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The developed mathematical model of transient modes of one- and two-cylinder HCU allows
to calculate and estimate parameters of mechanical characteristics of designed electric motors from
operating conditions and design features of HCU. The calculated starting characteristics for HCU
with 400 Hz power supply are presented.
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Abstract. Special studies have been carried out that evaluate the electrical losses of hermetic
compressor units for marine air conditioning. Experiments were carried out in a certain sequence.
The electrical losses of the hermetic compressor units (HCU) were estimated from the efficiency of
the built-in electric motors of the high-speed compressors. It has been experimentally established that
the efficiency of built-in electric motors of the high-speed (shaft rotation frequency 50 rps and more)
HCU of ship air conditioning equipment, operating in the power range of 0,7 ... 1,2 nominal,
practically coincide with the test results of these electric motors under uniform electromagnetic load,
brake, in contrast to the built-in HCU motors of the same performance, but with a shaft rotation of 25
ps, in which the efficiency is reduced.
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Introduction. The main characteristics of the hermetic compressor unit (HCU) largely depend
on the built-in electric motor. In turn, the indicators of the built-in electric motor significantly depend
on the characteristics HCU, with which it has a common shaft, housing and casing. Majority HCU —
these are one- and two-cylinder machines, characterized by a significant uneven change in load
(opposing moment). At HCU with shaft rotation frequency 25 rps this causes a large ripple in the
built-in motor torque, which leads to a decrease in its efficiency and therefore worsens energy
performance HCU.
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Aim. With an increase in shaft rotation frequency HCU ¢ 25 1o 50 rps the moment of inertia
of'an HCU with the same performance is reduced by about 1,3 times. However, given that the kinetic
energy of the rotating masses increases fourfold, as a result, its reserve increases more than threefold.
In this case, a reduction in the torque fluctuation of the electric motor should be expected, which
should affect the efficiency of the electric motor. To assess this influence, special studies have been
carried out.

Main material. The experiments were carried out in the following sequence. Before being
incorporated into compressor units, electric motors were tested under uniform load with an
electromagnetic brake in accordance with the regulatory documents. At the same time, the power
consumption was determined Ne, consumed current /1, efficiency #em., torque Mem., mechanical
characteristics were built.

The electrical losses of the HCU were estimated from the efficiency of the built-in electric
motors of the compressors of the type FGV, having shaft rotation frequency n = 50 rps: Ne = 0,75
kWt (FGV -2,2); 2 — 1,5 kWt (FGV -4,5); 3 - 2,2 kWt (FGV -9,0); 4 — 4 kWt (FGV -14,0); 5-7,5
kWt (FGV -28,0); 6 — 5,5 kWt (KHGV -14,0, n = 67 rps).

The dependence of the efficiency of electric motors on the power consumption Ne is shown
in Fig. 1. Here Ne / Ne.nom — the ratio of the power consumed in this mode Ne to power Ne. nom,
consumed at nominal operating mode HCU (at# =5 °C, t. =40 °C).

The curves (see Fig. 1, b) indicate points a and b, characterizing the calculated power
consumption at the minimum (in mode # = —10 °C, # = 30 °C) and maximum (in mode # = 10 °C,
t= 50 °C) loads. The graphs show that in this interval the power changes by a factor of 1,5 or more.
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Fig. 1. Efficiency dependence of built-in electric motors ne.m. on power consumption Ne (@)
and its relation to rated power Ne/Nenom (b):

1 — Ne=0,75 kWt (FGV-2,2); 2 — 1,5 kWt (FGV -4,5); 3 — 2,2 kWt (FGV -9,0); 4 — 4 kWt
(FGV -14,0): 5 — 7,5 kWt (FGV -28,0); 6 — 5,5 kWt (KHGV -14,0)

As studies have shown, the most desirable type of characteristic of the built-in electric motor
in the working area (between points a and b) — it is a flat curve with a maximum #em. in the power

239



IHHOBAIIIT B CYJTHOBYJIYBAHHI TA OKEAHOTEXHIIII XIII MixxHapoHa HayKOBO-TE€XHIYHA KOH(EPEHIIis

range 0,7...0,9 nominal, where the cooling conditions for the electric motor are somewhat worse.
Most of the curves shown in the graph meet this condition.

After testing under uniform load (electromagnetic brake), the electric motors were assembled
with the compressors into a single unit, built into hermetically sealed casings and tested on a
calorimetric stand, and on three units (FGV -2,2; FGV -14 and KHGV -14) carried out indexing and
determined the efficiency of the built-in electric motor #e.m..

