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SOME APPROACHES TOWARDS A HIGH EFFICIENT ROTARY COMPRESSOR

Keiju Sakaino

Shigeru Muramatsu
Shigeru Shida
Okinobu Ohinata
Shizuoka Works, Mitsubiehi Electrio Corporation
Shizuoka-shi, JAPAN

ABSTRACT

The paper refers to some approaches towards the
realization of a rolling piston type hermetic
compressor with high efficiency for a room air
conditioner and an unitary air conditioner.

There are meveral loes factors which affect a ro-
tary compressor. Particularly in thie paper, the
losses which are caused in the cylinder of the
rotary compressor have been investigated, experi-
mentally in the main.

As a result, volumetric efficiency and compre—
ssion efficiency have been greatly improved, and
a high efficient rotary compressor has been
realized.

TNTRODUCT ION

A rolling piston type rotary compressor, which
has remarkable features that are small size,
light weight and high efficiency, has been used
widely for a room air conditioner answering the
request of the society, that is energy saving, in
these days.

So geveral kinds of approaches were studied for
offering a rotary compressor with high efficiency.
Some reports ‘8f performance analysis for a roll-
ing piston type rotary comprefgor were presented
up to today. The factors of losses that cause the
reduction of efficiency were analyzed experimen—
tally or theoretically, and those are going to be
almost clear.

But all these were the studies of a rotary comp-—
ressor with small ocapacity for a small scale air
conditioner, and that of a rotary compressor with
relatively large capacity ( for example 42,000
BTU class ) has not yet been reported.

This paper deals with analysis and improvement of
efficiency for a rolling piston type rotary comp-
ressor with large capacity ( 42,000 BTU olass )
by experiment and theory. We have analyzed losses
on the bagis of the P-V diagram obtained by the
measurements of cylinder pressure and evaluated
each efficiency of the compressor.

Authers have developed and introduced the dis-
charge valve device of new type, which is a
round valve, in a rotary compressor to obtain
higher compression efficiency.

It is reported in the present paper that compre—
ssion efficiency has been improved greatly

. comparing with a flat valve of old type.

Furthermore some approaches towards higher effi-
ciency were studied. These are the reduction of
discharge and suction passage losges.

Ag a result of this study, compression efficiency
has increased from 69% to 86% comparing with a
flat valve of common type.

Volumetric efficiency has been also improved and
reached 98% as an additional effect.

EXPERIMENTAL APPARATUS AND METHOD

Fig. 1 shows a front cross sectional view of a
test compressor used for the experiments.

The test compressor was a rolling piston typs
rotary compressor of nominal output 42,000 BTU,
Table 1 shows the main specifications of the test
compresgor.

The measurements of pressure in the cylinder and

suction inlet were performed with small riezo
type pressure transducers and a strain gage type
Pressure trangducer. The temperatures of refrige-
rant gas and oil were measured with thermocouples.
A signal of crank angle was picked up and the
motion of a crankshaft in the bearing was measur—
ed with gap sensors. Gas flow rate and consump-
tion power were measured by a secondary refrige-
rant compressor calorimeter.

Table 2 shows operating conditions ASHRAR "M of
compressor.,

Table 1 Main Specifications of Test'Gompressor

Power Source 200 V - 50/60 Hz - 3 Phase

S8troke Volume 56.9 cc/rev (3.47 ocu.in/rev)

Nominal Output 42,000 BTU
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SUCTION Each of efficiency is defined in this paper as

