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NONCONVENTIONAL PRINCIPLE OF CONVERSION OF HEAT
INTO COLD IN AN INTERNAL COMBUSTION ENGINE

The paper presents results achieved by a team of 12 researchers from the Faculty of Mechanical Engineering of the University of Zilina
who participated in the solution of the project of the above-mentioned title within the period of the years 2002 - 2005. The basic research project
Jocuses on the cooling internal combustion engine as an element of qualitatively new equipment designed for more effective utilization of fuel
energy by a nonconventional progressive principle of heat conversion cooled by thermocompression. The issue of permanently sustainable life
is approached from three hierarchical levels: a first level is a cooling internal combustion engine; a second level is a combined cogeneration
complex power source; and a third level is a permanently sustainable power system. The cooling internal combustion engine is actually the
basic element of the subsystem in the three-level complex of permanently sustainable life. It is still necessary to verify expected advantages of
this unconventional combustion engine, potential savings of primary energy and foresee possible problems arisen during the simulation of the

engine.

1. The project objective

The project objective is to carry out basic research into the fun-
damentals of a cooling combustion engine designed for more effec-
tive utilization of fuel primary energy by means of a nonconventional
progressive principle of conversion of heat into cold through ther-
mocompression. The subject of basic research is a nonconventional
cooling combustion engine reciprocal movement of the piston and
discontinuous combustion examined from the point of view of:
a) theoretical analysis,

b) consecutive mathematical modelling of thermodynamic and
energetic states of the cooling combustion engine (taking into
consideration the fact that it is the “cooling” engine),

c) selection of components and media focusing on the increase
of cooling output generated by the cooling combustion engine
and on decrease of thermal losses.

All the above mentioned activities require a flow simulation
of the coolant in the engine cooling system as a component of the
absorptive cooling circuit with its analysis and consequent synthe-
sis with the objective of designing a suitable configuration of the
absorptive cooling circuit and suitable choice of coolant. To deter-
mine the data necessary for a mathematical modelling and subse-
quent verification of calculations and selection of components and
coolants it is required:

a) to design a testing model of the cooling combustion engine and
for this purpose to accommodate the existing testing stand of
the combustion engine,

b) to carry out some experiments.

Expected social benefits are as follows:
« extension of existing knowledge, dissemination of new knowledge
- internationally oriented,
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 application of new knowledge into teaching materials of insti-
tutions of higher learning - professionally oriented,

« transfer of knowledge into solutions of other applied reasearch
tasks - specifically oriented,

o enrichment of scientific and technical know how - specifically
oriented aspect of solution.

2. Results of solution

The assessment is carried out chronologically in relation to
the given objectives.

The year 2002

The following activities were carried out:
1. theoretical analysis and mathematical modelling
2. testing stand - reconstruction.

To determine thermal flows from the individual chambers of
inserted cylinders it is necessary to know mass flows around the
cylinders and temperatures in the corresponding places. This can
be solved by a method of composition of the cooling system hydro-
dynamic elements characteristics. The dependence of specific energy
on the mass flow in the cooling circuit can be described by the fol-
lowing set of equations:

Yazkla.mwu’ (1)
Y, = Yo £ kypityy, (2)
Yc:klc.mwc’ (3)
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Fig. I(left) Characteristics of the cooling system: che - characteristics of
collector pipe, thermostat and radiator, chb - characteristic of cylinders
and cavities around the cylinders, cha - entry of cylinder blocks,
che - characteristics of partitions around cylinders, chd - exit from

cylinder heads.
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Fig. 2(right) Chbl - characteristic of the block, Chl and Ch2 characte-
ristics of cylinders, Cheelk - overall characteristic, Y¢ - pump specific
energy, mw bl - flow in the block, mw2 - flow around the second
cylinder, Ybl - specific energy of the block, Che - characteristics
of the collector pipe, thermostat and radiator.
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The resultant characteristic of the systems is given by the com-
position of individual characteristics of elements from Fig. 1, where
the series connected elements are summed at a constant mass flow,
the parallel connected elements are summed at a constant specific
energy, Fig. 2.

Thermal flows from the individual chambers of inserted cylin-
ders can be defined by means of the following equations:

Oicn = Qi + Oy (6)
Oin = my, = Coy (G = Liyy) (7
Qi = My~ ot (g = Tige) (3)
My, = My, T My, 9)
The year 2003

The following activities were carried out:
1. theoretical analysis and mathematical modelling:
» A theoretical diagram of cycle was completed and physical
and chemical properties LiBr-H,O were found out.
* Modelling and calculation of the inserted cylinder deforma-
tion.
» The issue of bubble formation on the surface of the inserted
cylinder was solved.
* Modelling and simulation of flows of coolant and energetic
flows.
» The project - updating of programme of experiment automa-
tion - completed.
« Specification of measurement places.
» Design of measurement chain - sensors, transmitters, ...

