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Abstract. The results of research gas dynamical performances of valving knots and gas ducts of high-turning hermetic
compressors of marine air conditions were presented. The numerical values of resistance coefficients of valving knots
and ducts, the values of gas velocities in it and dependence this performances from operating condition of compressor
were conducted.

Purpose. Investigation of the gas-dynamic characteristics in the suction and discharge valve assemblies and
in the corresponding gas-flow passages of high-turning reciprocating freon compressors is of particular importance
for identifying ways to reduce energy losses.

Method. The gas-dynamic characteristics were investigated by simulating the working medium: instead of refrigerant,
the valve assemblies and channels were blown through with compressed air. The modelling was approximate because
the adiabatic exponents of air and the refrigerant are not identical. During testing, the gas-flow regime was maintained
according to the Reynolds criterion Re,, referred to the cylinder cross-sectional area; that is, the cylinder diameter d,
was taken as the determining dimension, since for a given design the geometrical ratios in the valve assembly depend
only on the cylinder diameter.

The suction path of the compressor under study included the channels between the rotor and stator of the electric motor
and the longitudinal grooves used for welding the stator stack; the channel in the crankcase block leading to the suction
cavity of the cylinder head; the ports in the valve plate; and the suction valve. The space between the compressor casing
and the compressor itself was not considered because losses in this part of the suction path are small.

The discharge path of the compressor consisted of the channels in the valve plate; the discharge valve with its buffer
plate and lift limiter; the discharge cavity of the cylinder head, connected by a short pipe to the receiver; the receiver,
which served as the compressor muffler; and the discharge tube up to the outlet connection.

Such configurations of the suction and discharge paths are typical of most marine hermetic compressors.

Results. The experimental results showed that, for the considered class of high-speed compressors, the value of ,
for annular valves lies within the range 2.4—4.2, which is approximately 1.5-2 times higher than the values recommended
in the literature for annular valves of reciprocating refrigeration compressors.

Asaresult of the tests carried out with air and with refrigerant, the values of the resistance coefficient {, for the compressor
gas passages were obtained: 3.6 for the discharge path and 4.5 for the suction path

Scientific novelty. Using the obtained values of {, and the recommended gas velocities in passage elements, the cross-
sections of the discharge tube and the suction ports in the valve plate were calculated. The calculation showed that the
cross-section of the flow channels in the electric motor was reduced and that the resistance of the suction path increased.
The flow cross-sections of the channels in the electric motor can be increased by 15-20 %, and, as a consequence,
compressor power consumption can be reduced by approximately 2 %, by widening the grooves used for welding the
stator stack.
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Practical importance. The study results were used in the development and refinement of new hermetic compressors
with shaft rotational speeds of 50 s and 66.7 s™' for marine air conditioners.
Key words: hermetic compressor; gas dynamical performances; duct; valving knots.

AHotanis. HaBeneHo pe3ynsTaTs 10CIiKeHb ra30ANHAMIYHIX XapaKTePUCTHK KIATaHHNUX BY3JIiB Ta Ta30BUX TPAKTIB
BHCOKOOOOPOTHUX TE€PMETHIHUX KOMITPECOPIB CYIHOBHX KOHAWIIOHEpiB. HaBeneHo 4ncioBi 3HaueHHA KOe(imieHTIB
OIOpY KJIAMaHHKX BY3JIiB Ta TPAKTIB, BEIMYMHH ILIBUIKOCTEH ra3y B HUX Ta 3aJISKHICTh [IUX XapaKTEPUCTHK BiJl PeXkKHU-
My pOOOTH KOMIIpecopa.

Mema. Jlocni/pkeHHs ra30JUHAMIYHUX XapaKTEPUCTHK Y BCMOKTYBaJIbHOMY Ta HarHITAILHOMY KIIATAaHHUX By3Jax Ta
BiJIOBITHUX Ta30BHX TPAKTaX CyTHOBHX BUCOKOOOOPOTHHUX MOPITHEBUX (PPEOHOBHUX KOMIIPECOPIB 3 METOIO BiIIyKaH-
HS IIUTSX1B 3MEHIIIEHHST BTPAT SHEePrii.

