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Resul t s  a r e  shown of m e a s u r e m e n t s  per ta in ing  to the turbulence of flow in a shor t  channel 
ro ta t ing  about its axis .  

Recent  s tudies  of the hydrodynamics  and the heat  t r a n s f e r  in ro ta t ing  channels [1] have shown that, 
when a channel ro t a t e s  about i ts  g e o m e t r i c a l  axis ,  the hydraul ic  d rag  and the heat  t r a n s f e r  ra te  within the 
turbulent  flow region both d e c r e a s e .  The usual  explanation for  this is that the axial ly  s y m m e t r i c a l  c e n t r i -  
fugal force  field genera ted  during rota t ion s u p p r e s s e s  the turbulent  veloci ty  f luctuations.  A weakening of 
the turbulence in ro ta t ing  channels has a lso  been conf i rmed  by visual  observa t ions  [2]. 

No data could be found by these au thors  per ta in ing  to turbulence p a r a m e t e r s  of a d i scharge  flow in a 
ro ta t ing  channel.  Only the turbulence s t ruc tu re  of a pure ly  c i r c u l a r  s t r e a m ,  without axial  flow, in an 
annular  channel between two rota t ing  coaxial  cy l inders  has been  m e a s u r e d  so fa r  [3, 4]. Here ,  when the 
outer  cyl inder  ro t a t e s ,  a s tabi l iz ing ef fec t  of the centr i fugal  force  field is  a lso  seen to supp re s s  the tu r -  
bulent  f luctuations.  However ,  the t r a n s v e r s e  prof i le  of turbulence p a r a m e t e r s  is apparen t ly  di f ferent  he re  
than in a ro ta t ing  shor t  channel with d i scharge  flow. Indeed, the centr i fugal  force  field genera ted  by the 
ro ta t ion  of a cy l inder  b e c o m e s  a l so  a flow source  and, in this way, such a rota t ion s imul taneous ly  gene-  
r a t e s  and s u p p r e s s e s  turbulence.  The net  effect  of such a rota t ion on the dis t r ibut ion of turbulence p a r a m -  
e t e r s  will depend on var ious  fac to rs :  the cyl inder  speed,  the dis tance f r o m  the cyl inder  su r face ,  etc.  

In this a r t i c l e  we will r e p o r t  on a study of turbulent  d i scharge  flow in a shor t  channel rota t ing about 
i ts  axis .  

The expe r imen t  was p e r f o r m e d  in an appara tus  (Fig. 1) which includes,  as the act ive component,  a 
ro ta t ing  shor t  channel ( l / D =  32) of c i r c u l a r  c r o s s  sec t ion  (D = 52 mm)  and with smooth wal ls .  The chan-  
nel was mounted on two bea r ing  suppor ts  and ro ta ted  by an e lec t r i c  dc moto r  through a V-be l t  dr ive .  The 
bea r i ngs  and the t r a n s m i s s i o n  had been designed for  smooth and s table  ro ta t ion  of the channel up to 2000 
r p m .  
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Fig.  1. Schemat ic  d i ag ram  of the t es t  appa -  
r a tus .  

The flow ra te  of a i r  coming f rom a cen t ra l  s y s -  
t em was m e a s u r e d  with a p n e u m o m e t e r  at  the t es t  
s egment  of reduced  d i ame te r  p reced ing  the s t ab i l i za -  
tion zone ahead of the rota t ing channel.  The a i r  t e m -  
p e r a t u r e  at  the channel inlet  and outlet  was m e a s u r e d  
with a t h e r m o m e t e r .  The Reynolds number  ranged 
f r o m  4000 to 10,000. 

The in s t rumen t s  for  m e a s u r i n g  the turbulence 
p a r a m e t e r s  included a model  ~TAM-3A e l e c t r o t h e r m o -  
a n e m o m e t e r ,  a model  ESU-2 ampl i f i e r ,  a model  N-105 
osc i l lograph ,  and a model  1401-D frequency spec t ru m 
ana lyze r .  The t h e r m o a n e m o m e t e r  cups contained tung- 
s ten wi re s  20/~ in d i a m e t e r  and 4.0-4.5 m m  long. A 
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Fig. 2. Osei l lograms of fluctuations: a t the  
section l/D = 27 of the channel (a) at n = 0 
rpm;  (b) rotat ing at n = 1500 rpm (Re = 400 
in both cases) ;  (c) a t n = 0 ;  (d) a t n = 2 0 0 0  
rpm in the s ta t ionary supply tube (1) and in 
the channel (2) (Re = 5000 in both cases) .  

t he rmoanemomete r  cup was inser ted  into the rotat ing 
channel f rom the open end with the aid of a pentograph. 

