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Rotary heat pump
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1. Introduction

Wide application of renewable energy sources is
predicted in the future energy industry. Regeneration of
heat energy of higher potential from air, ground, water, or
other energy sources with low energy potential on the base
of thermo-dynamic processes in heat pumps could serve as
one of such application possibilities. This heat energy
could be supplied to heating systems in buildings with
primary energy consumption a few times in amount less in
comparison with the traditional energy supply systems
where fuel is burnt.

Intensive research projects are provided and new
ideas are carried out in this area with the aim to improve
the efficiency of rotary heat pumps with the application of
heat pipes and their structures, to ensure more reliable ser-
vice life of them [1-5]. An original rotary heat pump sug-
gested by the authors is discussed in the presented paper.
All the thermo-dynamic processes of the suggested heat
pump (evaporation — compression — condensation) based
on the principle of heat pipe are provided in one volume of
mushroom form closed vessel.

Three components of the new type are applied in
the suggested heat pump: hydro-dynamic pump, disk venti-
lator [6, 7], and regeneration heat exchanger. All the com-
ponents are involved into one integral unit.

No real analogue during the provided patent
search were found. Heat pumps of similar structure have
been found, but they are composed of separate elements
(heat exchanger, radial ventilator, pumps) which are joined
into a working unit [8-15].

2. Reasoning

Cooling effect is observed in [16]. It is known
that at air (gas) flow supply with a certain velocity by tan-
gential direction into a tube, exhaust air temperature T is
decreased along the tube axis, T, > Ty > Ty, as it is de-
picted in Fig. 1.
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Fig. 1 Scheme of vortex tube: Tj — supply air temperature,
T, — air temperature at the tube inside surface, 7 —
exhaust air temperature

At present this method of air (gas) cooling is not
widely applied due its insufficient efficiency whereas the
main part of air (gas) flow energy is lost at friction.

Efficiency of the considered vortex tube could be
increased by rotation of the tube together with the air in it.
The action of suggested heat pump (heat pipe) is based on
the above mentioned principle (scheme in Fig.2). The
closed vessel of mushroom form / is filled with the vapor
of working fluid (ammonia, freon, propane or other liquid).
The vessel is rotated about its longitudinal axis at the cer-
tain rotational speed @y. The working fluid is compressed
in the wide part of the vessel because of centrifugal force.
Temperature and pressure of the working fluid are in-
creased at the inside surface of the vessel

,>T,;  pc>Pa ©)

where T, is temperature of the working fluid, 7 is tem-
perature of the working fluid in the condensation zone, p;
is pressure in condensation zone; p, is pressure of the
working fluid.
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Fig. 2 Principle scheme of rotary heat pump: [ - closed
cylinder vessel of mushroom form (heat pipe);
2 - hydro-dynamic pump; 3 - electric motor; 4 - ro-
tary compressor; 5 - evaporator of working fluid;
6, 7 - disk ventilator (pump); & - supply pipe of lig-
uid working fluid; 9 - supporting bearings; /0 - heat
pump envelope

At cooling of external surface of considered cyl-
inder wide part, the heat energy of higher potential Oy, is
obtained. As a sequence, then the working fluid vapor will
condense. The liquid fluid is returned into narrow part 5 of
the vessel by hydro-dynamic pump 2. The returned liquid
fluid is sprayed out through the throttling orifices onto in-
ternal surface of the evaporator. Temperature and pressure
of the working fluid are decreased due to the throttling and
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evaporation of the fluid is processed at temperature 7, and
pressure po. The energy of low potential Oy, is absorbed
from environment during the evaporation process. This
means energy transformation of low potential into the en-
ergy of higher potential at rotation of heat pipe.

2.1. Main parameters of working fluid

At the moment of isothermal compression of the
working fluid vapor, the main parameters can be determi-
nate as [16].

a) Pressure of the working fluid in condensation
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zone

where p, is working fluid pressure in evaporation zone; ay
is rotation speed of the vessel; R is gas constant; g is gravi-
tational acceleration, m/s’; r is characteristic dimension of
the vessel (radius), m.

rk :095 Dk (3)

where D, is diameter of the disk pump, m.

b) Temperature of working fluid 7; = T, = const.
where T; is working fluid temperature in condensation
zone.

¢) Compression work
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where [, is compression work of the working fluid; m; is
mass of the working fluid in the closed vessel.

