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Summary 

The flow pattern of heated rotary channels has an asymmetric spatial structure due to 
the combined effect of secondary flow generated by centrifugal and Coriolis forces, stabilization 
or destabilization near the suction and/or compression sideS of the channel and of the entry 
swirl. Mathematical difficulties argue for determining the tencpcrature field and heat transfer 
from test data. Four parameters have to be systematically varied in the measurements. 

Increase of the power per unit volume of rotary engines - electromotors, 
gas turbines entrails a ri;;e of the operating temperature. On the other hand, 
operational ;;afety requires temperature peaks not to exceed to value permitted 
by the mechanical and electrical strength. No economical construction ful
filling these two ai3pects simultaneomly is possible but in the exact knowledge 
of the local temperature field. 

A typical component of the cooling system of rotary engines, a longi
~udinal channel parallel to, and revolving around the axis at angular velocity 

Q 'with a radius Ro is seen in Fig. I. The cooling effect is due to a gaseous or 
liquid medium flowing in it, absorbing heat q per unit surface and unit time 
at the hot -wall of the channel, heated by it from the original temperature T 
at a channel point with coordinates (r, rp, z). An exact knowledge of tempera
ture field T = T(r, rp, z) is needed for dimensioning the cooling system of 
engines since for, a given heat to be remo"Ved - that is, for a given heat flux 
q - the value T(d/2, rp, z) of the channel wall temperature controls local tem
peratures of structural parts. 

Provided a given "Velocity field vCr, rp, z) of relative motion existed in 
the channel (i.e. in knowledge of velocity components It, v, w vs. place), the 
temperature field would be easy to determine from the enthalpy balance of 
flow. Revolution induces, however, mechanical changes - themselves tem
perature-dependent - in the flow, compared to the well-known isothermal 
flow pattern in the channel at rest, that make the t-wo fields to interact. Their 
determination requires to solve a second-order, nonlinear differential equation 
system consisting of the continuity equation, the balance of momentum and 
the balance of enthalpy under boundary conditions - a rather difficult prob
lem [2], [3]. 
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Fig. 1 

Let us point out some factors causing the revolution to modify the flow 
mechanics processes in the channE'1 at rest. Three of them are related to acces
sory forces arising in the rotating system higher by orders than the gravity 
force - 'while the fourth concerns the history of flow entering the rotary 
channel. 

Effect of centrifugal force 

In a non-heated channel the flow is isothermal and the flowing medium 
is of practically constant density. In this case, centrifugal forces per unit mass 
gf.! arising in the rotating system modify though the pressure distribution in 
the plane of the channel cross section, but this has no effect on the flow pat
tern, as the centrifugal force pointing radially outwards, is balanced by the 
radially inwards force due to pressure at any point of the cross section. If, 
however, heat is supplied through the channel wall, the temperature becomes 
uneven in the cross section and the density distribution too: the flo"wing 
medium is cold and rather dense around the channel midline and warmer, 
thinner near the channel wall. The centrifugal field and an inhomogeneous 
density distribution, together may produce secondary flow in the cross
sectional plane normal to the flow. The relatively denser central core will. 
move away from the axis of revolution, while continuity will be restored by 
warm layers near the wall tending towards the axis of revolution. Because of 
the symmetry of the generating cause, the secondary motion ,,,-ill be symmetric 
to the diametral plane crossing the axis of revolution, in a qualitative flow 
pattern seen in Fig. 2a. 