SCHARGE -PIPE follows.
PIPE
3 Motor 7 - Motor output (1)
(—ng~—— efficiency m  Consumtion power
ﬁ? ! Mechanical _ Indicated work (2)
L § efficiency 7ne' Motor output
MOTOR. Compresgion 7] _ Theoretical adiabatic work
- efficiency e = Indicated work
ROTOR. . e | TP (3)
‘égﬁg," C Compressor efficiency 7cmn= 7m'7me' 7¢ (4)
NG: )
| | Volumetric 7 _ Actual gas flow (5)
CYLINDER eyl ol . efficiency v Theoretical gas flow
D | SUCTION
ILE Dy INLET These were obtained mainly by the experiments in
- thie paper. On the other hand, theoretical ana—
- ! lygis that estimated the improvement of effici-
4 32 . ency was studied too, compared with the results
%*é%ﬁ ER l?n— of the experiments and the applicability of it
BEARING /2 (Tessure Transducer was confirmed.
3 Gap Sensor

4. Thermocouple

Fig.1 Cross Sectional View Motor Efficiency

It was obtained by motor test and calorimeter

Table 2 Operating Conditions ( ASHRAE "o )

Power Source

200 V-~ 60 Hz

Condensing Temp.

54.4°C ( 130°TF )

7.2°C ( 45°F )

test.

Mechanical Loss

Total mechanical loes wag obtained by the follow-

ing equation. Bach of mechanical loss was theore-
tically analyzed.

Evaporating Temp.

L—me.=Lc'7m— Li =Lm-L¢ (6)

Indicated Work

Return Gas Temp. 35.0°C ( 95°'F )

Liquid Temp.

entering Txp. Valve 46.1°C ( 115°T )

It was calculated on the basis of the P-V diagram
( Pig.? ) obtained by the experiments.

LL=§P dv (1)

Theoretical Adiabatic Work

Ambient Temp. 35.0°¢ ( 95°F )

LOSS AND EFFICIENCY

Various losses are produced in the compressor.
Clapmgification of loss factors are shown in
Table 3.

It was calculated by the following equation.
_ Gadl g 1 { B AL

Overshooting Loss and Undershooting Loss

Y
LdEs"‘J (P-P)dV (9)
Vep

Table 3 Clasoificstion of Lons Factors

Copper .

[Motor Loas

loss |Iron loms
[Rolling piaton
bearing loas

Consumption Bearing loes Va 1
pover ’ ’.lil:::anicnl_ Tllrutalou L SUC=S ( PS - P)C{ V (10)
Vane tip loss Vet
Hotor Vane side loes Overshooting loss and undershooting loss were
output Adiabatic vork experimentally obtained using the above equations.

Overshooting Those were theoretically also analyzed by the
Yoas characteristic method for expectation of the

Indicated | Inderehooting improvement.
work
Reexpansion
lose Reexpansion Loss
Tleat loes . .
(ineluding Reexpansion loass im the noneffective work to com-—

L 1eakage loss) preas residual gas in clearance volume again.
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It was calculated by the following equations.
n n
AR = R{CV+ P )/(vs+va)} -R
Lvop = {5y (RGPS 1)+ R UMA- Lo (12)

(11)

‘Heat Loss

1leat loss is produced by heat iransfer and leak-
age in the process of both suction and compre-—
seion in the cylinder. It was experimentally
obtained by the following equation.

Ly =Li- (Lad+1—dis “'Lsuc+{_1or) (13)

g

Pressure{MPa}

=
je]

\f R

Vi Vi Volume VorVr
Fig.2 P-V Diagram Vi

EXPER IMEN TS

Comparison of a Round Valve with a I'lat Valve

The discharge valve widely applied for a compre-
ssor ie a flat valve. Fig. 3-1 shows a typical
construction of the discharge valve device with
a flat valve. There is usually one disoharge port
in thie construction.

The discharge port diameter will have to be ler—
ger to be used in a compressor with large capaci-
ty, which has much gas flow rate.

But it will sometimes be impossible structurally
to make a large discharge port corregponding to
capacity. Even if the discharge port could be
made large, clearance volume would increase as it.
Compression efficiency and volumetric efficiency
will decrease consequently. As valve thicknesa
inevitably increases to ensure the reliability,
overshooting loss due to valve delay increases.