At the moment of adiabatic and poly-tropic com-
pression of the working fluid vapor, the main parameters
can be determinate as [16].

a) Pressure of the working fluid in condensation
zone

k
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where p, is working fluid density in the evaporation zone;

k is exponent of adiabatic process.
b) Working fluid temperature in condensation

zone
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At poly-tropical processk =n; (n is exponent of
poly-tropical process).
A supplementary power is necessary for kinetic

energy increment of the vessel with the working fluid at
the start of rotary heat pump while the heat pipe is rotated
up to the appointed rotation speed. As mass of the working
fluid is not homogeneous during rotation of the rotor and
depends on distance r from the rotation axis, inertia mo-
ment of the vessel is variable and should be expressed by
the equation

1=jr2 dm (8)
0

where r is distance of cylindrical layer of the working fluid
from rotation axis; 7, is characteristic dimension of the
vessel (radius), as in considered case it is equal to the dis-
tance of working fluid boundary layer from the axis of
rotation; dm is increment of the working fluid mass in re-
gard to rotation radius and is equal

dm = f{r) ©)

Inertia moment of rotated vessel at appointed ro-
tation speed @y is dependent on compression kind of work-
ing fluid:

a) in the case of isothermal compression of the wor-
king fluid vapor
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b) in the case of adiabatic and poly-tropic compres-
sion of the working fluid vapor
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At poly-tropical processk =n; (n is exponent of
poly-tropical process).
The advantages of rotary heat pump:

1) compact structure — all the thermal processes of the
working fluid (compression, condensation, throttling down
and evaporation) are provided in one unit;

2) heat is transferred (absorbed) from cylindrical ves-
sel surfaces by disk ventilators of a new type;

3) no sliding movement parts in the unit volume;

4) engineering technology of the product is quite
simple;

S)prior field of application — endo-thermal heating
systems in buildings;

6) the liquid working fluid is returned into evapora-
tion zone by hydro-dynamic pump.

3. The elements of rotary heat pump

The three components of a new type are foreseen
to be applied in the suggested principally different heat
pump:

1. hydro-dynamic pump (Fig. 3);
2. disk ventilator (pump) (Fig. 4 and Fig. 7);
3. regeneration heat exchanger (Fig. 8).



3.1. Hydro-dynamic pump

Operation of the suggested hydro-dynamic pump
is different from widely used ones at present. It is based on
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the effect of Pitot tube, when pressure is determined as
static pressure p; in the compression zone and dynamic
pressure component p, in the periphery fluid layer (Fig. 3).

A-A

Fig. 3 Principal scheme of hydro-dynamic pump: / - rotary body of the pump; 2 - stationary impeller (stator); 3 - Pitot tube
(in impeller supporting structure ); 4 - fluid pick-up pipe; 5 - fluid pressure pipe; 6 - bearings; 7 - support stand;

8 - motor;

The impeller (stator) of the hydro-dynamic pump is not
turning on, as it is stopped down by the gravity forces. Af-
terwards working fluid with a certain kinetic energy is
passed into Pitot tube 3 and through it into the central part
of the impeller with the following pass into the external
net. Then the working fluid is spread on inside surface of
the rotated cylinder vessel and forwarded to its periphery.
The flow of the working fluid in the rotated vessel by thin
layer is moved into periphery and regime of the flow is
close to laminar. Here energy is not lost for the mainte-
nance of turbulent flow in the working volume (in opposite
to centrifugal and axial pumps etc.). The dynamic pressure
in Pitot tube is transformed into static pressure. The energy
is lost by friction at the hydraulic boundary layer and flow
drag in the Pitot tube.

The work necessary for fluid cranking up to the
peripheral speed v,

(12)

where L, is the work due to cranking of the fluid, J; m is
fluid rate in the pump, kg/s; v, is fluid velocity at pass into
Pitot tube m/s; v, is fluid velocity at the pump inlet, m/s.

The work necessary for fluid stopping in Pitot
tube

2
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where L is the work due fluid stopping, J; v;is fluid ve-

locity at the pump outlet, m/s.Then the energy consumed at
pump operation (power)
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- high pressure fluid tract; === - low pressure fluid tract

where L is energy consumed in the pump, J; N, is power
of the pump, J/s (W); 7 is efficiency of the pump.

3.2. Disk ventilator

Operation principle of the disk ventilator or the
pump action (Fig. 4) is based on the effect of fluid (gas)
flow stopping at hydraulic boundary layer. Hydraulic
boundary layer is distinguished by fluid flow laminar re-
gime in the channels of any shape. Heat transfer through
such layer is provided due to heat conduction only. So
boundary layer formed on the disks surfaces is detached by
partition having the form of comb and placed between the
disks up to axis during the turn of the device.
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Fig. 4 Disk ventilator: / - ventilator body; 2 - impeller of
disk shape (rotor); 3 - partition of the comb shape

The hydraulic boundary layers formed on the
disks surfaces are trailing working fluid (gas) layers lo-
cated at some distance from the disks surfaces. The parti-
tions between the disks are diverting the fluid into the out-
let channel. In practice, the fluid is left in the space be-
tween the disks during one turn. The energy is not con-
sumed for maintenance of fluid turbulence in the pump



volume in comparison with the centrifugal pumps. The
regime of fluid flow between the blades is close to laminar
regime.