In Fig. 2 the dependence of the #em. of the tested HCUs on their operating mode is presented
(relations pdis/psuc). The test results of electric motors as part of the compressor unit were compared
with the experimental data at uniform load (Fig. 3). The figure shows that the efficiency of the built-
in electric motors #e.m. in the working range of relations Ne/Nenom 0,7...1,2 practically coincide with
the test data of electric motors under uniform load.
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Fig. 2. Dependence of the efficiency of the electric motor # ¢... from the operating mode
(relations pdis/psuc) compressor units:

1 -FGV -2,2;2-FGV -14,0; 3 - KHGV -14,0; A,A—%=30°C;®,0 -1t =40°C; m,0-
te=50°C
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Fig. 3. Dependence of efficiency of electric motors #e.m. from the ratio of power
consumption to nominal Ne/Nenom compressor units:

1 -FGV -2,2;2—-FGV -14,0; 3 — KHGYV -14,0; solid line - constant load tests;

A | A — tests as part of a compressor unit at ze = 30 °C; @, o — the same for 7 =40 °C; m, 0 —
the same for t. = 50 °C

Conclusions. It has been experimentally established that the efficiency of built-in high-speed
electric motors (shaft rotation frequency 50 rps and more) HCU ship air conditioning equipment,
operating in the power range of 0,7 ... 1,2 nominal, practically coincide with the test results of these
electric motors under uniform electromagnetic load, brake, in contrast to the built-in HCU motors of
the same performance, but with a shaft rotation of 25 rps, in which the efficiency is reduced.
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AHoTanis. PecopOuiitai TepmoTpanchopMaTopu, MO MPAIIOIOTh HA PO3YMHAX 31 3MIHHOIO
TEMIIEPaTypoI0 B armaparax MOXXYTh 3HaYHO MiJIBUIIMTH TEPMOJUHAMIYHY €(PEKTHBHICTH MPOIIECIB
OXOJIO/PKEHHSI HAOMIDKEHHSM LHKIY 10 TPUKYTHOTO. 3MEHIIEHHS CTUCKY Mapu J1a€ MOXKIUBICTH
BUKOPUCTaHHSA BHUCOKOE(EKTUBHUX TypOokomriipecopiB abo teruia BEP HeBucokoi temmepatypw.
JlJis MpakTUYHOTO 3aCTOCYBAHHS OCHOBHOIO MPOOJEMOI0 € MOCSATHEHHS €KBIIMCTAHTHOCTI 3MIHH
TEMIIEpaTyp MiX MOTOKAMH B MPOIECAX TEIUIOOOMIHY.

KurouoBi caoBa: pecopOuiiiHuii TepMoTpanchopMaTop, OXOJOKEHHs, TPUKYTHUN ITHKI,
CTYITiHb, €KBIIUCTAHTHICTH 3MiHU TEMIIEpaTyp.

PecopOiiina cTymiHb, B sIKili KOHJEHCATOP 1 BUMIAPHUK 3aMiHEHO BiJMOBIIHO Ha pecopoep i
nerasarop, Brepiie Oyna 3amporoHoBaHa B 1913 pomi O3eHOpIOKOM AJisi 3MEHIICHHS THCKY B
aMiayHId XOJIOAWIBHIN MaIlIMHI 3 MeXaHIYHUM KommpecopoM [1, ¢.157]. Pa3om 3 kommpecopom 1is
CTYIiHb YTBOPIOE TEPMOTPAHCPOPMATOP, SIKHI OTPUMYE TPH JIera3aiii TETIo X0JI0JHOTo JKepena i
Biflae Horo mpu pecopOrii 3 BHIOK TEMIEPATYpPOI OXOJIOUKYIOUOi BOJI, HANPHKIAM, IS
OTAJICHHS. AJBTEHKIPX 3aMiHMB MEXaHIYHHUN KOMIPECOp «TEPMOXIMIUHUMY, KU BHKOPHUCTOBYE
TEIJIOBY eHeprito [2, ¢. 135].

Maprunoscekuit B.C. i [lnaiin .M. noenu, mio TpukyTHUN 1k JIopeHIa 01HOI0 YMOBOIO
SKOTO € 3MIHHa TeMIlepaTypa OXOJOKYIOYOro poOOUYOro Tila BiJ HU3BKOI O HABKOJIHUIIIHBOTO
CepesioBHINa, a IPYTOo - TIOCTIHA MPH BiJIBEJICHHI TEIJIa B HABKOJIMIIIHE CepeOBUINE 30UIbITYIOTh
Koe(iIlieHT TIEPEeTBOPEHHS B JABa pa3u MOpiBHAHO 3 mukiaoMm Kapuo [3, c.12-17]. Cxema x
pecopobmiitHoi ctyneni O3eHOproKa MicThIa TETIOOOMIHHUK MIITHOTO 1 CIa0KOTO PO3UYHHIB, TOMY
IHTEpBaJ TEMIIEPATYP OXOJIOHKYIOUOT0 PO3YMHY B Jiera3atopi OyB 0OMeKeHUH.

PecopOuiiina crynenp 6e3 Tem1o0OMiHHUKA PO3YHHIB JI03BOJISIE TIOBHICTIO BUKOHATH TIEPIILY
yMoBY. J1J11 BUKOHaHHSI APYTO1 yMOBH, TOOTO 3MEHILIEHHS IHTEpBaIly TEMIEPATyp BiABEIEHOTO TEIlIa
1 301IbILICHHS TAKUM YHHOM TEPMOJUHAMIYHOI €()eKTUBHOCTI IMKITY (HAOIMKEHHSM /IO TPUKYTHOTO)
3ampOIIOHOBAHO TICHS pecopOepa, TEIUIO BiA SIKOTO BiABOJHWTHCS B HABKOJMIIHE CEPEIIOBHUIIIE,
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