Memoouka. I'a3omuHaMI4HI XapaKTEPUCTUKU JOCTIHKYBAIH IMIITXOM MOACTIOBAHHS POOOYOT0 CEPEeIOBHUINA: 3aMiCTh
XJIQJIOHY KJIAITaHHI BY3JM Ta KaHAJIM MPOAYBaId CTUCHEHUM MOBITpIM. MonemoBaHHs Oyo HaONMMKEHUM, OCKITIBKI
TTOKAa3HHUKH a/11a0aTH MOBITPs Ta XJIaZOoHy He ogHakoBi. [Ipyu BUnpoOyBaHHAX BUTPHMYBAJIN PEKUM Tedii rasy 3a Kpu-
Tepiem Peiinonbiaca Re,, BineceHoMy 110 muiowi nepepisy UMIIHAPA. 33 BU3HAYAIBHUN PO3MIp NpuiiMann aiameTp
HUIIiHApa d,, OCKIIBKY FeOMETPUYHI CHIBBiIHOLIEHHS KJIAMAHHOMY By3JIi P OJHAKOBIH KOHCTPYKLIT 3aJ1e5KaTh Tillb-
KM BiJI AiameTpa IMuIiHApa.

JocunimKeHnii BCMOKTYIOUHH TPaKT KOMIIPEcopa BKIFOYAB: KaHaJIM MK POTOPOM Ta CTaTOPOM €JIEKTPOJBHIYHA Ta
TTO3/IOBYKHI TTa3H ITi]] 3BapIOBAHHS ITAKeTa CTaTOPa; KaHaN y OJIOK-KapTepi, 110 Bee Y BCMOKTYBaJIbHY TIOPOKHIHY TOJI0-
BKH IIWJIIH/IPA, BIKHA B KJIAMIaHHINA JTOIII Ta BCMOKTYBAJIBHUH KiamaH. [IpocTip MK KOXKyXOM KOMIIpecopa i caMuM
KOMIIPECOPOM HE PO3MIIAIANHN Yyepe3 HeOararo BTPAT y Lilf YaCTHHI TPAKTY, IO BCMOKTYE.

HarnuitansHuil TpakT KoMIIpecopa CKIagaBcs 3 KaHAJIB y KJIAMaHHIM JOMII, HarHITATBHOTO KiamaHa 3 OydepHoro
TUTACTHHKOIO 1 00MeKyBadeM ITi oMY, HarHiTaJIbHOI IIOPOYKHIHHU TOIOBKH LIIITIHAPA, 3’ €JHAHOT KOPOTKHM TaTpyOKOM
3 peCHBEpOM, pecrBepa (CIy’KUB TIIyITHAKOM KOMIIpecopa) i TpyOKH HarHITaIbHOI IO BUXITHOTO MaTpyoka.

Taki cxeMH BCMOKTYBaJIbHOTO Ta HATHITaJIBHOTO TPAKTIB IPUTAMaHHI OLTBIIOCTI CYTHOBUX TE€PMETHIHHUX KOMITPECOPIB.
Peszynomamu. Pe3ynbsrati 0CIIIIB MOKA3aJH, IO IS PO3MNISIHYTOTO KJIACY BUCOKOOOOPOTHUX KOMIPECOPIB 3HAYCHHS
KUTBIICBHX KJIAaNaHiB 3HAXOAUTHCS B iHTepBai 2,4...4,2, mo npuOau3Ho B 1,5...2 pa3u nepeBuIye 1aHi, peKOMEHJ0BaH1
JITepaTyporo KiTbIIEBUX KJIANaHIB MOPITHEBUX XOJIOMMIBHUX KOMIIPECOPIB.

