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Abstract —It is possible to prevent a piston from contacting the cylinder by changing the shape of the piston or
by applying micro-textures, such as micro-grooves or micro-holes, over the piston surface. Usually, the minimum
radial clearance reaches its minimum value at the beginning of the suction stroke because the pressure around
the piston is low and almost axisymmetric such that the net pressure force on the piston is not sufficiently high
to support the piston from touching the cylinder. In this study, we apply a series of saw-tooth-shaped grooves
on the piston surface, and numerically investigate the effects of groove depth, groove angle, and the number of
grooves with radial clearance variations using a finite difference method. We conduct a dynamic analysis of the
piston for various changes in groove geometries to obtain the minimum radial clearance variation for the entire
compression cycle. The minimum radial clearance increases while friction loss decreases when we apply the
series of saw-tooth-shaped grooves on the piston. In addition, we analyze the impact of the change in the groove
shape variable due to changes in radial clearance. Leakage variations are relevant to radial clearance, but have
almost no effect on the groove parameters.

Keywords — compressor(%=71), piston(3] 2=2&), groove(ZFE.), clearance(7+=}), friction loss(FF2<=41)

Nomenclature L : Length (m) @258 Zo])
h : Radial clearance (m) RFFE EA)
R Radius of piston (m) @2~E HH3) Bwin @ Minimum radial clearance (m)
p Film Pressure (Pa) RF=43) EFH2HPEEAT)
t Time (sec) AIKH) z ¢ Axial position (m) & W& L)
U Fluid viscosity (Pa'sec) (FA A% 6 : Angular position (rad) (@543F L)
U : Velocity of piston (m/s) (IAE &%) Ppa : Suction pressure (Pa) (5
hy : Radial clearance at concentric state (m)
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P Dimensionless pressure (FF 48 p/p.)
H : Dimensionless clearance (72! LE.L. h/he)
Z : Dimensionless of length (F:XF Zo]: z/L)
T Dimensionless of time (7 ARE: #4,)
@ : Friction loss (W) (MFE==2)
@, : Friction loss of base model (W)
(1R mhEEA)
O : Total leakage (m’/s) (7I%)
G, : Groove depth (m) (Z5-H. 7o)
H* : Dimensionless minimum clearance
GFAH A5 hadho)
F* : Dimensionless friction loss
AR P o/ay)
G* : Dimensionless Groove depth
Ak 171 Z10): Gy
R* : Dimensionless radial clearance

(FAHL R SAH: ho/R)
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Fig. 1. Geometry of piston.
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Fig. 2. Geometry of grooved piston.
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Table 1. Specifications of design parameters
No, A-B, C-D, A-B & C-D
12, 14, 16, 18, 20

50, 60, 70, 80, 90, 100, 110,
120, 130

G* 1,2,3,4,5 6 7,8

Region

Groove number

Groove angle(degree)
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Fig. 3. Minimum clearance due to the effect of grooves.
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Fig. 5. H* variation for one cycle.
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Fig. 6. H* with respect to the number of grooves.
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Fig. 7. F* variation with respect to the number of grooves.

w3 olo] wt HAfuHEAE sl €k

Fig. 6ol= 2FE 7l wislol] we} g Ale]&
S Uehbe HAFETA] HAgks Bk,
HAFIEAY) Fagke R*=1/4500, 1/30002 woll&
H2ES AAEE o] T8 AdEo] 2FH |
o] W= oF 0.82] FaghS vERdTh

Fig. 79l= 72k vk 3k JeEpiSIc). vkt
S e I P N L e e =
7} 7FsE o7t dAE] el FUS R¥llM
FH N F7) Mislelee 2R 87} 7 EE WAe] A
71E o)z} glon g wpEsae oA sit),

3-3. OFE Ztzo| A5t

OB NFE 1A AeE HIAAA] 17
Heo] 71 Zol7b 1 38l sl Mlsk=S g 799
H*9} F*2] 312 Fig 89l A5

R8O Zo] G*=2, ZFHE] JF N=202 7%

225

06
*
I

04

02

- =50 O ====130°
0 \ \
9 9.5 9.5 9.75 10

0.2

— O ===e130°

9 9.25 9.5 9.75 10
Cycle

- a5

9 9.25 9.5 9.75 10
CyCle

Fig. 8. H* variation for one cycle.
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Fig. 9. H* variation with respect to the groove angle.
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Fig. 10. F* variation with respect to the groove angle.
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Fig. 11. H* variation for one cycle.
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