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a b s t r a c t

The work of a scroll compressor is performed by its scroll mechanism. In this paper, the

coefficient of compression chambers of the scroll mechanism is defined. Based on energy

counting system of the scroll compressor, the working process of a scroll compression

chamber is analyzed and the compression process of the scroll mechanism in its working

period is expressed by that of one scroll compression chamber. Thereafter, a compression

process model with integral equations for the scroll mechanism is developed. The devel-

oped model uses the real working conditions (such as the suction and discharge temper-

atures, suction and discharge pressures, and flow rate) as the initial and supplementary

conditions. The compression process model for the scroll mechanism in an air scroll

compressor, as a case study, shows that the developed model can describe the compres-

sion process and predicate the volumetric efficiency and compression efficiency of the

scroll mechanism well.
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Un modèle de procédé de compression avec équations
intégrales pour le mécanisme de spirale dans un compresseur
du même nom
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1. Introduction

Nowadays, scroll machines have been widely used as the

compressors in various applications such as air compression,

air conditioning, refrigeration, vacuum equipment, and heat

pump. Among the inherent characteristics of a scroll

compressor, its high efficiency is attractingmore interest from

researchers. The efficiency study of the scroll compressor is

based on the compression process and various losses.

* Corresponding author. Tel.: þ86 931 2973566.
E-mail addresses: qiangjianguo@lut.cn, lyz8651@sohu.com (J. Qiang).

www. i ifi i r .org

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier .com/locate/ i j refr ig

i n t e rn a t i o n a l j o u r n a l o f r e f r i g e r a t i o n 4 4 ( 2 0 1 4 ) 1 0 1e1 1 5

http://dx.doi.org/10.1016/j.ijrefrig.2014.04.012
0140-7007/ª 2014 Elsevier Ltd and IIR. All rights reserved.

mailto:qiangjianguo@lut.cn
mailto:lyz8651@sohu.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijrefrig.2014.04.012&domain=pdf
http://www.iifiir.org
www.sciencedirect.com/science/journal/01407007
www.elsevier.com/locate/ijrefrig
http://dx.doi.org/10.1016/j.ijrefrig.2014.04.012
http://dx.doi.org/10.1016/j.ijrefrig.2014.04.012
http://dx.doi.org/10.1016/j.ijrefrig.2014.04.012


Nomenclature

cgp Specific heat of working gas at constant pressure

(J$(g K)�1)

cov Specific heat of lubricating oil at constant volume

(J$(g$K)�1)

fp Ideal pressure function under adiabatic

compression process

fT Ideal temperature function under adiabatic

compression process

Fs Tangential gas force (N)

H Height of scroll wrap (mm)

kc Coefficient of compression chamber pairs for the

scroll mechanism

kl Gas leakage coefficient

kT Modification coefficient of temperature

Lfr Distances from the tangential force’s action point

to the centers of the fixed scroll (mm)

Lor Distances from the tangential force’s action point

to the centers of the orbiting scroll (mm)

Lr Length of the line segment between two apexes of

the scroll compression chamber (mm)

mcg Mass of the working gas in the scroll chamber (g)

mco Mass of lubricating oil in the scroll chamber (g)

mg Gas mass in suction chamber (g)

mgs Suction gas mass of suction scroll chamber (g)

min,cg Gas mass leakage in scroll chamber (g)

mlr,in Mass of radial leakage in scroll chamber (g)

mlr,out Mass of radial leakage out scroll chamber (g)

mls,in Mass of tangential leakage in scroll chamber (g)

mls,out Mass of tangential leakage out scroll chamber (g)

mo Suction oil mass of the scroll chamber (g)

mout,cg Gas mass leakage out scroll chamber (g)

ms Fluid mass in suction scroll chamber (g)

msl Leakage gas mass (g)

MdW Theoretical driving moment of scroll mechanism

(N$mm)