B pesynbrari npoBeneHnx BUIpoOyBaHb Ha MOBITPi Ta XOJIOA0AreHTi OTpUMaHi 3Ha4YeHHS KoediIlienTa omnopy &, ra3o-
BHX TPAKTiB KOMIIPECOPA, TOPIBHIOIOTH I HATHITAJIBLHOTO TPAKTy — 3,6 Ta TSI BCMOKTYBaHHS — 4,5.

Haykosa nosusna. 3a oTpuMaHuMi 3HaUCHHSIMH &, Ta PEKOMEHIOBAaHUMH IIBUIKOCTSIMH a3y B €JIEMEHTaX TPaKTy
Oynu po3paxoBaHi Mepepizn HarHiTadbHOI TPYOKH Ta BCMOKTYBAJIBHHX BIKOH y KJIamaHHINA gomi. B pe3ymsraTi 3MeH-
IIUBCA TIepepi3 MPOXiAHUX KaHAJIB B €JICKTPOABUTYHI Ta MiIBHIUBCS OMip BCMOKTYIOUOTO TPAKTy. 301IBIINTH MPO-
XiIHI TIepepi3n KaHaJiB B eNeKTpoABUryHi Ha 15-20 % (i sk HacHigOK, 3HU3UTH CIOKUBAHY MOTY>KHICTh KOMITpecopa
puOIU3HO Ha 2 %) MOYKHA [IUTSIXOM PO3IIUPEHHS Ma3iB i 3BapIOBaHH MTAKeTa CTaTopa.

Ipaxmuuna 3nauumicms. Pe3ynsrati MOCHTIPKEHb BUKOPHCTAHI IIPH CTBOPEHHI Ta JOBEICHHI HOBHX TFEPMETHYHUX
KOMITPECOPIB i3 yacToToro obepranust Baay 50 ¢! ta 66,7 ¢! [uist CyTHOBHUX KOHIHITIOHEPIB.

Ku11040Bi ci10Ba: repMeTHYHUI KOMIIpEcop; ra30AMHAMIYHI XapaKTePUCTUKH; TPAKT; KIIaaHHI BY3ITH.

FORMULATION OF THE PROBLEM

The experimental study was carried outona KKhGV-14
(KXTI'B-14) hermetic compressor designed for marine self-
contained air conditioners [2]; for this compressor, losses
in the valves and channels are the highest.

The compressor is a two-cylinder unit with
a cylinder diameter of 50 mm, a piston stroke of 24 mm,
arefrigeration capacity of 17 kW under nominal operating
conditions, and a rotational speed of 66.7 s at a power-
supply frequency of 400 Hz.

The suction valves are annular valves with two support
projections for the lift limiter. The discharge valves are also
annular and are equipped with annular buffer plates of special
configuration and a lift limiter. The valve plate contains
anumber of suction and discharge channels arranged around
the circumference. The plate lift of the discharge valve is
1 mm, and that of the suction valve is 1.6 mm.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

Energy losses caused by hydraulic resistance in
the suction and discharge valve assemblies and in
the corresponding gas-flow passages of high-speed
reciprocating Freon compressors used in marine air-
conditioning systems amount to 19-22 % of the energy
consumed by the compressor electric motor [1, 4]. The
greatest losses are due to resistance in the discharge and
suction gas passages (up to 53 %).

Accordingly, investigation of the gas-dynamic
characteristics of these compressor components is of
particular importance for identifying ways to reduce
energy losses.

PURPOSE OF THE STUDY

Investigation of the gas-dynamic characteristics
in the suction and discharge valve assemblies and in
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the corresponding gas-flow passages of high-turning
reciprocating freon compressors is of particular
importance for identifying ways to reduce energy losses.

MAIN MATERIAL

The gas-dynamic characteristics were investigated by
simulating the working medium: instead of refrigerant,
the valve assemblies and channels were blown through
with compressed air. The modelling was approximate
because the adiabatic exponents of air and the refrigerant
are not identical. During testing, the gas-flow regime
was maintained according to the Reynolds criterion
Re,, referred to the cylinder cross-sectional area; that is,
the cylinder diameter d. was taken as the determining
dimension, since for a given design the geometrical
ratios in the valve assembly depend only on the cylinder
diameter.

