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NEW PRINCIPLE OF ORGANIZATION OF WORKING PROCESS OF AIR
CONDITIONING SYSTEMSAT RAILWAY AND SEA TRANSPORT

Summary. An indispensable component of ensuring safe obuwtf railway and sea
transport in conditions of hot climate is mainteceof comfortable temperature of air in
control cabins and living spaces. Now the inteieséstored to use the Air Refrigerating
Plants (ARP) as they have a wide potential of lemmperature cooling without use of
ozone-destructive cooling agents prohibited by sieniof the Montreal meeting. At the
same time, air conditioning installations on thesibaof turbo-expanders have low
refrigerating factor, they are very expensive imafacturing and require a high level of
maintenance service.

Alternative trend of perfection of air refrigeratiaunits is connected with a new
principle of organization of working process, based the use as expander and
compressor of aggregates of cascade exchanger edsyse (CPE). Besides of
unsurpassed efficiency of exchange processes, €Rfharacterized by simplicity of
design and high reliability, including, due to Iér@quency of rotation (2000-3000 rifn
with practically absence of consumption of mechalnémergy on the drive of the rotor.
The attractive aspect of application of equipmehtconditioning with CPE is the
opportunity of organization of working process odlye to thermal energy including the
utilization in the heat-power installation of traost vehicle.

HOBBIN [TPUHLIWIT OPTAHMU3ALMN PABOYET'O ITPOLIECCA CUCTEM
KOHJINIMOHMPOBAHMA BO31Y XA XEJIE3HOAOPOXHOI'O 1
MOPCKOI'O TPAHCIIOPTA

AnHotamusi. HeoOxoqumoli cocraBmsionieil ooecrieyeHnss 0€30MacHOTO yIpaBICHUS
KEJIE3HOOPOKHOTO M MOPCKOTO TPAHCIOPTA B YCIIOBHUSAX XKAPKOTO KIMMAaTa SBISICTCS
nmoafepaHue B KaOWMHAX YOpaBIeHUS © OKWIBIX TIOMEMICHUSX KOM(pOpPTHOU
TEMIIEpaTyphl BO3IyXa. B HacTosIee BpeMsi BO30OHOBIISCTCS UHTEPEC K UCTIOTh30BAHHIO
BO3IAYIIHBIX  XOJOJWIBHBIX  YCTAaHOBOK,  HMMCIOIIUX  OOJBIION  MOTEHIUAI
HU3KOTEMIEPAaTypHOTO OXJIAXACHUS Oe3 WCIOIb30BAHHUA 3alPEUICHHBIX PElIeHHEM
MoHpeanbCKOTO COBEIIaHHS O30HOpa3pyIIAOIINX XJIaJareHToB. Bmecte ¢ Tem
BO3/IyIITHbIE KOHIWIMOHHBIC YCTAHOBKMA Ha 0a3e TypOOJCTaHIEPOB UMEIOT HEBBICOKHIA
XOJIOAWIbHBIA KO3(D(HUITMEHT, IOPOTOCTOSIIN B H3TOTOBICHUM WU TPEOYIOT BBICOKOTO
YPOBHS TEXHUYECKOTO OOCITYKHBaHUS.

ANBTEpHATUBHOE HANpAaBICHUE COBEPIICHCTBOBAHMS BO3IYIIHBIX  XOJOJMIBHBIX
YCTAaHOBOK CBSI3BIBACTCSI C HOBBIM TNPUHIIUIIOM OpraHM3aiuu padodero mporecca,
OCHOBaHHBIM Ha HCIIONB30BAaHUH B KadecTBE JETaHAepa W KOMIIpPeccopa arperaToB
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kackagHoro ooMennnka masienus (KOJT). ITomumo HempeB3oiimeHHOH 3P PEKTHBHOCTH
oOMmeHHBIX TpoueccoB, KOJ[ xapakTepu3yeTcss MPOCTOTONH KOHCTPYKLIMH M BBICOKOM
HAJEKHOCTBIO, B TOM YHCIle, Onaromaps HEBBICOKOH uacToTe Bpamenus (2000-3000

MHH ") ¢ MPaKTHYECKH OTCYTCTBHEM 3aTPaT MEXaHHUECKOH SHEPIHH Ha TPHBOJ POTOPA.
IIpuBnexaTenbHbIM acleKTOM NPHUMEHEHHS YCTaHOBOK KoHIuIMoHupoBaHus ¢ KO/
SBIISIETCS. BO3MOXKHOCTh OpraHM3alui padoyero mpormecca TOJIBKO 3a CUeT TEeIIOBOM
SHEpPruM, BKJIIOYas YTWIM3HPYEMYI0 B TEIUIOCHIOBON YCTAaHOBKE TPaHCIOPTHOIO
CpeicTBa.