Theoretical research of the suggested pump is not
carried out. The special method for efficiency assessment
of technology parameters and the structure is not devel-
oped also. The tests of laboratory made samples of ventila-
tor as well as the pump gave positive results. The image of
one tested disk pump prototype is presented in Fig. 5. The
main characteristic obtained by the tested sample is pre-
sented in Fig. 6.

Fig. 5 Image of disk pump prototype (cover removed)
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Fig. 6 Measured O-H characteristic of the tested disk pump
prototype: Q is supply water rate by the pump, l/s, H
is supply water pressure by m of the water lift

The fluid flow between the disks in the consid-
ered disk pump is actuated by hydraulic traction force of
the boundary layer. Flows of turbulent shape between the
blades (disks) are decreased to the minimum and the power
necessary for the pump is less by 15 - 20% in comparison
to centrifugal pumps. Vacuum is formed in the lower part
of the partition (with respect to rotation direction) and a
certain suction force is created by the pump. This means
that operation of considered disk pump could be in the
regime of suction or compression as well. Distance be-
tween the disks is depending on viscosity of the working
fluid and could be selected for a wide range of the working
fluid in regard to its viscosity.

The pump output could be easily changed by as-
sembling the rotor of a proper size by certain sections. The
enlargement of generated of the pump pressure is possible
by joining of two or more pumps into cascade [7]. The
image of disk ventilator test sample is given in Fig. 7.

3.3. Regeneration heat exchanger

The operation of considered heat exchanger is
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based on the principle of the rotary heat pipe (Fig. 8). The
disk pumps (ventilators) are mounted on rotary heat pipe.
They transport working fluid and are acting as heat ex-
changers. The joint heat and working fluid mass transfer is
rational and could be foreseen in some kind of equipment
applied in endo-thermal heating systems [17].

Fig. 7 Image of disk ventilator test sample

Fig. 8 Scheme of regeneration heat exchanger: [/ — disk
ventilator (pump) for heat outcome; 2 — disk pump
(ventilator) for heat absorption; 3 — rotary heat pipe
(partially filled by fluid with a certain boiling tem-
perature); 4 — thermal insulation of connecting link;
5 — motor

4. Conclusions

1. Suggested rotary heat pump belongs to the
equipment of a new structure and is foreseen to be applied
in endo-thermal heating systems, especially in air heating.

2. All the thermal processes are coupled in one
unit of rotary heat pump. The same processes regarding
heat pumps of traditional shape are usually provided in
separate components of the considered heat pump.

3. Structure of the suggested heat pump is simple
and production of it should be easily arranged. There are
no parts of sliding movement in the structure.

4. The three components of a new type are ap-
plied in the structure of the suggested heat pump (hydro-
dynamic pump, disk pump (ventilator) and regeneration
heat exchanger).
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J. Juodvalkis, E. Blazevicius, J. Karbauskaité, V. Nenorta

ROTACINIS SILUMOS SIURBLYS
Reziumé

Straipsnyje aptariamas autoriy siilomas origina-
lus rotacinis Silumos siurblys, kuriame visi termodinami-
niai darbo agento procesai (iSgarinimas-suspaudimas-
kondensacija) vyksta Siluminio vamzdzio darbo principu
viename uzdarame grybo formos pavidalo indo tiryje. Ja-
me, kaip vientisame elemente, yra suderintos ir iSoriniy
Silumnesiy transportavimo funkcijos. Darbo agentui iSga-
rinti reikalinga Siluma Salinama diskiniu ventiliatoriumi.
Siame $ilumos siurblyje naudojami trys naujo tipo mazgai:
hidrodinaminis siurblys, diskinis ventiliatorius ir regenera-
cinis Silumokaitis.

J. Juodvalkis, E. Blazevicius, J. Karbauskaite, V. Nenorta
ROTARY HEAT PUMP
Summary

An original rotary heat pump suggested by the au-
thors is described in the presented paper. All thermo-
dynamic processes of working fluid (evaporation — com-
pression — condensation) based on the principle of heat
pipe are provided in one volume of mushroom form closed
vessel. The transportation of external heat flows is com-
bined in the unit as well. The heat necessary for evapora-
tion is taken from external heat sources, and heat produced
by working fluid at condensation is transferred by disk
type ventilators (authorship certificate No 98544,
04.01.1981). The three components of a new type are ap-
plied in the suggested heat pump: hydro-dynamic pump,
disk ventilator, and regeneration heat exchanger.
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