Msdo Equivalent driving moment of the orbiting scroll

(N$mm)

n Adiabatic exponent of air

N Number of living scroll compression chamber

pairs

nw Speed of the scroll compressor (r$min�1)

pcg Gas pressure of scroll chamber (MPa)

pcid Ideal pressure of scroll chamber (MPa)

pd Discharge pressure of compressor (MPa)

pdid Ideal discharge pressure of compressor (MPa)

pdown Pressure of downstream scroll chamber (MPa)

PdW Theoretical driving power of the scroll

mechanism (Kw)

pin Pressure of inner profile of scroll chamber (MPa)

pout Pressure of outer profile of scroll chamber (MPa)

ps Suction pressure of compressor (MPa)

Psc Power obtained by the working gas (Kw)

Pscd Theoretical input power of the scroll mechanism

(Kw)

pup Pressure of upstream scroll chamber (MPa)

qgv Mean volume rate of suction gas (L$min�1)

qov Volume flow rate of lubricating oil (L$min�1)

Rb Radius of base circle (mm)

Rd Radius of modification arc for the inner profile

(mm)

Ror Orbiting radius of the orbiting scroll (mm)

Rs Radius of modification arc for the outer profile

(mm)

Sinv,in Area enclosed by the base circle and inner

involute profile (mm2)

Sinv,out Area enclosed by the base circle and outer

involute profile (mm2)

tu Working period of the scroll mechanism (s)

t, t* Time (s)

tc Working period of a scroll chamber (s)

Tcg Gas temperature in scroll chamber (K)

Tcid Ideal gas temperature in scroll chamber (K)

Td Discharge temperature of compressor (K)

tM Starting time that the modification profile form a

scroll chamber (s)

To Temperature of lubricating oil (K)

Tod Discharge temperature of lubricating oil (K)

Tos Suction temperature of lubricating oil (K)

Ts Suction temperature of compressor (K)

Vc Volume of the scroll compression chamber (mm3)

Vcg Gas volume of the scroll compression chamber

(mm3)

Vg Suction gas volume of scroll mechanism (mm3)

Vgs Suction gas volume of suction chamber (mm3)

Vo Suction oil volume of suction chamber (mm3)

Vs Suction chamber volume of scroll mechanism

(mm3)

Vsl Gas volume leakage in suction chamber (mm3)

WSdw Total work done by the scroll mechanism (J)

WSg Total working gas energy variation in the scroll

mechanism (J)

WSh Total work loss in the scroll mechanism (J)

WSo Total lubricating oil energy variation in the scroll

mechanism (J)

WdW Work of a scroll chamber done by the scroll

mechanism (J)

Wl Energy loss of a scroll chamber (J)

DWcg Energy variation of working gas of a scroll

chamber (J)

DWo Energy variation of lubricating oil of a scroll

chamber (J)

Greek letters

b Modification involute angle of scroll wrap (rad)

f Involute angle of scroll profile (rad)

fE Ending involute-angle of scroll profile (rad)

fM Modification involute-angle of scroll profile (rad)

fs0 Initial involute-angle of scroll profile (rad)

hscm Compression efficiency

hsv Volumetric efficiency

l Center angle of modification arc (rad)

rg Density of the working gas (g$mm�3)

ro Density of the lubricating oil (g$mm�3)

4 Normal angle of scroll profile (rad)

i n t e r n a t i o n a l j o u r n a l o f r e f r i g e r a t i o n 4 4 ( 2 0 1 4 ) 1 0 1e1 1 5102

http://dx.doi.org/10.1016/j.ijrefrig.2014.04.012
http://dx.doi.org/10.1016/j.ijrefrig.2014.04.012


Download English Version:

https://daneshyari.com/en/article/789373

Download Persian Version:

https://daneshyari.com/article/789373

Daneshyari.com

https://daneshyari.com/en/article/789373
https://daneshyari.com/article/789373
https://daneshyari.com