1. INTRODUCTION

The opportunity to reduce the price of ARP is cate@ with the use as the expander-compressor
the Wave Pressure Exchanger (WPE) similar on aticani®n to the aggregate of air supply of the
Internal Combustion Engine (ICE) “Comprex” supergfiag system.

In a rotor of WPE, during immediate interchanginf emergy between compressing and
compressed mediums, alongside with cooling of a(g&sstream, compression up to 25 ... 30 % of a
coolant is carried out. The most part of a coolantompressed in a separate, basic stage of the
compressor actuated from an external power sugptyechanical energy.

Wave pressure exchangers alongside with attraptioperties mainly associated with simplicity
and reliability of a construction, have a numberdefadvantages caused by a wave character of
exchanged processes. The deviations of the opgnatode of WPE from calculated conditions on a
rotational speed of a rotor, consumption and teatpeg of the active medium are accompanied by
sharp loss in performance of its operation as @tre§both a mismatch of the moments of connection
of a cell to the windows of a high pressure wittagds of motion of primary waves, and owing to
increase in a share of not displaced compressedeanmaining in a cell during the moment of its
separation with the windows of high pressure. #sithe inevitable dissipative phenomena in
processes of formation and interaction of strongckhwaves limit the EFFICIENCY of the best
specimens of wave exchangers of pressure on ceddutanditions to values of 0,55 ... 0,56 [1].

To defects of WPE it is necessary to relate tgptiaetical limitation of a degree of heightening of
pressure in one step by valuss= 2,5 ... 2,8 according to criterion of efficiency exchange
processes.

Wider perspective of perfection of operating chaastics of ARP has use of a cascade pressure
exchanger (CPE) as the expander and as well asasie compressor of essentially new variety of
energy-exchanging devices.

In the design of CPE which is developed in V.DalNEWan interchanging of energy is carried
out in conditionally stationary static multistagegesses of mass- exchange with forming waves of
insignificant efficiency. Therefore the working pess is characterized by a higher effectiveness and
lesser sensitivity to the mismatch of a rotatiaspded of a rotor.

2. FEATURES OF WORKING PROCESS OF THE CPE

The principle of operation of the CPE is illustdhtey figure 1 where monolayer scanning of cells
of a rotor relatively to gas-distributing windowsica mass-exchanging channels of a stator is
schematized.

The active medium going from the window of gas whhpressure (GHP) in a cell of a rotor,
«recompress» preliminary compressed air up to & [ewresistance of a web and displaces it through
the window of air of high pressure (AHP) to thesomer.

Potential energy of working mediums after discomioecwith the windows of a high pressure it
is usefully used for preliminary compression ofsfreair during sequentially communication of a
considered cell with the cells of compression seclly means of head-exchanging channels. Thus, in
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the process of cascade mass-exchange a pressueasdec stepwise in each of the cells during its
moving on a site of expansion, and on a site ofpression -raises stepwise.
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Fig. 1. The scheme of monolayer scanning of a roftthe CPE relatively to the windows and chanoéla
stator: 1 - cells of a rotor; 2 - conditional carithoundary of compressing and compressed mediBimsnass-
exchanging channels of a stator; 4 - the blow-tghoventilator; 5 - a window of Gases of Low Presg{@LP);
6 - a window of Gases of a High Pressure (GHP)a window of Air of Low Pressure (ALP); 8 - a wind@f
Air of a High Pressure (AHP)

Puc. 1.Cxema passeptku potopa KO/l oTHOCHTENEHO OKOH M KaHAJIOB cTaTopa: 1 —sueiiku poropa; 2 —
yCJI0OBHAasA KOHTAaKTHas rpaHruna C)KI/IMaIOIIIeﬁ M COKUMaeMOH cpea; 3 —MaccooOMEeHHbBIE KaHAJIbI CTaTOpa; 4 —
IPOYBOYHBIN BEHTHIATOP; 5 —0KHO ra3oB Huskoro pasinerus ('HJT); 6 —0KHO ra30B BBICOKOTO JAaBJIEHHs
(TBJ); 7 —okHo Bo3myxa Hu3Koro pasiaenus (BHJI); 8 —okHo Bo3myxa Bbicokoro aasienus (BB/I)

At connection of a cell to windows of low pressy@_P and ALP) forced purge is carried out
with a fresh charge.

