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ABSTRACT

Recently, research has been conducted to develop the ORC (organic Rankine cycle), to recover waste heat
from facilities such as industrial plants ultimately to create mechanical or electrical energy. The ORC system
consists of a heat exchange, a condenser, a pump and a boiler. In this paper, 84 flow analyses were
conducted with 21 cases and three variables, i.e., a number of large wings, a number of small wings, and
RPMs. R245fa was used as a refrigerant. The flow cavitation phenomenon was investigated through a flow
analysis, and a flow stream analysis was conducted
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Fig. 1 Shape of turbine blade

Table 1 Specifications of ITxr turbine generator

10kw/hr net -
Output
DC power
Inlet Ports 1 inch I.D.
Outlet Ports 4 inch 1.D.
Working Fluid Refrigerant

R134a (<907C) and

ORC Working Fluid ) )
R245fa (90°C~1207)

Compressed air,
Steam, water, etc.

Solurces

RPM Range 2,000~ 20,000 rpm
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Fig. 2 Generation process of turbine blade

Fig. 3 Photo. of 3D scanner (Breuckman Co.)

Table 2 Specifications of 3D canner

Item Specifications
Image interface IEEE1394(FireWire)
Control software OPTOCAT
. BRE, ASCII, STL,
Output file
PLY, VRML
Working principle MPT method

Source of illumination 100W halogen

Sensor weight 6 kg
high-resolution digital
Camera
cameras
Resolution 3,000 x 2,208 pixel
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Table 3 Physical properties of R245fa material

Molar Mass 134.05 [kg kmol”-1]

Specific Heat

P . 1037[J kg™-1 k~-1]
Capacity

Temperature 30T

1.037e-5
[kg m~-1 s~-1]
0.073[WmA-1 KA-1]

Dynamic Viscosity

Thermal Conductivity
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Table 4 Conditions of fluid analysis for each case

Large Small RPM
blade blade
Casel 6 0 2000
6 2 2000
6 3 2000
6 4 2000
7 0 3000
Case9 7 2 3000
7 3 3000
7 4 3000
8 0 4000
Casel8 8 2 4000
8 3 4000
8 4 4000

Fig. 4 Generated mesh for turbine blade
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Fig. 5 Fluid field of turbine blade

outlet

rotating

Fig. 6 Regions of boundary
condition

Table 5 Boundary conditions of turbine blade

Parameter Description
Inlet 21bar
Outlet 3.5bar
Working Fluid R245fa
RPM 2000~ 5000
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3 Fig. 69141 rotating &2 E#ol=rt 7
Al A A o] HEE dAS T
e 21 bar, =7 9¥2 35 bar2 AT

H 4]

I

—_

il

ol

4.

41 B8l Sao|= 54 Al
frEel ol Ad A3 @Rpol
e FELE AL Belolsr} Bobd o @



Turbine Impeller @40l FE5EAl w

rie
of
%t
2,
r o)
o
2

T ATV ATEE RS A, A3, Al4E

@)
CFX analysis of turbine blade
on each conditions (Large blade
6, Small blade 0, 2,500rpm)

(d
CFX analysis of turbine blade
on each conditions (Large blade
6, Small blade 3, 5,000rpm)

(b) (©
CFX analysis of turbine blade CFX analysis of turbine blade
on each conditions (Large blade on each conditions (Large blade
6, Small blade 0, 3,500rpm) 6, Small blade 3, 2,000rpm)

CFX analysis of turbine blade CFX analysis of turbine blade
on each conditions (Large blade on each conditions (Large blade
7, Small blade 3, 3,000rpm) 7, Small blade 3, 4,5000rpm)

() (h)
CFX analysis of turbine blade on CFX analysis of turbine blade
each conditions (Large blade 8, on each conditions (Large blade 7,

Small blade 3, 5,000rpm)

Small blade 3, 4,000rpm)

Fig. 7 CFX analysis of Turbine blade
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Fig. 15 Maximum pressure of the case
with 6 large blades at different
RPMs
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Fig. 16 Minimum pressure of the
case with 6 large blades
at different RPMs
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Fig. 18 Minimum pressure of the case
with 8 large blades at different
RPMs

7 2 Aok gge & £ AUk
5. 2

1. B¥l JFoA 21 barZ2 E9l+ FA7}
Edol= 7R b2 AgE7] wZed H
) ¢t Zke 20~21barE Aol TYsit)

fr 2o ©
BE l
< o

¥ ;% 1
oo o A

oft
ox Yo,

o
=

L.
=
N
==

87,
=

7

2}
A<

174

2 A 3
gtol R 7] ¥ E7]

CREE I P

iy

Mo A
T35
off
=

[e]

R

P
o

=

=i
° =

N BN w

A
o

B, x

i)
i
)
32 3
=

-42 -

4, Z 2 M 8, FF2 2 A Sl =

AollA B A4 Ak 4,500rpm o] Th.
4500rpm Btk Z I AF7F #HAHE G
FEoA &8 FJFol AA ERAT I

EXAT F
UERH A

o 0

gl

o

87, 22 g7 /S 3N o
AZFol 713 dAsty] w&ol
A o)Al Aoty ot

o o

¥ & ol

i

6. =7|
EES BRI ARATA T A
oz saE ATARe
(No. NRF-2013H1B8A2032275)

rhe

Alo)#
==
kA

>

b

Ik
Al
o

a

1) Mehmet, of a
dual-level
Geother
-mics, Vol. 31, pp. 709-724.

2) Kane, E. H., 2002, Integration et optimisation
thermoeconomique and environomique de cen-trales
thermiques  solaires  hybrides, PhD  The-sis,
Laboratoried' Energetique Industrielle, Ecole
polytechnique Federale de Lausanne, France.

3) Schuster, A, Karellas, S., Kakaras, E., and Spliethoff,

H., 2009, Engergetic and economic investigation of

Organic Rankine Cycle appli-cations, Applied Thermal

Engineering, Vol. 29, pp. 1809-1817.

Pate, P. S. and Doyle, E. F., 1976,
Compoun-ding the truck diesel engine with and
Organic Rankine Cycle system, SAE publication.
760343,

5) Cho, S. and Cho, C. and Kim, J., 2013, A
Study on the Organic Rankine Cycle Using
R245fa, Korean Journal of Fluid Machinery
Association, Vol. 16 No. 3, pp. 10-17.

K., 2002,
binary  geothermal

Exergy analysis

power plant.

4)



2
e
2
Ho
XN,
fols

L ARE L AFAANTEEA, A3,

A43.

6) =94, 2013, Aol 2WY +2% Fee el
= A4 Aol

2)
2¥ Erol= A7 2 57
A AT, Folhsm ) EE(IHA

7) H. K. Versteeg and W. Malalasekera 2007. "An
Introduction to Comutational Fluid Dynamics,"”
Second Edition, Pearson Education Limited,
England, pp. 90-92.

8 Do, D. and Jo, G. and Jo, Y. 2012,
Measurements of 3D Model Shapes for Reverse
Designs, The Korean Society of Visualization
,Vol. 10 No.1, pp. 55-59.

9) Oh, H., 2013. A Study on the Utilization of
Reverse Engineering for the Modeling Process
of Product Design, Journal of Korea Design
Knowledge, Vol 27 pp. 13-20.

10) Shim, Y. and park, K. and Jung, D. and Kim,
J., 2007, Condensation Heat Transfer
Coefficients of R245fa on a Plain Tube, Korean
Journal of Air-Conditioning and Refrigeration
Engineering, Vol. 19 No.8.

-l
~

-43 -





