 4, Two possible situations in ńe gap

The flow separation inside the gap could be observed only by means of
visualisation techniques applied in this nalTow region. No technical possibility for
such a visualisation was at hand during the experiments reported.

The rounded edge does not cause ńe contraction which can explain the
difference in the magnitude of p for small value of ulw <I.25. In the region of
1.25<ulw<2.0 ńe situation for the sharp edge changes drastically. The mass flow
rate coefficient rises up to the maximum and then drops down with the increase of
the circumferential velocity.

This jumP in the mass flow rate within the narrow range of circumferential
velocities could be used as a control impulse. Two levels "0" and "1" are
marked in Fig. 3.

The rise of p at ulw>I-25 is probably connected with the decrease or even
disappearence of the separation zone*).The drop of p at ulw>2.0 is the effect of
Pressure rise on the both sides of disc which may reduce the pressure drop across the
gap and decrease ńe mass flow rate.

For the rounded shape of disc edge there oocurs a slight disturbance in
p distribution in the neighbourhood of ufw=1.5 (see the points+fot rlL:0-3
in the Fig. 3).

4. Flow Yisualisation

The transparent tube enabled visualisation of the flow in front of disc. The
visualisation was effected by means of oil smoke produced and supplied by the
system shown in Fig. 5.

') One of the reviewers has hinted at an unsufficient explanation of ńe jomp in the mass flow
coefficient following aom curve i in Fig. 3. While not denying this state of the ań the authors point to the
lack of sufficient justification of any other explanation of the phenomenon than that of the separation zone
disappeartuce within the gap.



Fig. 5. Schematic diagram of ńe smoke supply system

/ - ventilator, 2 - smoke genefator, 3 - transparent pipe, 4 - probe

Fig. 6. The smoke fan in ftont of the disc

Fig. 7, The smoke fąn and the smoke cloud in front of the disc at n:5000 r.p.m.



94 R. Puzyrewski, A. Jakubek

Fig. 8. The smoke fan and the smoke cloud at n: 5000 r.pm. and ńe probe situated clo§e to the tube wall

Fig. 9. A sketch of the flow patteflx in front of the
sharp+dged disc at low circumferential speed

Fig. 10. The sigrr of the "backward spiral" flow at n:7500 r.p.m.
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Fig. 11. The "backward spiral' flow at n:1O000 r.p.m.

FiE, L2. The smoked in front of the disc at n:12,000 r.p.m.

The pressure level for ńe §moke supply was controled by a small ventilator. The
transparent pipe between smoke generator and probe in front of the disc, made it
possible to control the intensity of smoke injection. In ńis way too high pressure of
smoke injection was avoided. The main obstacle in getting a clear image of smoke
flow was turbulent diffusion. The Reynolds number was Re:wD lvxl00CI in front of
the disc. This is shown in Fig. 6.

re81on
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Fig 13. The smoked region cut by a parallel beam of light

Fig. 14. The smoked region cut by a perpendicular beam of light

For rotation speed of the disc n:5000 r.p.m. which corresponds to u/w=1
diffusion of smoke is visible in Fig. 7 and 8.

In Fig. 7 and Fig. 8 a cloud of smoke formed at the disc is visible. The smoke
flows to ńe gap. A sketch of the flow pattern is shown in Fig. 9.

These pictures were taken for ńe disc with a sharp edge. Stream lines converge at
the gap as it shown in Fig. 9.



Fig. 15. A sketch of the flow pattern in ftont of the sharp-edged
disc at high circumferential speed

Fig. 16. The smoke fan for the rouoded edge of the disc at n:8000 r.p.m.

Fig. 17. The "backward spiral" pattern for the rounded disc edge at n:lZ000 r.pm.
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When increasing rotation speed of ńe disc the situation changes. At n:75O0
f.p.il., which corresponds to ufwx 1.6, a "backward spiral" of smoke can be seen, as
it is shown in Fig. 10.

The arrow indicates the direction of the smoke flow. This "backward spiral" is
more pronounced in Fig. 11 which has been obtained at n:10,000 r.p.m.

For z : 12,000 t.p.m. (ulwx2.6\ tbe backward flow is so intense that ńe smoke
blacks-out ńe whole region in front of ńe disc. The region spreads over the distance
close to D (Fig. 12).

In order to find out the structure of smoked region in front of the disc, this region
was cut by a plane beam of light parallel and perpendicular to the axis of the tube
(Fig. 13 and 14, respectively).

In Fig. 13 the reflections of illuminated area on the walls of transparent pipe are
visible. This undesired optical effect was difficult to avoid.

The structure of the flow field has the form of vortex ring placed in front of
rotating disc. The sketch of this structure is shown in Fig. 15.

For ńe disc with the rounded edge a similar sequence of photographs has been
taken. It has been stated that a rounded edge weakens the effect of vortex ring. In
Fig. 16 obtained at n:8000 r.p.m., i.e. ufwxl.8, the "backward spiral" flow is
marked only very slightly.

A more clear image of this flow was obtained at n : 12,000 r.p.m. (ulw 
= 2.6). This

is shown in Fig. 17.

5. Conclusions

The investigation carried out shows a very significiant influence of the sharp edge
of rotating disc the behavior of ńe mass flow rate coefficient. In the region of
aoadimensional parameter I.ż5<ulw<2.0 the qualitative change of the flow pattern
in front of the rotating disc takes place.

For ńe rounded edge of disc the transition of ńe flow pattern is slightly marked
and the behaviour of mass flow rate coefficient differs very remarkably from that
observed for a sharp+dged disc.

Reeived by tbe Edilor, Jure 1987
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WŃw ksztaltu krawęilzi tarczy wirującej n8 przćpływ ptaez szczelinę obwodową

s tre szcze n i e

Przebadano wpływ kształtu krawędzi tĄtę.y la pole przepływu przed nią oraz współczynnik
przepływu masow€go. Przebieg masowego wspołczynnika przepływu dla krawędzi ostĄ różni się od
przebiegu dla krawędzi zaokrąglonej. Stwierdzono zmianę struktury przepływu przed tarczą wraz zE
Tłostem pr$kości obrotowej.

Bmmre t}opn,rrr KpoMIg Bpalqaxlqerocfl Allcrca f,t Teqeuf,e qepe3 onpyxnofi 3a3op

Pelroue

flpoucoregoraxo BIEsHre $oprrrrł rpoMrł lpcra Ea tro.lre TeIreEtrĘ uepeł aeĘ a Tarxe
roa(lllrrrnext MaccoBoro pacxo,Ea. Xo4 vaccoloro roa$rlrryerTa pacxoAa rurx ocrpofi rpoMrf,
oTJrErlaeTcf, oT xoĄa A,'Ir 3arpyrneEEoń rporr,rxx. Koncrarrpyer,ca E]MeEeEBe cTyrryphl TeqeEEs [epeA
.BcroM cB§3rEEoe c Bo3pacTaBEeM cropocTE BpąrqeEEf,.
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