In the idealized cycle of the CPE, the exemplaryatity of volumetric consumptions of
compressed air and compressing gas takes plagefdiee a relationship of mass consumptions of
these mediums is close to inverse ratio of thewmperatures. The noted one is direct affirming of
higher EFFICIENCY of the CPE concerning the WPEacfically realizing the equality of mass
consumptions of compressed and compressing mediustgicture of supercharging system of ICE.

The remarkable feature of the CPE duty cycle ctssis insignificant influence of
incompleteness of compressed air displacement frenmotor cells to the consumer ("dead" volume)
on effective indexes of an exchanger. The reas@udt insensitivity is quite explainable. Energy of
the compressed air which was left in the cell afisconnection with the AHP window participates
during cascade mass exchange and, hence, along#de energy of compressing gas in the cell is
immediately consumed for the subsequent compreséitie fresh charge.

The operating advantage of the CPE is also an tymty of realization of working process at
lower rotational speeds of a rotor (1500 ... 3000 tirelatively a rotational speed of a rotor of WPE
(8000 ... 12000 min).

The design of the Cascade Pressure Exchangarsdted by figures 2, 3.
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Fig. 2. A principal view of the Cascade ExchangdP@ssure (CPE)
Puc. 2. KOHCTPYKTI/IBHaH CX€Ma KaCKaagHOoro 0OMEHHHUKA JaBJICHUA

Fig. 3. The basic units of a Cascade Exchangeresfsare
Puc. 3.OcHoBHEIC Y3JIbI KaCKaJAHOI'O 00MEHHUKA JaBJICHUA

The tests of some pre-production models {prototypase confirmed the efficiency of exchange
processes in the CPE in a range of operating dondiup ton, = 4 ... 4,2. On the condition af =
2.5 at a ratio of temperatures of compressing amapcessed gas€¥ = 1,82 (a rotational speed of a
rotor - 2750 mift) the efficiency of the CPE reaches values 0,82.

The noted above properties of the CPE allow toycaut a working cycle of an air (gas)
refrigerator plant without use of the compressahefbasic compression step of a coolant agent.

3. OPERATING INDEXESOF ARPWITH THE CPE

On the basis of aggregates of the CPE the authawve developed the new design of no-
compressor ARP with the CPE. In the design theniakrenergy is the principal power source of
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operation. In this device of ARP with the CPE mettal energy is consumed only for a drive of the
displacement ventilator of high-heading line amalAbthrough ventilators of lines of low pressure.

The tests of experimental installations of ARP wite CPE have shown the efficiency of its
operation in a wide range of depth of cooling. 8¢ wf ARP with the CPE as the conditioner, working
in heavy climatic and technological conditions with ambient temperature above 4550.C, the
expenditures for producing of cold output of 3,7 kvede: 0,85 kW of electric and 6,8 kW of thermal
energy.

At comparative estimations of power perfection dRFA with the CPE should be taken into
account the lower cost price of thermal energy eamag electric or mechanical energy, especially in
conditions of autonomous navigation of a vessebaition of maintenance of a vehicle).

In an even greater degree the advantages of ARPthétCPE becomes apparent in conditions of
production of deep cold (with temperature of a edobbject below-70 -150°C) where the use of
traditional steam compression installations becopredblematic. At realization of a regenerative
cycle, according to calculated investigations ia $ipecified range of temperatures, the ARP with the
CPE has considerably the best indexes of the east pf production of a cold concerning the best
specimens of air refrigerating machineries wittbtuexpander.

Power efficiency of ARP with the CPE alongside wathvious simplicity of a construction and
operating reliability open the perspectives of ttheide application in various industrial spheresl an
on transport, including, as the refrigerating ptaoit railway mechanical sections, sea and automobil
refrigerator containers.

More detailed information can be received at imragzcontact to authors.
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