The value of the resistance coefficient { depends on
the reference velocity and, consequently, on the cross-
section to which it is referred. In the experiments, it was
determined for the minimum cross-section of the assembly
under investigation (the valve slit, the discharge tube, the
suction ports in the valve plate, etc.). The value of £ for
another, i-th, cross-section was generally recalculated,
with gas density p varying along the flow, by the formula

Ci=Clp,/ p)(Fi/F,),

where F, and F, are, respectively, the areas of the i-th
cross-section and of the assembly, and p; and p, are,
respectively, the gas densities in the i-th cross-section and
in the assembly.

The following quantity was used as the gas-flow
velocity criterion in the valve:

M,=o,/o,

where o, is the gas velocity in the valve, m/s, and o, is the
speed of sound in the gas, m/s.

Since the flow in the valves is subcritical under full-
scale operating conditions, the condition P,/P, > 0.528
was maintained in the model air-flow regimes. Here P,
and P, are the air pressures upstream and downstream of
the assembly under investigation.

The suction path of the compressor under study
included the channels between the rotor and stator of
the electric motor and the longitudinal grooves used for
welding the stator stack; the channel in the crankcase
block leading to the suction cavity of the cylinder head;
the ports in the valve plate; and the suction valve. The
space between the compressor casing and the compressor
itself was not considered because losses in this part of the
suction path are small.

The discharge path of the compressor consisted of the
channels in the valve plate; the discharge valve with its
buffer plate and lift limiter; the discharge cavity of the
cylinder head, connected by a short pipe to the receiver;
the receiver, which served as the compressor muffler; and
the discharge tube up to the outlet connection.
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Such configurations of the suction and discharge
paths are typical of most marine hermetic compressors.

The tests were carried out in the following sequence:
first, the valve assembly and its individual elements
were blown through with air; next, the suction and
discharge gas-flow passages were tested separately. The
air blow-through data were compared with the results of
compressor tests (indicator measurements) performed
with refrigerant.

The experimental results showed that, for the
considered class of high-speed compressors, the value of
¢, for annular valves lies within the range 2.4-4.2, which
is approximately 1.5-2 times higher than the values
recommended in the literature [5] for annular valves of
reciprocating refrigeration compressors.

Investigation of the assembled discharge-valve
components made it possible to evaluate the influence
of the buffer plate on its gas-dynamic characteristics. It
was established that, when the buffer plate is present, the
value of {, increases by nearly 50 %.

The question naturally arises of improving valve
characteristics. However, it appears that the characteristics
of the discharge valve cannot be improved. As our
experiments have shown [2, 4], increasing the valve-
plate lift in the range of 1.4-1.7 mm led to its rapid
failure during compressor operation, while reducing the
stiffness of the buffer plate caused delayed valve closure
at a condensing temperature of 50 °C and a discharge-to-
suction pressure ratio P,/P, greater than 4.

The characteristics of the Tecumseh (USA) CL
compressor discharge valve that we tested agree well
with the experimental data obtained. The parameters of
this compressor are close to those of the KHGV-14: its
refrigeration capacity is approximately 14 kW at a power-
supply frequency of 60 Hz, d_ =45.4 mm, discharge-valve
lift is 1.2 mm, and suction-valve lift is 2 mm. The value
of ¢, for the CL compressor suction valve is somewhat
lower (by approximately 8 %), mainly due to the better
design of the flow-through part of the channels in the
valve plate.

A comparison of the experimental results with the
data obtained from operation of the valves as part of a
Freon compressor (Fig. 1) showed satisfactory agreement;
the scatter of individual points did not exceed 15-20 %.
On this basis it was concluded that, for quantitative
and qualitative assessment of the gas-dynamic quality
of valves and gas passages in high-speed hermetic
compressors, these components can be tested with air. As
a result, the experiment is substantially simplified and,
consequently, so is the compressor development process.

