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IT ARE SCIENTIFIC - THE TECHNOLOGICAL FUNDAMENTALS OF MAKING OF EJECTOR
HEAT EXCHANGERS AND APPLICATION IN DIFFERENT SYSTEMS ARE MORE THEIR

Associate prof. Kogut V., Post-graduate student Butovskyi I., PhD, Post-graduate student
Bushmanov V., Associate prof. Zhikhareva N., DSc (Engineering) Khmelniuk M.
Odessa national academy of food technologies, Odessa, Ukraine
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The cost efficiency of the industry us the heat-exchange units depended on qualitative usage of heat
exchange and capital investments in these apparatus, also from a running cost.

In technical publications even more often there are a new term "an ejector heat exchanger" in which
one construction introducing of the jet device are necessary. Jet devices were prime enough in a construction
has worked without a direct expenditure of a mechanical energy.

In a technical publications for are more such than apparatus often used two terms: an ejector (from an
armour. ejectio - | deletes) if it usage are intend for removal of a steam (gas) of or a fluid outside from bulk
(vessel), and the working jet (flow) of are from the outside; and an injector (from an armour. injicio - |
throws in) if a steam the bulk (gas) of or a fluid are push into bulk (vessel) of by means of a working jet out
of the same bulk.

In a basis of process of work of these heat exchangers of ejector contact heat exchange between steam
and a liquid are assume.

The principle of such heat exchange in the apparatus is carry out on the basis of mixing of steam and a
liquid or on the contrary, sometimes there are a change of phase, and in certain cases are not present. Steam
and a liquid could be one substance then the further separation it is not required. Steam and a liquid could be
from various substances where after heat exchange it is necessary to spend additional separations of a mix.

For components participate in heat exchange from one substance most important phenomena in this
process are a frontal resistance of drops, transpiration, friction about walls of the channel and condensation
from a main stream. Though these phenomena were manifest simultaneously, nevertheless there is a
predominance of each of them on the part of observing process.
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Figure 1 - Distribution of zones on length of the heat exchanger-ejector

Zone 1. Accelerations of a gas stream consist of air and steams easily - boil liquids, at the expense of
cotraction of the confuser (preparation for contact heat exchange).

Zone 1l. Active contact heat exchange between a main stream of gas and an inject liquid (instant
cooling of gas).

Zone Il1. A retardation of a stream and condensation of a liquid from a gas mix (air of hot, and a liquid
it are considerably overcool)

The estimation of each factor is necessary for qualitative analysis of process pass in the apparatus.

To the basic signs it is possible to spend classification the heat exchangers ejectors. It are conditionally
possible to observe three systems in whom heat exchanger- ejector (clos, half-open and open) on the relation
with a circumambient.
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Classification of application of heat exchangers-ejector in different systems
The systems us ejector heat exchangers, it are possible to classify on traffic of the basic and auxiliary
streams, and high-speed characteristics in relation to a sound velocity.

Table 1 - Classification of the systems work on the basis of heat exchangers-ejector

Systems Industrial title of Processes in Processes in the Processes in Processesin a
the apparatus a confusor | mixing chamber or a diffuser sprayjet
Speedup of a evaporations Inhibition to
main stream initial
velocity or
smaller
Shutsystems Termopressor - | Speedup of a | The instantaneous | Inhibition of | Shallowly -
anintercooler main stream | heat exchange | a main | dispersible raspyl
(steams  of | from merging and | stream (luguid ammonia)
ammonia) evaporation of | (steams  of
ammonia ammonia)
End coolant - a | Speedup of a | The instantaneous | Inhibition of | Shallowly -
refrigerator set main stream | heat exchange | a main | dispersible raspyl
(steams  of | from merging and | stream (luquid ammonia)
ammonia) evaporation of | (steams  of
ammonia ammonia)
Semiopensystems | Thethermocapacitor | Speedup of a | The instantaneous | Inhibition of | Shallowly -
- a hydrocarbon main stream | heat exchange | a main | dispersible raspyl
(air mixture | from merging and | stream (air | (liquid nitrogen or
with steams | evaporation of | mixture and | Carboneidioxydum)
of a | nitrogen or | pool
hydrocarbon) | Carboneidioxydum | hydrocarbon)
and condensation
of a hydrocarbon
Ejector - the screen | Speedup of a | The instantaneous | Inhibition of | Shallowly -
of flue gases main stream | heat exchange | a main | dispersible raspyl
(air mixture | from merging and | stream  (air | (liquid nitrogen or
with flue | evaporation of | mixture with | Carboneidioxydum)
gases) nitrogen or | the
Carboneidioxydum | condensed
and condensation | flue gases)
of builders of flue
gases
Opensystems Ejector - the air | Speedup of | The instantaneous | Inhibition of | Shallowly -
humidifier in a | the main | heat exchange from | a main | dispersible raspyl
heat-treatment cooled air | merging and an | stream of a | Cooling water
chamber flow evaporation of | humidified
water humi- | air
dification of air
Ejector - snow - | Speedup of | The instantaneous | Inhibition of | Shallowly -
thegenerator the main | heat exchange | a main | dispersible raspyl
cooled air | from merging and | stream of air | Cooling water
flow a solidification of | and snow
water and
formation of snow
Ejector - an air | Speedup of a | The instantaneous | Inhibition of | Shallowly -
cooler in a band of | main stream | heat exchange | a main | dispersible raspyl
a bench of air from merging and | stream of air | Cooling water