2. testing stand

* Methodology of measurement was prepared.

» Cooling circuit - design of arrangement, constructional design
of an expansion container and engine adjustment, external
pump, sent to a manufacturer, purchases.

» Provision of the external pump and purchase of fuels.

» Constructional design of the expansion container.

« Reconstruction of the testing stand, arrangement of the orig-
inal measurement chain for measurement with the help of
LiBr.

3. experiments
» Measurement of the engine surface temperatures - evaluation.
 Tests of the original engine - measurements of coolant flows.
« Mapping of the engine: characteristics, surface temperatures
for two coolants (water, LiBr), assessment.

There was no agressive harm or damage of sample material,
i.e. neither etching nor dissolving observed.

The following activities were carried out:
» Modelling and computation of the inserted cylinder deforma-
tion.
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* Geometry of the combustion engine cylinder generated in the
ANSYS software.
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Fig. 3 Dependence of thermal conductivity coefficient A on temperature

« Boundary conditions.

« Coordinates of geometric keypoints.
« Material characteristics.

e Thermal analysis of the cylinder.

¢ The final elements network.

H THLE |

Fig. 4 Mesh of the model in ANSYS.

Fig. 5 Applied thermal loading in C°.
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Fig.7 Graph of pressure loading (from either side).

Fig. 10 Graph of displacements in direction
(displacements are in metres)
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Fig. 11 Graph of full displacement of y-axis
(displacements are in meters)
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Fig. 12 Graph of full displacement dependences [m]
(horizontal axis - cylinder length, vertical axis - full displacement)
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Fig. 15 Graph of stress dependence on the length
(horizontal axis - cylinder length [m], vertical axis - stress [Pa])

From the results of the computation it was found out the the
liner was loaded mainly in the upper part some 22 mm from the
head by a relatively high stress of 445 MPa. The displacements can
be considered insignificant mainly due to their position (in the
y-axis direction in the liner top and in the x-axis direction in the
upper quarter of the liner.

Modelling and simulation of coolant flow and energetic flows.

A mathematical model for flow analysis

The analysis is based on a mathematical model for turbulent
flow of “renormalized groups type - RNG k — € - turbulent model”.
A renormalized procedure applied in turbulence lies in a gradual
elimination of small turbulences. Simultaneously, equations of mo-
tion (Navier - Stokes equations) are transformed in such a way that
turbulent viscosity, forces and nonlinear members are modified.
Supposing that the turbulences are related to dissipation &, then,
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Mass flow rate and temperatures. Tab. 1

Mass flow rate round
cylinders [kg.s™!]

Mass flow rate
from outlet [kg.s™']

outletVla = 0.096

temperature on outlet
from cylinders [K]

my; = 0.233 Ty = 370.97
outletV1lb = 0.137
outletV2a = 0.098

m,, = 0.237 T\ = 369.12
outletV2b = 0.139
outletV3a = 0.105

m,; = 0.260 T3 = 368.21

outletV3b = 0.155
outletV4a = 0.0984
outletV4b = 0.181

M, = 0.279 T, = 361.41

Ve
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/ Inlet

Fig. 17 Specification of boundary conditions

the turbulent viscosity u; depends on a degree of turbulences and
the RNG method constructs this viscosity with the help of itera-
tive elimination of narrow bands of wave numbers. The following
equation is used for the iterative process:
Ay AEl
d )
The averaged RNG model derived by a statistical method has

formally the same shape as the classical k — & model. The equa-
tion for transfer of momentum has the form:

0o _ o __ 0 oi,
5 P oxj(”“"”")_ oy, | M\ ax, " oy,

2 o\l e
3 Mesr ax, ox P8; i

i

(10)

(11)
and, consequently, transport equations are used:

2 ) + (o) = | k] + p?
at(p) axj(pwj )= o ak Ly ox, My 2
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For more details see [4].
Computed and measured data Tab. 2
Data computed by Data measured
model experimentally
Mass flow through
block [kg.s '] m,=>" m, =10l m, = 1.01
=1
4
Average mising ZTW,
temperature leaving _ =1 _ _
block [K] Ton 36717 T, = 367.24
Total thermal flow Q=M c- 0p=My-c-
to the cooling system (T = Toy) = (T = Ty) =
[W] = 41274.66 = 41571.6
Thermal flow from inserted cylinder. Tab. 3
Thermal flow from inserted cylinder Q,,,; [W]
Oun 13 240.5
Oun 11 626.3
O 11 760.8
Oupa 4652.0
4
Total thermal flow into coolant 0, = ZQC,,,. 41 279.6
i=1

Specification of places for measurement. Design of measure
chain - sensors, transmitters.

