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Effect of displacement volume ratio on compressor performance

for a twin rotary compressor

Jong Min Ahn®, Hyun Jin Kim"
*Graduate School, University of Incheon, Incheon 402-749, Korea
Department of Mechanical Engineering, University of Incheon, Incheon 402-749, Korea

ABSTRACT: As one way of design optimization of two-stage two-cylinder rotary
compressor used for R410A heat pump application, displacement volume ratio, being defined
by the ratio of the second stage cylinder volume to that of the first stage, has been varied
and its effect on the compressor performance has been investigated by a computer simulation
program. For simplicity, only the cylinder height of the second stage was varied to change
the volume ratio. With increasing the volume ratio in the range of VR=0.55~0.9, volumetric
efficiency increased monotonically, but adiabatic efficiency showed a maximum at around
VR=0.6. Mechanical efficiency was little influenced by the volumetric ratio. As a consequence,
maximum improvement of the compressor performance was found at around VR=0.7.
Compared to a one-stage two-cylinder rotary compressor with about the same cooling

capacity, COP improvement was about 6.96%.

Key words: Twin rotary compressor(E¢l ZEg] 4=7])P-V diagram(P-VA %), Compressor
work(¢F57]1<), COP(Coefficient of Performance),

PR R Q. : ¥¥ [Btuhr]
v, 9@ k= A ]
M A [ke] i
W, 97l e (W
m 7h2~ AR i [kg/sec]
n D 71A A aglA 22X}
P © ¢+ [Pal
P, &Y Y [Pal a 3=
Pd E% ?:}—E—lﬂ [Pa] n . E‘%
RSP
¥ Corresponding author St &t
Tel.: +82-32-770-8419; fax: +82-32-770-8423
E-mail address: kimhj@incheon.ac.kr g R E

- 171 -



m Discharge tube
J —Upper cavity

L_f‘: AEHE—'.;
Stator—| r~Rotor
Crank$haft
P
Lower cavity _| ] \ Upper Muffler
Upper Cylinder_|L.~= — J/f‘waf” bearing

TR
\ Suction tube
T 7]
[a = | uah)
i Lol [
Sub bearing - mg.@ Lower Cylinder

Lower Muffler

T

(a) (b)
Fig. 1 Schematic of a twin rotary compressor:(a) 1 stage/ 2 cylinder, (b)(a) 2 stage/ 2 cylinder
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“j _ } _ o e = Table 1 Operating conditions
E FY-UEF-EEdAC dFE FA Ao CO:
Y& 0] 83 2k 4= EY ZEl] 7)) A Notation Description Value
A Anle] Jgto] st H = Haudul 9l P, Suction pressure 10.15 (kgf/cm®)
@
o . P, Discharge pressure | 34.48 (kgf/cm?)
Fig. l@,b)E a4 del 29 2ebe] 43 , -
el Bme welEth Fig. Lael 19 2480 cva Evaporator temp. 7.2(°C)
Tz A R AUgE B g=H as= tond Condenser temp. 54.4(°C)

T TEE S AN HEYA o]ty A t., Superheating temp. 27.8(°C)

o Adyel EEd bash oA REAF e

se Subcooling temp. 8.3(°C)
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Table 2 Main specifications of a twin rotary compressor

M= MO+ [ in,dt

L 1 stage
Description 2 stage
(Base)
VR, Volume ratio - 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
Vs
.g’ 28.52 15.68 17.11 1854 19.96 21.39 22.81 24.24 25.67
Displacement volumelcc]
R,, Cylinder radiuslmm]| 31.75 €« €« €« €« €« €« €« €«
RP,, Roller radius[mm] 27.83 €« €« €« €« €« €« €« €«
H_, Cylinder heightimm]| 38.86 21.37 23.31 25.26 27.20 29.14 31.09 33.03 34.97
Finickness 10.32 € € € € € € € €
Roller thickness[mml] '
Adre B TEE vgon Wi AxE W Fig. 2& AN ohred FAARE
At AA Wis#E-e 29,000 Btu/hro] i & w0 A7IA AAF AAZEe] Y/ e d FE5A 2
Az ASHRAE-TeH, t57] 49 F34 Aol Fopgle Wule ¥y X wep o
= 60 Hzolth, A &31x71& Table 1o 4z of Eel=o] Wul FpA=A HAL A Ao &S
stk 20 4EHe @4 s Axseols V)% sn o vl Welrh 26 thal o)
df Ady =o|vks wWiglslte] @A AAHE = A A ="S FEs| e g o]e g Wiyl 2
Qe 4FF FaAFE Table 201 Aels Qo] SaAHE 54 wAAnd = w8 4
At 2 Apolel $HE WE  adt W U
o ol g Alze Wl Aase 4@3)3 ol
3. Msdily Z23H =M Zawn
Ao Z2a38Le Fig 1) % HALA ) -
qol 4 wele] Aes Eds dojstd w4 Mg, ftash = Mo Bk 3)
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Fig. 2 Leakage paths in the compression

chamber
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Fig. 3 P-V diagram :(a)l stage/ 2 cylinder, (b)2 stage/ 2 cylinder
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Table 3 Performance comparison between
1 stage and 2 stage twin rotaries

Notati Descripti 1-st 2-stgae
otation escription -stgae
P g2 | (vR=0.7)
n, Volumetric 92.0 95.7
efficiency
n,, | Adiabatic efficiency 89.34 95.22
Mechanical
U mech efficiency 92.67 91.3
C
n, ompressor 7452 | 7165
efficiency
Compressor
We Input[kW] 2.93 2.86
Cooling
Qe capacity[Btu/hr] 29,449 30,816
CoOP COP 2.948 3.157
—m— Calculation
2.00 4 Theory

1.75 1

1.50

1.25

Intermediate pressure [MPa]

1.00 — 71 r 1 T 1 T r T ' 1T * T ' T 7
050 055 0.60 0.65 070 0.75 0.80 0.85 0.90 0.95
Volume ratio

Fig. 5 Relationship between intermediate

pressure and volume ratio
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Fig. 6 Effect of displacement volume ratio on

various efficiencies
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Fig. 7 Effect of displacement volume ratio on

compressor performance
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