an evaporation of
water

Ejectorwater-
coolingtower

Speedup of a
main stream
of air

The instantaneous
heat exchange from
air and refrigeration
of water

Inhibition of
a main stream
of air and
compartment
of  cooling
water

Shallowly -
dispersible  raspyl
of water
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Classification on driving of the main and auxiliary flows and speed regulation characteristics in

relation to a speed of sound

It is possible to classify systems us ejectors heat interchangers on to phase change main and auxiliary

flows.

Table 2 - Classification on driving of the main and auxiliary flows

Coolantsystems Flow rate in Drivingof a mainstream Driving of an auxiliary
(heatexchange) ChisloMakhaMayevskogo flow
mixing chamber

Termopressor - M=0.3 Ejectorheatinterchanger sprayjet
anintercooler (refrigeration)
End coolant - a refrigerator M=0.3 Ejectorheatinterchanger sprayjet
set (refrigeration)
Thethermocapacitor - a M=0.3 Ejectorheatinterchanger sprayjet
hydrocarbon (condensation)
Ejector - the screen of flue M=0.3 Ejectorheatinterchanger sprayjet
gases (condensation)
Ejector - the air humidifier M =(0.1-0.3) Ejector heat interchanger sprayjet
in a heat-treatment chamber (refrigeration and

humidification)
Ejector - snow - M = (0.1-0.3) Ejector heat interchanger sprayjet
thegenerator (refrigeration and

snegoobrazovaniye)

Ejector - an air cooler in a M = (0.1-0.3) Ejectorheatinterchanger sprayjet
band of a bench (refrigeration)
Ejectorwater-coolingtower M = lessthan 0.1 Sprayjet Ejectorheatinterchanger

(refrigeration)

Classification on to phase change in ejectore heat interchangere main and auxiliary flows.

In engineering calculations the dependences gain as a result of experimental data and blind carrying
over on various aspects of apparatuses, did not lead to optimum maintenance and hid reserves of the g
device. An important problem in calculations is correctly to define traffic of the main and auxiliary stream.

The design procedure of the ejector-heat exchanger was bas on the equations of thermal balance.
Important parameters for calculation of the ejector-heat exchanger are the volume maintenance of steams of
substance in a mix, ambient temperature and working substance (the chill hydrocarbons; carbonic acid; inert
gas nitrogen, aspect of a liquid).

At the heart of constructive calculation of the ejector-heat exchanger definition of diameters of the
apparatus, lengths of zones and angles of inclinations of the confuser and the diffusor lay. Optimum angles
of inclinations of elements of ejector experimentally:

The confuser — 45C?; the Diffusor - 10+12 C°;

Diameter of the chamber of transpiration-Dchamber = D./2;

where Dg-diameter of ejector (paid off dependences on speed of a stream of 20-25 km/s and
productivity. For maintenance of speed of a stream M=0.1-0.3 in the chamber of transpiration.

Depth of the room of transpiration - L = 24D namper

Optimum size for good mixing of streams and instant heat exchange.

Length of the diffusor - L = 7+9 D¢hamper

Optimum size for a retardation of a stream and fall

The injector could be any design, provide necessary productivity and support speed of a plume 50 -
100M/with.

