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A Study on the Design of an Asymmetric Algebraic Scroll Expander
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Abstract In order to extract shaft power from thermal energy in a R134a Rankine cycle as waste heat recovery system
of a passenger car, a scroll expander has been designed. Algebraic spiral is adopted as the base curve for scroll wrap profile
in the compact scroll design. About 19% reduction in scroll diameter is accomplished when compared to the conventional
involute scroll. Performance analysis on the designed scroll expander shows that the expander efficiency is 85.5% at the
vehicle speed of 120 km/hr and it decreases to 67.2% at 60 km/hr, provided that the scroll clearance is kept at 10 pum.
The expander can produce shaft power equivalent to about 13~14% of the driving power within the speed range of 60
~120 km/hr.
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71549y f : fixed scroll

F : force [N] o : orbiting scroll

h > enthalpy [kJ/kg] mb * main bearing

H > wrap height [m] sb : sub bearing

M * mass [kg] th : theoretical

m *mass flow rate [kg/s]

P : pressure [N/m’] 1. B

rs : orbiting radius [m]

‘ : wrap thickness [m] 87 ned W wa vEd A7 oA Aok

T : temperature ['C] Toll B wo] el Aa E b, FdelE

V. volume [m] AA Se BAR ¢ oy) Fo wE HolA v

W power [W] HE 2itE A48 A 5ol ghale] mopHaL
gleh. ohEe] B A9 B9 e 52 AL

a8l X WHS FaskANt, ddo] AqfRelal 2xk e

n - efficiency FA G Agolle Hule] A¥elA] Zstm®, oy

0 - crank angle [deg.] A W FHEA 2t 849 AATE A &ske

© : friction coefficient Al =7} o] Fo x| 2l ).

p : density [kg/m’] 238 WAUES o4 238 AF7)E 1A,
AzlE R ALFe] 5EZow s JWn) 4572 E

SHE At 2 AREH AL Qlth olEdk 23E HEVIE 93 HA

a - actual, axial A AT Ae 7] JojM AT RE S8

dis - displacement T AoA, A4 aqtE ddowiY FHEHolu A

e - expander HE 7] 9% 717 AlelES AT W e

122 (© SAREK



xﬂ@ﬂlﬂ Xésﬂ;d e 1A AA8] P FTlol
2 ol AYVIE &84T = FUI AYn|7} A&
HAr}, g Zeld 232 A3 JHow e
T e B EE xR 7] A g 23 E ¢
Z719] sreEvle} Fdstt) old A9 7] 7] Alol
of & x| 2aF WAV BANE BT
o wrt gk gy 23F 45715 AMEsky
ARESHE A2 AAIARD Wl EdSRRE % Sk
Nz F7] B2 ALl EFS FAE] sl ool A
geles 3% WAVE AAEk AzFsks Ao
i) a e

iy

Kim et al'%& 35 LT 71&d AdAS 4238 54
kel Azl A 35 f7] BNl E AES BAF
SloiA 222 W7 A E aA B AEE
o] 75%eti P AT 2 Aol A= Tt
358 B9 H8F 5 PUT 5 Y= A2
Kim et al’ Ol Aetet 582 A 35 §7] B2

Apelgel Aga 228 PP7)E AASLA .

AE AL o] FE FHoR gutxog= olE

FE7L 2 AMEHO Q3 YA el AA 2
RS ol A TR Aol 7| 2d 2% Yol
ZlorE] a1 glt}l. Kohsokabe et al'’e tiguba e Abg

glo] YA T8 238 A32S AASY L, 7]&9 ol
BEE TS AR 22% D4 ol @ ol 1%

= l

AN 4= AT Bush and Beagle 12)—8— = Jfe] atA
conjugate) =71S WS o] o] 2N E 2
aE s 1A 7 des E‘;’ii’, Bukacm)t - 7N
o] gt FHoZHH ?;,]9] 22 HAS us
T UE 20e AAEA

B AT AL SEANA S FaA e
= o] QBZE Aol A7
B Fstol el il Jde] 23 E
| ot AAjEla wEEF s FAS Fadto 2
9 23 W7o Aes dSs Buxt gt

-
ox
BL folr
z ol
;1%

o%“m »
oN S ofh
N> oo

2. HYs|5 R134a HZl Ato[2nf cfjpLiM
A3E 7| HA =A

= VAol 7)1 %3 235 HS z2he AT =29

& 48T g2 3.5 Lg 7HEd A7l HE3g A
*E“Olﬂ# o] alXe] @3y A< 120 km/hroll A A

2 oUx] &8 892 kW 7Fd 2 Sl 267
kw7} AVEE A, a7 7 HE2 27.4 kW, WS

(© SAREK

G 268 kWEA] 2 5o FasA AHgH

1<k w717k w283 YArdR e oy
A7} 742 A ke A7)t

Fig. 13} Fig. 2+ 217} Jﬂ%ﬂ‘? Al 2=El} o]e %
8= R13da %71 Alo]29] p-h Aok %7&71
T a}<>1(6x4 7)) 5 LS R R 507k ¥
HE 7 g9l (2><4~3><4)<>ﬂ ot F7HA< 4
NUAE d=F AL 5 AX 53T

2H45 120 km/hroll Al B2 a S WholEolE By
of 7] 7}2d S WolEol: Hdy], aglal A d
WEV|2HE ] FLFS Aol E9] 2HsHA1Q R134a
7 & F5sh] feiAE 7 dudr)e] a8 85%
2 714E u Alol= Ao m, = 0251 kg/s7}
Hojof gt} o] e A= 3@7&714 AAEHZEA
S Table 1°] A2+

N

21

=%
]
Ao},

Exhaust Gas

Scroll
Expandel

B

Fig. 1 Engine waste heat recovery system of a
passenger car.
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Fig. 2 P-h diagram of an organic Rankine cycle of
engine waste heat recovery system.
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Table 1 Design operating conditions for scroll
expander at 120 km/hr

Symbols Description Value
Pe Surper heater/boiler pressure  33[bar]
Pc Condenser pressure 15.8[bar]
T5 Expander inlet temperature 144.3[C]
Ps Expander outlet density 123.75[kg/m3]
Pes Expander inlet density 58.29[kg/m3]
ma Mass flow rate 0.251[kg/s]
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Fig. 3 Involute scroll vs. algebraic scroll.

Table 2 Algebraic scroll wrap design parameters

Notation Description Value
a[mm)] Algebraic curve constant 4.25
k Exponent of spiral 0.825
tefmm] Wrap end thickness 3
rs[mm] Orbiting radius 4
H[mm] Wrap height 28
®.[0] Wrap end angle 950
VR Volume ratio 1.99
Vth[cc] Volume 40.01
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Fig. 4 Cross-sectional view of scroll expander.
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Fig. 5 Sealed pocket between two contacting points.
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Fig. 10 Bearing loads.

Table 3 Performance analysis of designed algebraic
scroll expander

Notation Description Value
Lin[W] Useful work 4,985.1
Lindi[W] Indicated work 4,635.6
Lmechi[ W] Mechanical friction loss 375.4
Lip[W] Lip seal loss 11.2
Lep[W] Drive bearing loss 29.5
Lmb[W] Main bearing loss 91.9
Lso[W] Sub bearing loss 52.5
Lwrap[W] Wrap tip friction loss 188.4
Lo [W] Oldham-ring friiction loss 1.8
Ls[W] Expander power 4,260.6
1,[%] Volumetric efficiency 95.3
Naa [%0] Adiabatic efficiency 97.6
Ninecn [%0] Mechanical efficiency 91.9
1. [%] Expander efficiency 85.5
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