Conventional methods of measu remen t  with single-  
wire cups si tuated in various section planes are  hardly 
adequate for separa t ing the components of the velocity 
vec tor  fluctuations in a rotat ing channel. For  this reason,  
we did not separa te  the fluctuation components during the 
f i rs t  stage of testing, but only studied the effect of ro t a -  
tion on the flow fluctuations by means of a tapered cup 
with wire lying on the ~0z-surface for picking up s imul-  
taneously the axial and the radial  velocity fluctuations 
Wz, W r.  We note that studying the effect of a centrifugal 
force  field on the turbulence p a r a m e t e r s  must,  in pr in-  
ciple, be conducted under  conditions of relat ive motion 
and that this requi res  rotat ing the the rmoanemomete r  cup. 
On account of the technical difficulties involved in such an 
a r rangement ,  however,  all measu remen t s  during the f i rs t  
of test ing were made with a s ta t ionary cup. 

In Fig.  2a, b are  shown typical osc i l lograms  of 
velocity fluctuations r ecorded  on the model N-105 osci l lo-  
graph in the test  channel at n = 0 and n = 2000 rpm.  During 
a rotat ion of the channel, evidently, the turbulent f luctua- 
tions decrease  and especia l ly  so near the channel wall. 

Fo r  measur ing  the fluctuation intensity, a model 
TVB-5 the rmo-vacuum conver te r  had been connected to 
the output of the ESU-2 the rmoanemomete r  amplif ier .  
The fluctuation intensity was es t imated f rom the thermal  
emf of the conver te r ,  since that emf was proport ional  to 
the rms  value of the fluctuations picked up by the the rmo-  
anemomete r  wire.  Qualitative data pertaining to the ef-  
fect  of rotation on the fluctuation intensity are  shown in 
Fig.  3, indicating both the radial  arid the axial profi le of 

the relat ive fluctuation intensity in the s t r eam (the relat ive fluctuation intensity is defined here  as the rat io 
of the fluctuation intensit ies at a given point in the s t r eam with the la t ter  rotat ing )r not rotating).  

It can be seen here  that the relat ive fluctuation intensity in a rotating s t r eam dec reases  along the 
channel radius and dec reases  more  at sect ions fa r ther  away f rom the channel entrance.  

The s t ronge r  attenuation of turbulence along the channel could also be t racked by measur ing  the co-  
efficient of cor re la t ion  between fluctuations picked up by the the rmoanemomete r  cups both in the rotating 
channel and in the preceding it s ta t ionary tube. The coefficients of spatial  cor re la t ion  between fluctuations 
at  the entrance and those at f a r the r  sect ions of the rotat ing channel at dis tances l/D= 22, 24, and 27 were 
0.75, 0.67, and 0.26, respect ively ,  at a channel speed of n = 1000 rpm and with a Reynolds number Re 
= 5000 (the cups were located at the radius ~ = 0.8). 

In o rde r  to check the extent of "upst ream" laminar izat ion,  we simultaneously recorded  the f luctua- 
tion osc i l log rams  at two cup locations:  one inside the rotat ing channel and one in the preceding it s tat ion-  
a ry  stabil ization segment.  An analysis  of the osc i l log rams  (Fig. 2c, d) has shown that within the s tat ionary 
segment  the turbulence remained  independent of both the channel rpm and the extent of laminar iza t ion  in it. 
Thus, turbulent fluctuations are  suppressed  only within the range of the centr ifugal  force  field and not 
fa r ther  ups t r eam.  