Round Valve for Discharge

Authers have developed and introduced the dis—
charge valve device of new type, that is a round
valve, in a rolling piston type rotary compressor
instead of a flat valve.

Vaive
Stopper

Flat vaive

TPIT T ITTTIrT ‘\_
Discharge
Fort

ylinder
F1g.3-1 Construction of Flat Valve

Discharge Port
Cylinder

Fig.3-2 Constructicn of Round Valve

! “Round
S Discharge
Vaive

Discharge
porl

Fig.4 Schematic View
of Valve Setting

Fig. 3-2 shows a construction of the discharge
valve device with a round valve. Fig. 4 shows

how to be amsembled in the cylinder.

The features of a round valve are ag follows.

l. It is easy to make the discharge port area
wide withoul large clearance volume.

2. Overshooting loes reduces to make gas flow
smooth.

3. As a result of the above features, compression
efficiency and volumetric efficiency are
improved. .

The features mentioned above are more remarkable
under the conditions of much gas {low above all.

Results of Bxperiments

Fig. 5 shows the measured c¢ylinder pressure com—
paring a round valve with a flat valve. A large
difference between them is apparently found.

Each of efficiency was calculated using the equa-
tions (1)~(13) on the basis of the PV diagram
obtained by the measurements of oylinder pressure
and crank angle.
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Fig. 6 shows comparison of efficiency. Compre-
esion effiociency is improved as is evident from
FFig. 6 . Fig. 7 shows the ratio of losses to
congumption power of a flat valve in this measu-
rementa.

N
ol
T

Pressure {MPa)

o
o

T

v,
crank angle (rad.)
Fig.5 Measured Pressure

(1)
50 10

Motor 4 828
Efficlericy 834

Mecbankal Y777 7777777777 L%5]
Elliclency 62,2
Compression V7 7 7 7 7 7.7 77 76504

Etficlency 800 )|

C : a v
Conreseer V7 777 7775870 @lﬂ érud

5'° &
Fig.6 Comparison of Efficiency
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Fat  [Mo0r TindCad ' TLme Le
vave |'°%° Ly La . 100%
17.2% 66{718 | | 120 525%
/ s ’ y
Motor
Round ||oss (s Lad Le
Valve 2%
151% K9 E:!c " 4.“! 560

1
Lis ?_‘9 \Lwﬂ-x
£

Fig.7 Ratio of Loss

FRICTION LOSS ANALYSIS

Total mechanical logs was experimentally obtained
by the equation (6)., Each of mechanical loss
(friction logs) was theoretically analyzed, after
the equilibrium equations of forces shown in

Fig. 8 and Fig. 9 wers solved.

YLINDER

CRANKSHAFT
ROLLING

PISTON Flgg -Forces acting

on Vane
Fig.8 Schematic View

and Moment acting on
Roiling Piston

Logs at Vane Tip

Sliding velocity at vane tip and angular velocity
of rolling piston were obtained by solving nume~
rically the following equations®®

[pyp =Mc-tFe-My (14)
U = roop v ew, 2% (15)

Priction loes at vane tip wae obtained by the
following equation.

i
Ly =he| Fevdo (16)

Loss at Vane Side

Friction lose at vane side was obtained by the
following equation.

2N )
Lvs='§\ﬁj (Fn"‘Fz)xvde (17)

Losa at Bearing

Friction loss at bearing was obtained by solving

the basic equation for journal bearing of finite

lengtl under fluctuating load. The basic constru-
ction of journal bearing is shown 'in Fig. 10.

3 3P RTAY-
"é:%ab(haa“;) hiss 676»[‘4«5%—2}4”%5'"0*} (18)

+2éa594
where, Cr=h-1;, h=Cp(l+£cosfy)
= S =
£ ol U= ‘G‘*’J
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Jourmal ..
(Crankshaft)

|
|

L]

Fig.10 Model of Journal Bearing

Y -uy 2T € Czw i 9_‘: El ! -
T SN oot k)
(19)
A 27 .
Lo= 35| FUdB, (20)

Loss at Thrust

Friction loss at thrust bearing was calculated
congidering weight of crankshaft and rotor, axial
component of motor torque as load.

