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ABSTRACT

In this study, efficiency improvement according to the scallop shape of the radial-type turbine was investigated. Four different

rotors with a scallop ratio of 0.71 were used. The angle of the scallop was increased from 0 degree to 15, 30 and 40 degrees

so that the shape of the scallop was designed to follow the flow path within the rotor. To apply the turbine to the organic

Rankine cycle, R245fa was used as the working fluid, and the operating conditions were applied on the basis of the working

conditions obtained from the cycle analysis. The results of the efficiency improvement were studied numerically, and the

numerical algorithm was validated based on the experimental results of the radial-type turbine. As a conclusion, the proper angle

for the scallop was required to improve the efficiency of the turbine. The greatest efficiency improvement was obtained when

the scallop angle was 30 degree. In addition, the effects of the scallop geometry on the efficiency were analyzed from the

results of the flow field within the rotor.
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Fig. 1 Configuration of scalloped rotor (left) and

no—scalloped rotor (right)
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Fig. 2 Basic scalloped rotor (left) and modified
scalloped rotor (right)

Fig. 3 Four different scalloped rotors; A—type (basic),
B—type (5=15°), C—type (5=30°) and D-type (£5=40°)
from left
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Fig. 4 Symbols at the meridional plane of turbine

Table 1 Dimension and flow condition at rotor

Rotor Dimension

Rotor tip radius, £, [mm] 110.2
Height of rotor at exit, s, [mm] 482
Shaft radius R, [mm] 30

Radius at rotor exit, %, ,, %, ,,, /2, , [mm] 76.2, 57.6, 28

Rotor blade angle at inlet [degree] 0
Number of rotor blade 14
Flow angle at rotor inlet [degree] 75
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Fig. 5 Configuration of nozzle and rotor on the experiment
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Fig. 6 Computational domains and grid
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angle and efficiency, (c) static pressure ratio

AR 9] Ao upe} A5 02 | o] AAbE= AHEH3
HALS ARESEGITE, BHoA 2] AR} ol dHRal A
A7F S=S AdEY el d(inflation) & ARESFY HAAA; &
olg AAste] g4t 53], Eol=et Ehe-E Aol
o] |71= 4 Edlo|= SHoA ] 7H-2 1270 o)4ke] Azt
£ I3kt

Mo Fﬁ

55



Fig. 6 2% 2EE ANESH BI04 9] At
(computational domain)¥} Edjo]E W L=-Zo|A 9] AXE
Hol3a qloh, AAALE o2 Fig, 604 Kol A
o] 3]G} A G Aol wabA 3702) AlRAL o=

LO}O@ AAE a2 dFolA Y free A¥

203} dAsh= FEEEE FeH, daA9 ??Loﬂ
Adger &7 20 AASHI AAAIREY] o
= = Edlol= 271 (HAZ 20°)7}
A gEglon, EH%‘@J% shuke] Sdlol= (9 x]7}F 25.7°) 7}

do rr L r-hl m

_?L
£
‘_l_‘

X
of
12
2
>

i

Fig. 7& AAT} vlag 23E Rojrn ol A&
20] H3 91Xt Aol M2t o] ZE FAHeI ZHET
Z 0] 5,086he] BRelA HmE Zolx, HekelH], L]
% ke 2eETE 3 g kel vl Aol
o Fig, Tl ol Yo H A9 flehess
wetA] 2% glolu, 2
o:] 04.9_ 7—]0]]:]— Z«]CQ— o AlS
ol ¥ ZAurt 4}
Ao SHAY Anke 248 20S XEL A
oLe-g Bolx gleh. WA, HeheEa AN A Ee| Aol
2 Holx gt BEETLE 2,084} OhTOﬂHE e
o} Hglelo] Zash AU Fig. @AY FUsH Mol
Folonw HeteEaAel Y TS Aol ol
F7¥e gho Uehhe Zlo] Qg Aol & 4 ot

M

4. 2l Y 2N

HI

Fig. 8& & AFol4¢] B-type 277 ZE|o|A 2] A4t
< (computational domain)¥} Edo|= L AAikg o] 1
NN AxE HolFal qlok, AAL] vt A k(skewness) &
Z0]7] flste] YR F9L S+ AxE ARkl o, o
£ flsto] HAIALE 92 Fig, 8ol HolF= 3719] At
P Qo=, =H %\‘EH FollA] 37]9] AFEALIG AR
ARSARAR A
EERIREPALY

i

= stich AlFAE
3’}—4 dAe Z2A(frozen) ¥
staen, g9 A= s LYste]

om, YA Eolle ddHer &+ =
ottt AerAle R2dsfa= AASIoAT

Ate] Aol THE SAS B8] Sistel ALas
(elements)—J 2 WASIHA ZE Q) &L Fo|
T A8t 607t ol doll= EHgke] MaT d%
Woll 92 BIstolnh, weiA ] A9 BT FUR
Mo Axg s AL Ay 53
g At el i§9—1 e gi]—s}z] W, =F S
A9 frs = ?

S
o] 2% 2 boro) IS 48T, eEo) 2

F

%
=
e

rﬂi
oE

56

nozzle

Fig. 9 Comparison of streamlines on the meridional plane,

A-type (left) and D—type (right)
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Fig. 12 Streamlines near shroud with tip clearance flow
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Fig. 13 Streamlines started from back face, A-type, C—type

and D—type from left
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Fig. 17 Static pressure contours on the pressure
surface of blade, A-type, C—type and D—type from left

Fig. 18 Streamlines on the center plane of rotor back face,
A-type, C—type and D-type from left
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Fig. 19 Static on the back face of rotor, A—type and
D—type from left
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