The quality of the actual evaporation process is influenced by
a constructional arrangement of the non-conventional cooling circuit
of the combustion engine, pressure and temperature conditions
under which the evaporation is assessed and concentration of
alternative coolant. The cooling potential of atmospheric circuit is
examined. Temperature conditions are defined by the boiling point
of non-conventional coolant.

When compared with the former cooling system designed for
tractor or automobile engines, for the non-conventional cooling
system the following items can be defined:

Mass equation of the non-conventional system:

My = Mgy + mey (13)
Energetic equation of the non-conventional system (disredarding

other thermal losses):
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Tvych = Tvym

Fig. 18a m;,; - coolant mass flow, T,,, - temperature on engine outlet,
T, - vapour temperature, T, - surface temperature in evaporator,
T,.n - temperature of lean solution leaving the evaporator and entering
the radiator, T,,., and T,,,, - temperature entering the combustion
engine.

Cooling engine CHSM - measured and controlled system
- Combustion engine
- Adsorption refrigeration device utilizing heat from engine cooling
- Control of brake for engine braking
- Control of fuel amount and engine load
- Control of the engine cooling pump speed
- Control and measurement of fuel consumption

Combustion engine and ies Parts of heat circuit outside engine
- Temperatures in important places - Heat exchangers - Evaporator
- Pressures in important places - Piping - Cooling parts
- Torque, RPM, atmospheric cond. - Pumps - all others
I 1 I 1
Temperature Sensors with Temperature Sensors with
sensors voltage output sensors voltage output
-thermocouples || - pressure - RTD sensors - pressure
- RTD sensors - other quantity - thermocouples - other quantity
ﬂ 2 Digital inputs U
Temperature - Engine Temperature
converters speed converters
P5201-L21 o Fuel P5201-L21
P5201-L10 consumpti P5201-L10
ﬂ Control U reserved
Signal of engine, Signal inputs and
co;lver:;on brake and co:;ver{}on outputs
= fuel supply =
(@A) = (V) (mA) - (V) 111
ﬂ v ﬂ ﬂ U v Digital 10
-6DI -8DI
Analog inputs (16AI) -8DO Analog inputs (16AT) -8 DO
ACHO — ACH15 -2 A0 ACHO — ACH15 -2A0
INNNNNANNNANANRY M AV NN NN 7
1. measurement card 2. measurement card
National Instruments PCI-MIO-16E-4 National Instruments AT-MIO-16E-10
250 ks/s, 12-bit, 16/8AI, 8DI/DO, 2A0 100 ks/s, 12 bit, 16/8Al, 8DI/DO, 2A0

Measuring computer

Fig. 18b Scheme of the measurement system of CHSM cooling engine
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Fig. I8¢ Placement of selected measurement sensors
Qch = vap + roh (14)
Evaporation efficiency:
U, = Qvﬁp —1- roh =1 Mepg* € (Tvch - Tvych) _
“ Qch Qch Mch . Cr(Tvm - Tvym)
My ¢ AT,
— 1 _ hd ch (15)
M, - c, - ATy,
0 (Toen = Tyen) AT,
U,kzl_ ochzl_ ch vych =1- ch. (16)
Qch (Tvm - Tvym) ATM

Within further reconstruction (reconstruction - adjustment of
temperature sensors, insulation of the evaporation container) the
0, < 0., states are modelled at the atmospheric pressure. When
defining this state it is necessary to follow trends of chosen para-
meters (oil temperature, exhaust gases temperature, flow through
the block, temperature of the liquid at entering or leaving the
engine, temperatures in the evaporation container, torque, consump-
tion), which might clarify the transport of heat from the combus-
tion space to the surface in the evaporation container.

Consequently, it is possible to define the value of a reduced
output number as:

COPyyp = 0, Nyt Oy Uy ) a7

9,

If we are able - when realizing the complex cooling system in
the required conditions - to define the state A7, = 0 under suit-
able temperature and heat conditions on the combustion engine,
then U, = 1. Then, it follows that we are able to maximally utilize
after-expansion exergy in the cooling system and that we are also
able to transform it into evaporation heat required for defining the
cooling output of the absorptive unit.

Points for temperature measurement.
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Fig. 23 View 2, view of the injection pump.

Graphs of measured values (graph 4 and graph 5).
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The year 2004

The following activities were carried out:
1. theoretical analysis and mathematical modelling

Drawing documentation for forced adjustments of the engine
and test stand.

Checking and connecting the sensors for new tests, i.e. obser-
vation of the evaporation process, temperature states at inten-
sification of evaporation under atmospheric pressure and
consequently at underpressure.

