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Effect of Geometric Parameters on the Performance of an
Automotive Scroll Compressor Using R-134a
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Abstract

The present study investigated the effects of geometric parameters considered on the performance of
an automotive scroll compressor by assuming ideal, semi-real and real gases for R-134a. The geometric
parameters were center thickness of scroll, height of scroll and the size of discharge port. Fourth-order
Runge-Kutta method was applied to solve the thermodynamic equations, leaking rate equation and the
equation of motion of discharge valve for ideal, semi-real, and real gases. The volumetric and adiabatic
efficiencies for semi-real and real gases differed little, but those for ideal gas differed by 18% and
25% compared with those for real gas at 2,000rpm. The volumetric efficiency changed little as the
design angle of scroll (7 ) changed, but the adiabatic efficiency at y of 34° was higher by 2.4% than
that of 147° for 2,000rpm. The volumetric and adiabatic efficiencies at scroll height of 29.8mm were
higher by 1.7% and 2.8% than those of 65.8mn. The volumetric efficiency changed little as the size of
discharge port changed, but the adiabatic efficiency increased a little as the size of discharge port
decreased.
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Table 1 Calculated radial leakage length.
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START

* Scroll design dimensions
» Tip and flank clearance
*» Operating conditions (P . AT . P.. 1)

* Calculate scroll geometric characteristics
V= fl@), A = (W) Ay =f(w), A, = f(Ww). L, =flg)

e [nitial values
P(j.1), T(j,1), G(j,1), y(1), S(1)
Y -

[« Orbiting an%le d Pw=0.29 ]

(Do i=2.3599 2]

-}

e 4th-order Runge-Kutta Method

Valve(y,s) : 2 order differential equation
Mass(G) : | order differential equation
Temperature(T) : 1 order differential equation
Pressure(P) @ Real gas state equation

!

* Find solutions
P(j, i+2), T(j, i42), G(j, i+2), ¥(j, i+2), §(j, i+2)

Fig. 5 The flow chart
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Do j=3.7.1
P(j.1) = P(j-2, 3601)
T(.1) = T(j-2, 3601)

P(1,1) = P(1,3601)
T(1.1) = T(1,3601)
P(2,1) = P(1,3601)
T(2,1) = T(1,3601)
P(8,1) = P(8,3601)
T(8,1) = T(8,3601)
P(9,1) = P(9,3601)
T(9,1) = T(9,3601)
y(1) = y(3601)
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Table 2 Specifications and operating conditions of scroll compressor.

Parameter Value Parameter Value
Scroll design | Displacement 150 ce/rev Scroll height 44.5 mm
parameter | Scroll thickness 4.0 mm Basic circle radius 3.4 mm
Involute maximum 945 ° Orbiting radius 6.5 mm
angle
a g, =684°, a,=0° 0 4 =354.4°, O (=354.4°
y = 112.4°, B =14°, r=39mm, r;=104mm
Scroll Suction plenum 340 cc Discharge plenum 150 cc
compressor | Suction port area 1.8 cm’ Discharge port area 0.8 cm?
design Discharge port 41 mm Discharge port volume | 2.6 cc
parameter periphery
Discharge Natural frequency 218.7 Hz Damping coefficient 0.02
valve Stop height 3.1 mm Mass 0.5¢g
Thickness 0.4 mm
Operating Refrigerant R-134a Suction pressure 294.3 kpa
conditions | Discharge pressure 1471.3 kpa | Superheat 10 °C
Compressor speed 2000 rpm Suction temperature 11 °C
Radial clearance 15 m Axial clearance 10 u m

100 100
80 | 80 :
7 F ® 60 F
¢ 40 } C% 40
20 p 20 P
0 A , , \ o . X \ R
4] 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
n {rpm] n [rpm]
(a) Volumetric efficiency (b) Adiabatic efficiency
Fig. 8 Effect of equations of state on the efficiencies (A: ideal, B: semi-real, C: real).
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120MHz 5867 Fel oA A5A17F 428890 & - FEHALE o] EHEANA oF 57 A
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100 100

180

1 60

n,[%]
N aa[%]

h=29.8 mm
’ h=44.5 mm

h=55.5 mm 4 40
20 r h=65.8 mm

0 N " A, i 20
0 1000 2000 3000 4000 5000 6000

rpm
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