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Conceptual Design of the Scroll Air Compressor for Fuel Cell
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ABSTRACT: Potential application of the scroll type machine to air compressor for fuel cell
has been studied. Among the seven configuration factors which determine scroll wrap profile,
the wrap thickness and the orbiting radius were chosen as two independent variables to
generate various scroll wrap profiles. A conceptual design practice was conducted for scroll
air compressor for SOFC with power output of 2kW. With larger wrap thickness and orbiting
radius, base plate area of the orbiting scroll becomes smaller, so is the axial gas force acting
on the base plate, resulting in reduced thrust loss in spite of larger friction velocity.
Performance analysis on the designed model showed that its total efficiency was 64.4% with
the mass flow rate per unit compressor input of 0.00905kg/(s - kW) for the wrap thickness of
35 mm and the orbiting radius of 3.0 mm.

Key words: Fuel cell(3 84 X)), Scroll air compressor(~3% F71¢%7]), Orbiting radius(’d
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Discharge Port Tip Seals

A Crank pin bearing

Fixed Scroll
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Table 1 Scroll configuration factors

Configuration factors

Sym L Relations
bols Description
a |Base circle radius |, — ,r—¢
Iltz Wrap thl_ckness £ = %20
Wrap height V, =2nar h(2¢, — 3m)
Ts | Orbiting radius 2%, — 3
®c |Wrap end angle |V.R= 267+
é, |Cutter angle $atm
a | Starting angle
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Table 2 Design conditions

Notation Description Values
Q, Flow rate 120 Ipm
P, Suction pressure 1 bar
i, Suction temperature 25°C
Py Discharge pressure 2 bar

(b) r,=4.0 mm
Fig. 2 Scroll wrap profiles : ¢t = 2.5 mm.

(a) r,=2.5mm,

Table 3 Combination of scroll configuration
factors for displacement volume of

429 cc
(unit : mm, deg.)

t T, h a b P D,,
4 207 | 1451 629 102

95 35 20 191 | 1733 802 112
3 1.7 | 2132 | 1045 127
25 159 | 2728 | 1408 | 148

4 223 | 1184 467 88

35 207 | 1395 595 97

3 3 2 1.91 | 1692 776 109
25 1.75 | 2132 | 1044 127

4 2.39 | 1001 356 79

35 35 o8 223 | 1165 456 87
3 207 | 139 596 97

25 191 | 1733 801 113

o or=25mmolA EE AT ¢, =1320°°0A,
r,=4.0mmol A= ¢, =822°01 4 dojdr},
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Table 4 Calculation results of compressor per—
formance and loss breakdown. : ¢ =35

mm and 7, = 3.0mm

Watt %
Useful Power 191.58 64.36
Compression Loss 9.04 3.04
Mechanical Loss 97.03 32.60
crank pin 7.70 2.59
bearingl 36.50 12.26
bearing?2 14.76 496
thrust 38.05 12.78

Comp. Input 297.65 100
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