Based on the compressor tests with refrigerant, the
gas-dynamic characteristics of the valve assemblies
and gas-flow passages were determined as functions of
compressor operating mode.

Figure 2 presents the dependences of £ for the suction
and discharge valve assemblies and of the average velocities
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Fig. 1. Gas-dynamic characteristics of the compressor’s valve
assembly (1) and gas tract (2) on the discharge line (a)
and suction line (b): solid line — air blowing; dots — operation

of the compressor on refrigerant
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in the valves, referred to the valve slit, on the compressor
operating mode, i.e., on the pressure ratio P,/P,.

It was established (see Fig. 2, a) that, as P,/P, increased
from 2.5 to 5.5, the value of ¢, for the discharge valve
assembly increased from 5.5 to 10.2, while that for the suction
assembly increased from 4 to 8.5. This can be explained by
a decrease in the equivalent valve cross-section as P,/P,
increases and by a decrease in the valve flow coefficient.

The average velocities in the valves (see Fig. 2, b)
changed only slightly with compressor operating
mode. For both suction and discharge valves, as P,/P,
increased, the average velocity rose approximately from
70 to 78 m/s. In this case, M, did not exceed 0.4. The
maximum gas velocity in the valves, at the moment of
their opening, reached 106-110 m/s, and M, was 0.6. It
should be noted that the obtained average valve velocities
and, accordingly, M, were approximately 1.5-2 times
higher than the recommended values [5]. In our opinion,
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Fig. 2. Dependence of the compressor’s valve assembly
resistance coefficient {, (a) and the average velocity

in the valve w, (b) on the pressure ratio P,/P, (A —t.=30 °C;
0—t=40°C;o0-1,=50°C)

this situation is characteristic of the class of high-speed
compressors considered here.

As a result of the tests carried out with air and with
refrigerant, the values of the resistance coefficient C, for
the compressor gas passages were obtained: 3.6 for the
discharge path and 4.5 for the suction path (see Fig. 1).

These values indicate high gas velocities in the passages.
For example, the average velocity in the discharge tube,
from the receiver to the outlet connection, under nominal
compressor operation reached nearly 60 m/s. This led to
unjustified losses: the pressure drop over this section was
about 0.1 MPa, and the compressor power consumption
increased by approximately 6—7 %. A similar situation was
also observed in the compressor suction path.

Since it is practically impossible to substantially
reduce C, of the gas-flow passages with the existing
compressor design, the only way to reduce losses is
to increase the flow cross-sections of the gas-passage
components that cause the largest losses.

Using the obtained values of {, and the recommended
gas velocities in passage elements, the cross-sections
of the discharge tube and the suction ports in the valve
plate were calculated. The calculation showed that the
cross-section of the flow channels in the electric motor
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was reduced and that the resistance of the suction path
increased. The flow cross-sections of the channels in the
electric motor can be increased by 15-20 %, and, as a
consequence, compressor power consumption can be
reduced by approximately 2 %, by widening the grooves
used for welding the stator stack.

CONCLUSIONS

Tests of the compressor with an enlarged discharge-
tube cross-section, its internal diameter having been
increased from 10 to 14 mm, showed that power
consumption was reduced by a further 0.35 kW, i.e., by
more than 6 %. No pressure pulsations were observed
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downstream of the discharge connection, and the noise
level remained unchanged.

To assess the influence of reducing the discharge-valve
plate lift on compressor performance, the compressor
was tested with a plate lift of 0.9 mm; a 0.5 mm plate
was installed instead of the standard 0.4 mm shut-off
plate. It was found that the compressor refrigeration
capacity remained practically unchanged, while power
consumption increased by less than 2 %.

The study results were used in the development
and refinement of new hermetic compressors with shaft
rotational speeds of 50 s and 66.7 s™' for marine air
conditioners.
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