Table 3 - Classification of flows by change of phase

Coolantsystems (heatexchange) Phasechangemainstream Phasechangeauxiliaryflow
Termopressor - anintercooler Withoutphasechange Fluidsteam
End coolant - a refrigerator set Withoutphasechange Fluidsteam
Thethermocapacitor - a hydrocarbon Steamfluid Fluidsteam
Ejector - the screen of flue gases Par-zhidkost- Fluidsteam
tverdoyeveshchestvo
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Ejector - the air humidifier in a heat-treatment | Withoutphasechange Withoutphasechange
chamber

Ejector - snow - thegenerator Fluid - solidmatter Withoutphasechange
Ejector - an air cooler in a band of a bench Withoutphasechange Fluidsteam
Ejectorwater-coolingtower Withoutphasechange Withoutphasechange

Classification on transiting in ejectore exchanger main and auxiliary flows

For problem solving of projection of ejectors of heat interchangers indispensably:

— formalization of the task and algorithm elaboration of control by calorific effectiveness of a
heat interchanger of an ejector;

— development of phonological and mathematical models of a heat interchanger of an ejector
also are more their identification with plants controls;

— assaying of calorific effectiveness of heat interchangers of an ejector, development and
implementation of optimal alternatives.

There is still in some systems an application of an ejector of a heat interchanger, but in these
classification devices in whom the author of a paper accepting involvements in development was display.

Table 4 - Classification of streams by transiting to ejector heat exchanger

Coolantsystems Drivingof a mainstream Driving of an auxiliary
(heatexchange) flow
Termopressor - anintercooler Ejectorheatinterchanger sprayjet
(refrigeration)
End coolant - a refrigerator set Ejectorheatinterchanger sprayjet
(refrigeration)
Thethermocapacitor - a hydrocarbon Ejectorheatinterchanger sprayjet
(condensation)
Ejector - the screen of flue gases Ejectorheatinterchanger sprayjet
(condensation)
Ejector - the air humidifier in a heat- | Ejector heat interchanger sprayjet
treatment chamber (refrigeration and humidification)
Ejector - snow - thegenerator Ejector heat interchanger sprayjet
(refrigeration and snegoobrazovaniye)
Ejector - an air cooler in a band of a | Ejectorheatinterchanger sprayjet
bench (refrigeration)
Ejectorwater-coolingtower Sprayjet Ejectorheatinterchanger
(refrigeration)

Ejectors in the capacity of jet devices had f wide application in various industries - chemical,
ecological, and also in refrigerating industry. Heat exchangers ejectors possessed a simple construction and
high reliability. Ejectors worked without escapes, interferences, done not need inspection and possessed in
this connection high manufacturing security.

Usage of an ejector of a heat exchanger are capable to solve the task of the industry on remainance of
a hydrocarbon at storage, and specially in transit of oil products, and as at a flood from a capacity in a
capacity. The ejector a heat interchanger by means of mixture of oblate cooled air and finely divided water
droplets surfaced half carcasses. Padding concern called formation of finely divided ice at interplay of
mixture of a compressed air and water droplets when escaping a diffuser - an ejector of a heat exchanger,
with air of the low temperature, circulate in a cold storage room. Receivable finely divided crystal ice could
find the application in a broad spectrum of tasks. The heat interchanger ejector could be applying to a
refrigeration of meat stock heaps.

Application of systems with the screen on the basis of an ejector of a heat exchanger allowed leading
scrubbing action of flue gases, almost completely to save a flow of flue gases, from pollutants of bunch of
carcinogenic agents. Such necessity originated in view of passage to low-quality combustibles, and high
percent of ejections at the moment of unstable states of operation of boiler plants.

In the modern industry it is necessary to bolster comfortable air temperature on a work place. There
were many various methods of keeping up of air temperature (a positive-pressure ventilation, conditioning
and refrigeration). However all these methods were feebly effective on work places with a heat. It is
necessary to apply zonal refrigeration of air of a band in which one the worker is. In the core the directional
air flow, blast a work place.
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The solution of this problem is possible with application of installation with an ejector - a heat
interchanger. Refrigeration of air are carried out at the expense of injection of finely divided water droplets
in the distill air flow in an ejector - a heat exchanger.
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Hentpanebiii yuactok BAM Hanennwiii — Xanu obcmyxkuBaercst HoBouapckoil qucraHimed mytu
Boctouno-Cubupckoii xeneznoii noporu. [lepecekaer ¢ 3anana Ha BOcTOK Yapckyro KOTJIIOBHHY U XPeOTHI
Komap (tonmenem mmuHo#t 1,98 kM) m Ymokad. [loBcemMecTHO pa3BUTBI MHOTOJIETHEMEP3IBIE TOPOBI
(MMII), HepeAKO cojepXKallue CerperalMoHHbIN, WHBEKIHMOHHBIM, MOTPeOCHHBI W IOJMTOHAIBHO-
XKUIBHBIN Jeq. Taluku npuypoueHsl K pyciiaM peK M JHHIIAM TIyOOKHX 03ep, a TAKKe MeCTaM pa3rpy3Ku
MTOJI3EMHBIX BOJI TITyOOKOH ITUPKYIISIIHH.