Results of Analysis

Sliding velocity at vane tip and angular velocity
of rolling piston are shown as the resulis of
computation in Fig. 11.

Fig. 12 shows friction lose at vane tip and vane
eide fluetvating to angular displacement, as the
ratio to theoretical adiabatic work.

Theoretical {otal mechanical loas agreed approxi-
mately with experimental total mechanical loss
obtained by the equation (6) as in Table 4.

Fig. 11 Sliding Velocity
and Angular Veloclty

1-50
y2 4

T 3
cra:jlk r:mgle(rau-'i‘;)’2
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Fig.12  Friction Loss at Vane
Table 4 Mechanical Loss
m ‘Experimental | Theoretical
Lme v
Log X100 (%) 10.5 9.6

IMPROVEMENT OF EFFICIENCY

Compression efficiency was much improved with the
round valve of new type as described before.

At next step, more improvement of efficiency was
investigated. The decrease of overshooting and
undershooting was expected theoretically at first,
and lastly confirmed experimentally.

Theoretioal Investigation

Theoretical investigations of overshooting and
undershooting were made by the characteristio

()} : . - .
method "assuming unsteady one-dimensional isentro-
pic flow.
Momentum equation is as follows.

-P%%—eru—g—g(— +2F =0 (21)

Equation combined the continuity equation and
the energy equation ig as follows.

P
x+at

20U

2P _

(22)

density of gas

velocity of gas

sound veloeity of gas

time

axis along discharge port or suction
inlet

where ,

L TS O T |



The characterigtic and compatibility equations
corresponding to the coupled partial differential
equations mentioned above are as follows.

(j—%){—'di& (23)

dR. * padu, =0 - (24)

Overshooting loss and undershooting loss were
computed by use of the equations mentioned above
following the means of improvement as described
bellow.

1. Digcharge port diameter was changed to improve
overshooting.

2. Buction inlet diameter was changed to improve
undershooting.

Resulte of Investigations for Improvement

The results of measured and computed overshooting
are shown in Fig. 13. It is seen from Fig. 13.
that the computed overshooting approximately
agrees with the measured.

Fig. 14 shows the measured and computed over=.
ghooting loss corresponding to the changed dia-
meter of discharge port as the ratio to theoreti-
cal adiabatic work.

Fig. 15 shows the measured and computed under-—
shooting loss corresponding to the changed dia—
meter of suction inlet as the ratio to theoreti-
cal adiabatic work.

The computed loss shows a similar tendency to the
measured. So theoretical investigations can be
congidered to be sufficient to estimate the
improvement of efficiency in advance.

As a result that the discharge port diameter and
the suction inlet diameter were increased, consu-
mption power decreased remarkably and each effi-
ciency was improved. Experimental resulte with
the improved specifications, which are the dis-
charge port diameter of 9 mm (0.354 in.) and

the suction inlet diameter of 19.8 mm (0.78 in.),
are shown in Fig. 16 and Iig. 17.

Fig. 16 shows the ratio of improved loss to con-
sumption power of a flat valve.

TFig. 17 shows each of improved efficiency.