The f requency spec t rum of turbulent veloci ty fluctuations was measured  with a model 1401-D ana-  
l yze r  at the output of the t he rmoanemomete r  ampl i f ier .  In Fig.  4 is shown the frequency spec t rum of 
turbulent flow fluctuations in the channel at n = 0 and n = 2000 rpm.  According to the graph, during ro ta -  
tion there occurs  a shift of the maximum amplitude toward higher f requencies .  This indicates that rotation 
suppresses  most ly  the low-frequency l a r g e - s c a l e  fluctuations.  
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Fig.  3. Radial  and axial prof i les  of the relat ive fluctuation intensity E in the 
channel (Re =4500).  At l = 2 2 D a n d l )  n = 1 5 0 0 r p m ,  2) n = 2 0 0 0 r p m ;  at 
l = 24D and 3) n = 1500 rpm,  4 ) n  = 2000 rpm;  at l - 27D and 5) n = 1500 rpm, 
6) n = 2000 rpm. 

Fig. 4. Frequency spec t rum of turbulent fluctuations (Re = 4000, l/D= 27, 
= 0.8), at  1) n = 0; 2). n = 2000 rpm;  amplitude A (%), f requency f (Hz). 

The las t  finding is very  important .  It suggests  a hypothesis  that the nonuniformity of the body force 
field [1] plays the predominant  role in determining the effect of rotation on the turbulence s t ruc ture .  When 
l a rge - s ca l e  fluctuations a re  suppressed  fo remos t  by rotation, then the centrifugal  forces  become more  
nonuniform (this nonuniformity is measured  in t e rms  of the difference between the centrifugal forces  at 
two points in the s t r eam separa ted  by a distance equal to the charac te r i s t i c  dimension corresponding to the 
fluctuation scale).  

Taking into account the predominant  role played by the noauniformity of the body force field with r e -  
gard  to its effect  on the turbulence s t ruc ture ,  one may conclude that the way the suppress ion  of turbulent 
fluctuations 2~ distr ibuted in a rotat ing channel depends on the initial distribution of the turbulence scale 
and on the centrifugal  field intensity.  In long channels with a taper formed according to the rigid body 
mode, the profile of centr ifugal  field intensity is l inear  and the profi le of turbulence suppress ion ac ros s  a 
channel section depends solely on the turbulence scale and, therefore ,  the centra l  region with the l a rges t  
eddies should become laminar ized  f i r s t  [5]. In shor t  channels,  where the liquid has not yet  formed a taper,  
the intensity of the centr ifugal  force  field is not l inear:  the fo rces  increase  along the radius,  but only 
slightly in the ma ins t r eam and ve ry  rapidly near  the wall {up to a magnitude p~02R, with R denoting the 
channel radius) .  The prof i les  of fluctuation intensity, which have been obtained in our tests  and a re  shown 
in Fig.  3, indicate that the intensity profi le of the centr ifugal  force field plays the decisive role in short  
channels.  The volume of liquid develops a taper  in long channels and, therefore ,  the effect of rotation on 
the turbulence becomes  s t ronger  here .  

We note that, since the scale of turbulent fluctuations dec reases  as the Reynolds number becomes  
higher,  the suppress ion of turbulent fluctuations by centrifugal  forces  will be mos t  effective at low values 
of the Reynolds number.  

It has been possible in our tests  to obtain qualitative data concerning the effect of rotation on the 
turbulence cha rac t e r i s t i c s  of d ischarge  flow. Fur the r  studies,  including separate  measurements  of the 
fluctuation components,  should make it possible to es tabl ish a quantitative relat ion and to more  thoroughly 
analyze the s t ruc ture  of a turbulent s t r eam in rotat ing channels.  

N O T A T I O N  

w is the angular  velocity of channel rotation; 
is the r ad ius -vec to r ;  
is the fr ict ion coefficient;  

Re = WD/v is the Reynolds number;  
W r and W z a re  the radial  and the axial components of velocity fluctuations; 
r is the local  radius;  

and z a re  the angular  and the axial coordinates;  
p is the density of a liquid; 
R is the channel radius;  
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is the relative radius; 
are the channel length and diameter; 
is the channel rpm; 
is the distance from channel entrance to place of measurement; 
is the relative fluctuation intensity; 
are the fluctuation amplitude and frequency. 
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