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STRUKTURA SYSTEMU POMIAROWEGO NIEKONWENCJONALEGO
OBWODU ENERGETYCZNEGO

A STRUCTURE OF THE MEASUREMENT SYSTEM FOR
A NON-CONVENTIONAL ENERGETIC CIRCUIT

W artykule omowiono automatyczny systemu pomiarowy, ktory zastosowano w niekonwencjonalnym obwodzie energe-
tycznym. Podstawg niekonwencjonalnego obwodu energetycznego jest ukiad trojzmienny, w ktorym silnik spalinowy o za-
plonie samoczynnym jest podstawowym zrodtem energii. System ten produkuje energie elektryczng i energie cieplq na
trzech poziomych termicznych. Opisany system jest niekonwencjonalny poniewaz zastosowano niekonwencjonalny obwod
chtodzenia silnika spalinowego, ktory zaprojektowano jako termokompresor dla absorpcji ciepta z tego obwodu.

Stowa kluczowe: niekonwencjonalny system energetyczny, system pomiarowy, niekonwencjonalny

silnik spalinowy.

The paper deals with an automated measuring system implemented in a non-conventional energetic circuit. The basis
of a non-conventional energetic circuit is a trivalent system in which the ignition combustion engine is the source of
primary energy. The system produces electric and thermal energy at three thermal levels. The system is referred to as
non-conventional because of the non-conventional cooling circuit of the combustion engine which has been designed

as a thermo compressor for absorptive cooling circulation.

Keywords: non-conventional energetic system, measurement system, non-conventional combustion engine.

1. Introduction

The aim of using energy contained in fuel in a more effec-
tive way together with the aim of reducing negative impact of
“waste heat” produced by a combustion engine on the environ-
ment have led to the use of cogeneration and three-generation
equipment.

Within the framework of the basic research task funded by
the Agency for Support of Research and Development of Slo-
vakia we have been solving the problem of a more efficient
non-conventional usage of the part of energy taken away by the
combustion engine cooling system for the production of cold.
This type of combustion engine is simply referred to as the
cooling engine. The preliminary scheme of the solved adsorp-
tion refrigerant system is illustrated in Fig. 1 and a view of an
actual functional laboratory sample can be seen in Fig. 2.
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Fig. 1. Preliminary scheme of the solved adsorption refrigerant system

Fig. 2. A view of an actual functional laboratory sample

2. Measurement system

Construction work of the energetic plant with a non-conven-
tional combustion engine has already started. The measurement
system of the equipment is to be assembled soon. All important
quantities on parts of the energetic system will be measured in order
to evaluate the engine working state, temperature distribution, pres-
sure distribution and thermal balance of the system [5]. The quanti-
ties measured on the combustion engine are as follows:

- torque by a strain-gauge sensor of the force,

- rotational speed of the combustion engine crankshaft by
the incremental sensor position (which has 3600 impulses
per revolution),

- temperatures measured by thermocouples of K and J ty-
pes: temperature of intake air, temperature of oil, tempe-
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rature of cooling liquid in the inlet and outlet, tempera-
ture of compressed air behind the blower, temperature of
exhaust gasses in front of and behind the turbine,

- pressures: atmospheric pressure, air pressure behind the
blower, pressure differences on the flow meter diaphragm
in the inlet piping, pressure in the lubricating system,

- the fuel pump control rod position,

- fuel consumption measured by the mass method (measu-

rement of consumption time).

The quantities measured on the refrigerant circuit are fol-

lowing [3]:

- flow of the LiBr cooling liquid,

- temperatures in all important places for evaluation of the
thermal balance using thermocouples of K type,

- under-pressure in the desorber that functions of a vapo-

rizer,

- pressure of cooling liquid in the engine in a place behind
the electric pump.

A scheme of the measurement system of the non conven-
tional energetic unit is illustrated in Fig. 3. The basic scheme of
the non-conventional energetic unit with a cooling combustion
engine is illustrated in Fig. 4.

The special software for computer measurements and con-
trol of the test bench was developed. The work was divided into

two stages [5]:

1% stage (debugging of the problems regarding data acquisi-
tion). To begin with it was necessary for the measurement
software to be able to record at least the following data:

- analog inputs on measurement cards (engine torque, tem-

peratures, pressures, voltage),

- digital input from the incremental sensor of rotation.
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Fig. 3. Scheme of the measurement system of a non conventional ener-

getic unit [5]
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Fig. 4. Basic scheme of excellent laboratory unique sample of the non-conventional energetic unit with marked locations of sensors [5]
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In the first stage the software has to meet the following
more detailed specifications:

1.1. The software must allow for choice of a suitable sampling
rate in order to enable the following:
- measurement of steady modes of the engine
where a low sampling rate is sufficient,
- measurement of very fast dynamic modes, such as an en-
gine run down, engine run up where a high sampling rate
is necessary.

The sampling rate would be optional for instances in an in-
terval from 0.2 Hz to 20 kHz.

1.2. There must be a choice of the impulse number for evalua-
tion of the crankshaft running speed. The used sensor has
3600 impulses per one revolution. This demand is similar
to the one mentioned above.

- When unevenness of the crankshaft running will be me-
asured, the running speed must be evaluated very fast.