320

Pressure (MPg)

8

N
ot

'] n
trank angle(rad)

Fig13 Computed Pressure

(°fe)
8 t
& 100} computed
R
W
w 50p
4 measured
0 80 80 (mm)
discharge port diameter
Fig.14 Overshooting Loss

*/o)

Loss/Lad xi00__
o
o
T

computed

B 200(mm)
suction inlet diameter

Fig.15 Undershooting Losg



L
3i9
Motor  LmLuis|" | Lo Lad Le
Flat loss iy 100%
Valve
17.2% k6|78| |120 525%
L L
Mator Lad Le
Improved| loss R U,
13.4% B7 N 554 "%
hY
31 13 45
Lag Love Lvop*Ly,
Fig.16 Ratio of Improved Loss
59 . 100
Molor '
Efficiency PN
Mechanical
Efficiency
Compression
Effictency
Compressor V' /' /7 [ /7 516/)
Efficiency |l o o, 665
vometric V77777 7 T T T 7T Tl ]
Efficlency [ 3 e T T L OB s ety
50 100
Flat valve
lmproved‘
EER. L AL pr"m?wm
) | T 109,
‘l'L_._ L i L A 1 1
8 9 10 "
Fig.17 Comparison of Efficiency
CONCLUSION

Some approaches towards a high efficient rotary

compressor of rolling piston type Tor a room air
conditioner and an unitary air conditioner were

studied in this paper.

Those are summarized as Tollows.

1. Efficiency of a rotary compressor with large
capacity ( 42,000 BTU class ) was analyzed,
and improvement of it was ptudied experimenta—
lly and theoretically.

2. A round valve of new type for discharge which
were developed and introduced in a rotary com—
pressor instead of a flat valve improved each
efficiency, compression efficiency above all.

3. Mechanical loes was theoretically analyzed,
and it relatively agreed with the measured.

4. Theoretical analyses of overshooting loss and
undershooting lose were carried out by the
characteristic method.

Those were sufficient to estimate improvement
of efficiency in advance.

5. As a result of decreasing overshooting and
undershoolting, compression efficiency was
improved to 86% in thig investigation,and
B.E.R reached 10.9 .

Improvement of motor was not investigated in this
paper.

At the end, we would spare no efforte to study

a higher efficient rotary compressor including
improvement of motor in succession for the future.

NOMENGLATURE

7m = motor efficiency

Mme= mechanical efficiency

Ne = compression efficiency
fwm= compressor efficiency

%, = volumetric efficiency

Le = consumption power

Ly = motor output

L{ = indicated work

Lad = theoretical adiabatic work

Lime= mechanical loss

Lgis = overshooting loss

Lsie= undershooting loes
Lwp= reexpansion loss
Ly = heat loss
Ga = actual gag flow
Gh = theoretical gas flow
P = ¢ylinder pressure

= ¢ylinder volume
4i = inerement of enthalpy
n. = adiabatic exponent
Ps = suction pressure
P4 = discharge pressure
N = compressor speed (rpm)
A = 9.807x16" (W/(kg-cm/sec))
4% = increment of suction pressure
Vs = gstroke volume
Vo4 = clearance volume
R = eylinder radius
r = rolling piston radius

= crank angle
Xy = vane extension

P =(R+rv)—f(r+q.)cosa+ecose}

* = time differential
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Ty

=

i

vane tip radius

offeet angle of rolling piston center

ol= gin' (e/(r+ry )Xeing

eccentricity of crank
e=R~1r :

Ri,R. = reaction force at vane gide

F,F, = friction force at vane side

!
k

my
Tp
Op
My
Me

Fy
Iy

We
v

Ly

Ry
T}

el
W)

Ty =uR, 4 T sul,

coefficient of friction

coefficient of vane spring

mass of vane

moment of inertia of rolling piston
angular velocity of rolling piston
friction moment at rolling face

friction moment at rolling piston
bearing

reaction force at vane tip

‘friction force at vane tip

Fe =y

angular velocity of crankshaft
sliding velocity at vane tip
friction loss at vane tip
friotion lows at vane side
coordinate of bearing angle
attitude angle of bearing
directional angle of bearing load
angular velocity of journal
angular velocity of bearing
coordinate of bearing length
viscosity of lubricating oil
friction loss at bearing

oil pressure in bearing
bearing radius

journal radius

bearing length

ecoentricity of journal

bearing load
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