DKcIuTyaTaiuoHHas (3KCILL.) JUIMHA XK.J. yTH cocTaBiseT 217,886 kM, 3emisiHoro mootHa — 210,352
kM. [lo pmamseiM Ha 01.01.2016 1. Ha ywactke mmeercs 140 MecT ¢ KOHCTPYKTUBHBIMH jAedekramu
npoTsbKeHHOCThIO 4,77 kM (2,27% 0T sKCIl. JIMHBL y4acTka) U 142 mect ¢ gedopManmsaMu 3eMISTHOIO
nonotHa (JI311) mpoTspkerHOCTRIO 57,38 KM (27,28% OT 3KCIUL. JUIMHBI yYacTKa).

KoHcTpyKkTHBHBIE TEQEKTHI 3eMIISTHOTO TTOJIOTHA C HAPYIIEHUSIMHU KPYTU3HBI OTKOCOB 7 MecT - 0,27 kM
(5,66% ot nedexToB), mupuHbI 110 Bepxy 133 mect - 4,50 kM (94,34% ot nedexron). [l BocCcTaHOBICHUS
OuYepTaHUi 3eMJISTHOTO ITOJIOTHA TPeOyeMbIil 00heM TOCHITIKM CKaJbHOTO TpyHTa — 28667 M>, B T.4. B MecTax
C HapylIeHUSMH, KPYTU3HBI 0TKOcoB 1650 M (5,76% ot nedexToB), mmpunsl o Bepxy 27017 m* (94,24%
ot nedektoB). [ledekTsl ¢ HApYIICHUSIMH IIUPUHBI TIO BEPXy pa3BUTHI B BeieMKax 12 it - 0,364 kM (8,09%
OT 3ayXeHHbIX 0004rH) W Ha Hachmsax 121 mr — 4,136 xm (91,91% ot 3ayxeHHbIX 0004mH). Bcero ¢
nedexramu u aeopmanusaMu 282 Mecta MPOTHKEHHOCThIO 62,15 kM (29,55% 0T 3KCIUI. ITUHBI yYacTKa), B
T.4. ocaaku 123 mecra - 46,66 kM (22,18% ot 3KcIuI. uyHHBI yuactka, 75,08% ot nedextoB u aedopmarmid,
81,32% ot nedopMaruii 3eMIITHOTO MOJIOTHA).

3a mepuog ¢ 2005 mo 2015 rr. KonuvecTBO OOJIBHBIX MecT yBenuuuiock B 1,42 pasa, cymmapHas
npoTsbKeHHOCTh — B 2,11 pa3a. JledopMaTHBHOCTH 3eMIISTHOTO TMOJIOTHA BO3pOCIia B OCHOBHOM BCIIEJICTBHE
JeTpaiallid MHOTOJIETHEMEP3JIBIX TIOPOoJI B ero ocHoBaHuM. Tak, ecnn Ha 1.01.2005 1. 6pu10 80 Takmx MecT
obmieit mpoTsbkeHHOCTRIO 16,14 kM, 1O Ha 01.01.2016 1. HacuwThBaioch yke 123 mecta oOmei
MPOTSKEHHOCTBIO 46,66 kM (81,32% ot Beero konuuectBa J3I1). 3a 11 yneT KOIMUECTBO TaKUX OOJIBHBIX
MECT 3eMJISTHOTO TIOJIOTHA YBETUYIIIOCH B 1,54 pasa, a X MpOTSHKEHHOCTH — B 2,89 pas.

VYcraHoBieHHasi CKOPOCTh ABMKEHUS Moe30B B mpeaenax Hosouapckoil nucranuuu myta BCKI —
60-100 xkm/gac. OgHako Ha ydacTKax JedopMaluil 3eMIISIHOTO TOJOTHAa C OCaiKaMHU IIyTH CKOPOCTb
IBWOKCHHUS YacTo orpaHuuuBaercs 10 40 kM/gac wHOrma g0 25 Km/4ac, 4To TpeOyeT HMpPHMEHEHUS
JIOTIOJTHUTENIBHBIX KOMITEHCAITMOHHBIX MEPOTIPUATHH Ui o0ecrieueHus] 0€30IacCHOCTH JABMXKEHHUS TIOE3/I0B C
YCTaHOBJICHHBIMU CKOPOCTSIMH, 3aTpaThl Ha KOTOPBIE C KaXAbIM TOIOM Bo3pacTtaioT. s oOecredeHus
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