- For measurement of the steady state a higher impulse
number would be sufficient for the engine speed evalu-
ation.

1.3. The software must allow for defining ranges of measured
temperatures, pressures and so on.

1.4. The software must allow for saving measured data on the
disk in a suitable format, for instance “xIs” or
“csv”, to enable additional manipulation with
data.

1.5. The software would enable to determine appro-
priate quantities from the measured data.

For instance, the engine power from the torque and
rotational speed, air flow from the measured pressure
difference on diaphragm, reduction of the measured
parameters onto normal conditions, etc.

2m stage (debugging of the problems regarding con-
trol). After the first stage has been successfully
completed the issue of control is to be dealt with:

2.1. Evaluation and control of fuel consumption
measurement (measurement of the consumption
time on the base of impulses from weight, fuel
valve control, change of the fuel mass for mea- .
surement). On the base of the fuel heat value the §w
software will directly calculate a specific fuel p
consumption and overall efficiency of the en-
gine.

- maintain the constant engine speed (on the base
of the real measured value),
- maintain the constant engine torque.

2.3. The software should be able to control and mea-
sure the pump fuel rod.

2.4. The software should be able to statistically pro-
cess the quantities.

2.5. The software should be able to control the whole

test by the given procedure. The modes and their ‘ -
duration will be defined before the measure- ]
ment. o

3. Experiment

For the purpose of further analysis and verification of spre-
ading and distribution of temperatures not only in parts of the
cooling engine but also in the all non-conventional energetic
system some comparative measurements on the laboratory
sample were carried out under the following conditions:

- the whole system was filled with the original cooling liquid,

- the sampling frequency was 2 Hz,

- the fixed testing regime of the engine in the interval of

650 —5800s,

- the specific engine output in the interval of 5900—6 100,

- the maximum engine torque in the interval of 6 180 —

6270s,

- the engine idle run in the interval of 6 300 — 6 630 s,

- the stopping of engine in 6 650 s,

- the system inertia observed in the interval of 6 650 —

12 000 s.

The basic time characteristics of revolutions and torque as
well as of some temperatures and sub- pressures taken in the
marked locations according to Fig. 4 are shown in Fig. 5. For
the purpose of identification of temperatures in different loca-
tions of the system some shots made by a thermo camera were
recorded during the experiment, see an example illustrated in
Fig. 6.
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Fig. 5. Time characteristics of parameters during experiment [6]
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Fig. 6. A thermo camera shot of the cooling engine and part of energetic circuit and of evaporator [6]

4.Conclusion

The experiment has shown that the designed and construc- rification of the non conventional energetic system parameters
ted diagnostic system is reliable. The fact that the system is but, due to its adaptability, also for diagnostics of other energe-
open allows for its extension or reduction in compliance with tic machinery and equipment.

requirements and tests. The system can be used not only for ve-

5.
(1]

(2]

The

References

A. Elsafty and A. J. Al — Daini: 4 Parametric Study of Vapor Absorption Air — Conditioning System Soe, Coventry University,
Coventry, 2003.

Choon-Geun Moon, Thanh — Tong Phan, Jae — Dol Kim, Eunpil Kim, Jung-In Yoon: Numerical study on compactness of vertical
plate absorber, Pukyong National university, Namgu. Korea, Tongmyong Coollege, Namgu, Korea, 2004.

Chalamonski, M.: Analysis of thermal centre failuring, Eksploatacja i Niezawodno$¢ - Maintenance and Reliability, Nr 4(36)/2007,
ISSN 1507-2711.

Drozdziel, P.: The influence of the vehicle work organization conditions on the engine start-up parameters, Eksploatacja
i Niezawodnos¢ - Maintenance and Reliability, Nr 1(37)/2008, ISSN 1507-2711.

Hlaviia V. et al.: 4 non-conventional energetic unit with a cooling combustion engine. EDIS ZU Zilina, 2008.

Hlavna V., Istenik R.: A cooling combustion engine in a non-conventional energetic system. Badania symulacyjne v technice
samochodowej, Lublin, 2008.

Hlavna V., Istenik R., Labuda R.: Spalovaci motor s generovanim chladu. KOKA 2007, Bratislava, 2007.

Kondepud. D.: Modern thermodynamics, John Wiley and Sons, 1998.

Sencan, A., Yakut, A., Dikmen, E.: New model for determining the thermodynamic properties of libr-h20 solution, G.U. Journal
of Science 17(1):101-110 — 2004, ISSN 1303-9709.

Yasuo Takagi, Tadashi Nakamaru, Yoshihiko Nishitani: An absorbtion chiller models for HVACSIM, Toshiba Corporation, Fuchu
City Toshiba Japan, Sanko kucho, Nagoya Japan, 2004.

stk sk skeokokskskok

contribution was created within the framework of the project APVT — 20 — 018404, which is supported by the Agency for Support
of Science and Technology of the SK.

stk sk sk sk ok skok

Prof. Vladimir HLAVNA

University of Zilina

Faculty of Mechanical Engineering
Univerzitna 1, 010 26 Zilina, Slovakia
e-mail: vladimir.hlavna, @fstroj.uniza.sk

14 EkspLoaTACJA | NiIEZAWODNOSC NR 1/2009




