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Design Technology of 2-Stages 100 kW Class Radial
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Abstract: The Organic Rankine Cycle (ORC) has been used to generate electricity from many kinds of
thermal energy sources, such as geothermal energy, solar energy, waste thermal energy, ocean
temperature difference, and so on. Its operating temperature and pressure greatly depend on the working
fluid. In recent, working fluids which have been developed as environment-friendly refrigerants are
widely used. Hence, the ORC can operate efficiently even though the temperature of the available
thermal energy is less than 100°C. In this study, a design technology for the power generator of the
ORC system was developed based on the heat source temperature of 125°C and the working fluid of
R245fa. Considering the ORC’s expansion ratio, two-stages radial turbines were selected as an
appropriate expander for the ORC system. Performance of the turbines was predicted with the properties
of R245fa, and off-design analysis was conducted. Flow structure within the turbine was evaluated by
the numerical analysis. The efficiency of the ORC system was estimated to 11.4% when the ORC
adopted these turbine.
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A Turbine
B: Generator
(C: Heat Source
D: Evaporator
E: Tank
F: Condenser
G: Cooler
H: Regenerator
& Pressure sensor
S~ RTD
Pump
A Relief valve
45 Flowmeter
Control valve
— Port
O View glass

Fig. 1 Schematic diagram of ORC cycle
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Fig. 2 P-h curve on the ORC

Table 1 Input conditions for the ORC

stage 1* stage 2™ stage
S mass flowrate 4.2 4.2
T [kg/s] 4.2) 4.2)
rotational speed 28000 28000
A [RPM] (28000) (28000)
G | inlet total pressure 2005.8 828.8
[kPa] (2002.9) (827.7)
E inlet total 125 88.8
temperature [°C] (124.95) (88.7)
Table 2 Operating conditions at nozzle
stage 1% stage 2" stage
radius at inlet 51.39 66.86
[mm] (51) (67)
height at inlet 8.4 16.26
[mm] 8.1 (14.8)
N number of blade (%g) (S)
o
mean radius at 41.12 53.49
7 exit [mm] (41) (53.5)
blade angle at 75 75
Z|  exit [degree] (75.6) (75.62)
L | Mach number at 1 0.97
exit (0.76) 0.8)
E total pressure at 1976.1 815.5
exit [kPa] (1972.81) (813.49)
static pressure at 1381.2 547.8
exit [kPa] (1532.53) (596.83)
static temperature 108.3 74.8
at exit [°C] (1133) (78.9)
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EZoA AdEHY Z7] 5L Table 2004 Table 3 Operating conditions at rotor

) F.xoko] 3
BeFaL Sl 1t 2gkelAe] A Z"%_g] E stage Ist stage 2nd stage
BH7E 263 28 o1 Holof FHER kF F7 radius at inlet 36.77 458
Aol £xE A= gejok Ak gtA v F F [mm] G7) (45)
AR =7 [mm] (8.1) (14.8)
Ae] AEAAE 123 ms FEOIER £7]8 ALE [degree] © ©
st AeRThs 498 Be 27} BT Fig 3 number of blade | 13 (12
o = 2-2] FAFS
;;1‘?101]‘;]‘3} 9ol wZe] 334 B B vl et ol | 24 293
by
T AT R| mean radius at 23.7 29.71
Table 32 ZE|A ] ZHE RT3 o) 1 exit [mm] (24.7) (30.46)
o EHl ZE o) vlste] 2tk ElWl ZE7} tha 7 O| relative flow angle 20.2 -1.6
. at inlet [degree -17.3 -11.53
ge & & Aok ot veld AW Agg | p—ooceel L CF) (DS
Aol WS sl 2wl AE Fgol Fysr | [t atetimml] 55 (24)
b Dolt} =3 1Tho) H|B o) XFH] 7} = blade angle at -60 -50
?‘ ] qu et ! _oﬂ Rl ?EH R exit [degree] (-58.22) (-49.7)
st} Zelo] 29% ZthalgiTt 2vhellAle] Y gn| abs. flow angle at | -31.1 -15.5
=2 ZolW YL 7143 HiEu, 2gkoAe] 3 exit [degree] (-18.42) (11.1)
total pressure at 837.2 289.9
exit [kPa] ¢ (329.2)
static pressure at 732.1 224.9
exit [kPa] (775.99) (293.8)
static temperature at 90.3 56.2
exit [°C] (91.95) (61.1)
static density at 37.88 11.71
exit [kg/m’] (40.29) (15.33)
output power [kW] 52 66
P (51.16) (65.2)

(a) 1st nozzle (b) 2nd nozzle

Fig. 3 Configuration of the nozzle

(a) Ist volute (b) 2nd volute
Fig. 5 Configuration of the volute
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Fig. 4 Configuration of the rotor
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(b) relative velocity vectors

Fig. 7 Contours and vectors at the mid-span of the
Ist turbine
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Fig. 8 Contours at the meridional plane of the 1st
turbine
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(b) relative Mach number contours
Fig. 9 Velocity vectors and Mach number contours
within the 2nd turbine
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Total-to-static efficiency, n, [%]

100 kW& F7|H7ZIA0|E& 28 +

100
80 4 P SN
- e~
e
RN
60 |
40
——= Q=06
== 10=0:7
—— Q=038
20 A 0=0.9
—— 0=1.0
===
0 T T T T T
0.4 0.5 0.6 0.7 0.8 0.9 1.0
Velocity ratio [U/C]
(a) efficiency vs. velocity ratio
100
80 -
==0
60 -
Design point
40 1 [/ ——— Q=06
N ——— Q=07
i —— 0=08
| |1 Q=09
20 i ——
| —-— - 0=11
!
0 : : :
1.0 1.5 2.0 25 3.0

Expansion ratio, y [P,/P_,]

(b) efficiency vs. velocity ratio

Fig. 10 Total-to-static efficiency on the Ist turbine
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