Role of the Coriolis forces 

The second accessory force interpreted in the rotating system - the 
Coriolis force gc per unit mass - affects any mass element of the medium 
flo"'ing in the channel at a relative velocity other than that parallel to the 
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axis of revolution. Direction of the effect is set out be vectorial product 

v X fj of relative velocity v by angular velocity Q of the system. Looking at 
the flow lines of the secondary flow due to centrifugal buoyancy in Figs 2a, 
and 2b, it is obvious that the channel cross section midparts near the diametral 
plane defined by the axis of rotation and the channel midline are subject to 
Coriolis forces opposite to, and in parts near the wall, in the direction of the 
revolution. Thereupon, the symmetry of the actual secondary flow ceases and 
the resultant is a complicated flow pattern in the cross-sectional plane. Analy
sis of the balance of momentum is likely to demonstrate the ability of the 
Coriolis forces to maintain secondary flow even in case of an isothermal flow 
because of their effect to modify pressure distribution over the cross section 
- as opposed to the centrifugal field (see e.g. [1], [2], [3]). This is, hO'wever, 
restricted to the entry region of the channel where the distribution of the 
axial velocity varies cross section-wise. 

Stabilizing and destablizing effects 

Vectors of the centrifugal field strength and the temperature gradient 
in two typical domains of the heated channel cross section have been plotted 
in Fig. 2c. Near the generatrix farther from the axis of revolution (a domain 
to be called briefly the compression side denoting that the hydrostatic pressure 
exceeds that in the channel midline, because of the centrifugal field) these 
vectors are of an identical sense or, at least include an acute angle, while near 
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the generatrix nearer to the axis of reyolution (in the suction side) they are 
of opposite sense, or include an obtuse angle producing a marked deviation 
between flow patterns developing on suction and compression sides. Let us 
imagine a 10'w-density mass element to be driyen by components normal to 
the 'wall of turbulent yelocity fluctuations in the cross sectional plane toward 
the colder hence denser flow core. On the compression side, this mass element 
migration is opposite to, and in the suction side, the same direction as the 
centrifugal field. Local huoyancy resulting from the interaction of centrifugal 
field and density inhomogeneity during displacement of the mass element 
lighter than its sun-oundings works on the mass element on the compression 
side, adding to the kinetic energy of turhulent motion. (The analogon of this 
phenomenon is the accelerating rise of air masses 'warmer than their sur
roundings in the gravity field of the earth,) On the other hand, the displacing 
mass element has to ,fork against buoyancy, hence its motion is to the detri

ment of turbulent kinetic energy. The same conclusion can be drawn for local 
processes near the compression and suction sides from the history of the 
relatively colder mass element getting from the flow core into the warmer 
environment near the wall. Accordingly, in heated channels, revolution acts 
as a stabilizer at the suction side, and as a destabilizer at the compression side; 
at the compression side, turbulent secondary motions are intensified, and at 
the suction side, they are weakened. 

Entry swirl 

Flow pattern in the entry region of the rotary channel depends highly 
on the velocity distribution of the flow reaching the entry cross section, 
dependent, in its turn, on widely varying geometries of pre-channel ducts 
and incorporated objects. This yariegatedness of the flow history can be system
atized from the aspect of the actual scope according to the entry s,virl. 
Entry s,\irl is understood as the law of distribution v = v (r) with respect to 
the place of tangential velocity components of specimens of the flow line family 
in the entry cross section seen in Fig. 2d. As a special case, the entry s,drl 
may be understood as a rigid-body rotation relative to the channel, or even, 
as a swirl-free entry. (In the former case, v(r) is a linear function, in the latter 

case, it identically vanishes.) Its role is that it is superposed on the secondary 
flow in the entry region of the channel, contrihuting therehy to the local heat 
transfer process. 

The qualitative survey of typical factors in a rotary channel, aimed at 
stressing a fact of importance both for constructing engineers and for experi

menter, namely that in a rotary channel, axial symmetry usual in the heat 
transfer process in channels at rest ceases and a temperature distribution 
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intricately varying with local extreme values along the channel circumference 
has to be reckoned 'with. 

Because of the mentioned difficulties of a theoretical analysis of this 
phenomenon, those experimenting are expected to submit reliable quantitative 
information to the construction engineer, to be obtained in systematic measure
ments. An analysis of the differential equation system showed in measure
ments with given flow conditions that at least four parameters have to he 
independently varied: mass flow; heat flux; rpm; and eccentricity, Rold. 
Measurements have to embrace the full range of parameters likely to occur 
in machine design practice. 
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