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Performance Evaluation of Nano-Lubricants at Thrust Slide-Bearing of Scroll
Compressor
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This paper presents the friction and anti-wear characteristics of nano-oil with a mixture of a
refrigerant oil and carbon nano-particles in the thrust slide-bearing of scroll compressors.
Frictional loss in the thrust slide-bearing occupies a large part of total mechanical loss in scroll
compressors. The characteristics of friction and anti-wear using nano-oil is evaluated using the
thrust bearing experimental apparatus for measuring friction surface temperature and the
coefficient of friction at the thrust slide-bearing as a function of normal loads up to 4,000 N and
rotating speed up to 3,200 rpm. It is found that the coefficient of friction increases with decreasing
rotating speed and normal force. The friction coefficient of carbon nano-oil is 0.023, while that of
pure oil is 0.03 under the conditions of refrigerant gas R-22 at the pressure of 5 bars. It is
believed that carbon nano-particles can be coated on the friction surfaces and the interaction of
nano-particles between surfaces can be improved the lubrication in the friction surfaces. Carbon
nano-oil enhances the characteristics of the anti-wear and friction at the thrust slide-bearing of
scroll compressors.

Key words: Scroll Compressor(A3 & %7]), Thrust Bearing(22{AE H0{3), Nano-Lubricant (Lt &&A), Nano
Carbon (Lt Et2)
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Fig. 1 Schematics of a thrust slide-bearing experimental

apparatus for evaluating the characteristics of
friction of pure oil and nano-oil

Table 1 Thrust slide-bearing experimental apparatus spec
T type
Max 2,400 /m

Resolution limit 5 m

Max 3,000 rpm

Thermo-couple

Gap sensor

Servo motor

Air cylinder Max 5,000 N
Road cell Max 5,000 N
. Length 140 cm
Full size .
Width 80 cm
External diameter 110 mm
Fixed plate Inside diameter 58 mm

Thickness 12 mm
External diameter 133 mm

Rotating plat
otating plate Thickness 9.5 mm

GC250

Plate material

Axial force
Fixed Plate

i

Rotating plate

Fig. 2 Simplified model of the fixed and rotating plates
showing the axial force and the pressure
distribution acting on the friction surfaces in the
sliding thrust bearing of scroll compressors
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Table 2 Results of extreme-pressure of pure and nano oil
Breaking
Type Pure oil |Nano particles | pressure of the
oil film
. Mineral below
Pure oil . None ,
oil 120 kgf/cm
Mineral 01wt
Nano-oil I oil carbon nano- | 270 kgf/cnf
particles
. Mineral 03wz
Nano-oil II oil carbon nano- | 270 kgf/cnf
particles

Pure Oil 4 1500
Nano Oil
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Fig. 3 Results of friction coefficient of pure oil and nano-

oil using disk on disk type experimental apparatus
under the condition of R22 refrigerant
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Fig. 4 Lubrication results of friction coefficient as a
function of the normal force using the thrust
slide-bearing experimental apparatus at the
rotating speed of 1,800rpm and the normal force
up to 4,000 N

(a) Pure oil

(b) Nano oil
Fig. 5 Image of wear and surface roughness of the

rotating plate at the rotating speed of 1,800 rpm
and the normal force up to 4,000N for a 90
minutes test period
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Table 3 Surface roughness of the rotating plate at the
rotating speed of 1800rpm and normal forces up
to 4000N for a 90 min test period (locations of
X1,X2,Y1,Y2,7Z1 and Z2 are shown in Fig. 5)

. Surface roughness(pm)
Location , R
Pure oil Nano-oil
X1,X 1.1 1.0
Y.,Y, 2.5 1.1
71,7, 1.3 1.2
100

Fe 372

90 mewmw Ca393
i -—C 156
80 \

I

P f \ 0130
o Si 288
= 70

g I I Fe I —Bi 307
§ 60 —Sn318
c Na 590
g 50 N 149
[}

2 40 s 181
S

o 30 | |
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2 20
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Depth [um]

(a) Pure oil
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Fig. 6 GDS profiling for measuring the depth of oil
carbonization of the rotating plate at the rotating
speed of 1,800 rpm and the normal force up to
4,000 N for a 90 minutes test period
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