Detailed topography of cavities of the engine cooling jacket,
designed simplified virtual model of the engine cooling jacket,
realistic meshing.

Modelling - meshing of the cavities of the engine cooling
jacket - for calculation.

Solution of boundary tasks and conditions for the modelling
of heat flows in the block.

Checking calculations and simulation of influence of changes
in the boundary conditions.

Preliminary calculation (thermal balance) of quantities char-
acterizing the state of coolant in particular places of the
energetic circuit with the cooling combustion engine.

KOMUNIKACIE / COMMUNICATIONS 2/2006 =« 17
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Graph 4(left) Change of temperature for revolutions in defined points. Graph 5(right) Change of temperaturefor revolutions in defined points.

2. experiments  Tests of the engine with an adjusted cooling system with the

» Measurements of surface temperatures of the engine - assess- evaporator to define the output reduced number.
ment. » The arrangement of the test stand and its control with the
» Dismantling and assembly of the engine for the purpose of focus on automation of tests of the engine with a modified
topography of the cooling jacket (of real cavities). cooling circuit with an external pump in order to verify the
« Tests of the original engine - with an alternative coolant (LiBr). results from the virtual modelling.

e ey b e

Fig. 24 Cavities of cooling jacket - real, virtual model, mesh
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Fig. 25 (left) Assembly of atmospheric test stand.
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flow in the engine block, v,,,,. - max. value of interval recommended for
velocity of flow in the engine block.

The resultant point of the cooperation of the ICE with the
absorptive cooling system.

All the investigated parameters were recorded and assessed
with a computer programme.
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Graph 6 (right) 1y, - criterion of critical average temperature of overhe-

ating, ty,., - criterion of critical average temperature of cooling.
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Graph 8 (right) Course of observed temperatures on gradient under the
constant condition of output temperature from the ICE block.

Alternatives of the cooling system arrangement
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Fig. 26 Velocity field of flow (original coolant on the left, alternative coolant on the right)
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Fig. 28 A alternative - left: view of non-cooled copper spiral, right: view of cooled copper spiral
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thermal flows from cylinder during
exchange coolant and reconstruction
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Graph 11. Results of modelling of exergy flow
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Graph 12 Performance coefficient
The year 2005

The following activities were carried out:
1. experiments
» Measurements taken on the engine with the adjusted cooling
circuit with the external circulation pump with the aim of
assessing real flows of coolant for further virtual modelling.

2. alternatives of solution, assessment and final reviewing proce-
dure.
» Heat and energetic losses for different flows of coolant and
constant revolutions of the engine.
 Evaluation of the project main objective.
« Final opinions of reviewers.

Quantitative assessment of publications written during the project
solution:

Publications in foreign and domestic journals Number: 10
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Graph 13(left) Changes in flow through the ICE block and engine
loading (that is why the values are negative)
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Graph 14(right) Changes in exhaust gases temperature and flow of
coolant through the block
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Graph 15(left) Changes in torque and and exhaust gases temperature

Scientific monographs

(also individual chapters) abroad Number: 1
Scientific conferences (presentations, posters) Number: 17
Doctoral dissertations and diploma theses Number: 7
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Graph 17(left) Temperature changes in relation to torque change
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Graph 18(right) Changes in temperatures of oil and charge air

3. Social benefits

Extension of existing knowledge

The results of both theoretical solution and experiment were
continuously published in journals and presented at conferences
not only in the Slovak Republic but also abroad.

Aplication of new knowledge in educational materials of institu-
tions of higher learning

Within the framework of the pedagogical process students of
engineering and doctoral forms of study get acquainted with the
results of theoretical solution and during laboratory practical activ-
ities and individual students activities (e.g. theses and dissertations)
directly participate in the project solution.

Transfer of knowledge for consequent task solutions

On the basis of the results achieved within this project solution
we submitted an application for another project “Non-conventional
energetic unit with a cooling combustion engine”. The project was
approved by the Agency for Support of Science and Technology
as APVT-20-018404. The project makes use of the results gathered
from basic research, i. e. more effective utilization of fuel primary
energy (in this specific case it is oil) by means of nonconventional
principle of transfer of heat into cold by thermocompressions in
the piston combustion engine (cooling combustion engine).

Extension of scientific and technical know how

The project solution confirmed the possibility of utilization of
thermocompression in the classical piston combustion engine and
thus contributed to the extension of the contemporary scientific
and technical knowledge.

The paper is based on the final report on the project.

The contribution was created within the framework of the
project Nr. APVT - 20 - 010302, which is supported by the Agency
for Support of Science and Technology of the Slovak Republic.
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