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Abstract: Geothermal energy is used in various types, such as power generation, direct use, and
geothermal heat pumps. Geothermal energy with high temperature have been used for power generation for
more than a century. The purpose of the study is to investigate flow and electricity power characteristics
of hydraulic turbine for power generation of geothermal heat pump type with closed-system. The
differences between the four types of hydraulic turbine, are different from the blade shape, volume, angle
and etc. In case of prototype(l), pressure at blade was reduced to 2.1 bar, the kinetic energy of blade
increased by increasing flow velocity(4.1 m/s). The increase of flow velocity at the blade edge markedly
appeared, to increase the kinetic energy of the rotating shaft. In case that gateway in hydraulic turbine
was installed, operating torque and RPM(1,080) of the rotating shaft increased respectively. Although
rotational speed of prototype(2) compared to prototype(1) was reduced, the power generation capacity was
greater about 3.4 times to 97 W. The most power of 255W was generated from prototype (4).
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Table 1 Turbulent constant

C, Cie Cae Ck C.
0.09 1.44 1.92 1.0 1.3

Fig. 1 Fluid dynamics mode of hydraulic turbine
prototype(1)
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Fig. 2 Schematic of geothermal energy system
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Table 2 Prototype specification

Proto Blade specification(mm,®)
type
1 ®: 97mm, number: 8, angle: 60°

¢: 170mm, number: 12, angle 90°

¢: 760mm, number: 12, angle 90°

¢: 170mm, number: 12, angle
4 90°(upper) + ¢: 120mm, number: 8,
angle 45°(lower)
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Fig. 5 Contours of velocity magnitude at several

section view

ol & &%
Zleoltt.
Fig. 5(b)2He)elA 2kl & S4& AvH

AN A T =Fo]

i)
4>

A

mlo 4

St=FHIASHYA| M9 M=, 20154 2@ 27



RIGO|LAX] AAHES HB3 UH

do
1
_>|'_|
10
40
o
il
gl

= 5§ f5(linear flow) 0 5
FAETh 2 UE THEF F bladeol A& & o | Y
F %5l 713"} Fig. 50)9 #EolA= H 50 [ 5% s {1s
g3t #EE A EAT FA7) gateway 2 U =
= 3A oA 11A] WEke] oF 5 29| guide T B
A 3 msE 0] Z7kekn Yk ey v
z7} Ed= 34 9 12 ' Iy
N guide Tl 5T o] FFH FHo] = ' 108
]' 31_?,:]5]010]:8]-1:1, O]_ il 25 I 40 ‘ 50 I 80 ‘ 100
3]

d =
Ao EEAUAE S7HIE F A =7,

Mass flow(m®/h)
Pump electrical power{kWw)

Flow rate valve open(%)

A5 2 9 oF 143 mhs 7522 YHEE Fig 6 Electrical power of recirculation Pump

2 F44% blade?] € 7PEAEY 42 3.5 mis

ol vl #& A4t FEHAT 2y 80 according to flow rate valve open ratio
2 F718te &EAUA R e

1 Flow rate(m3ih)
[0 Pump electrical power(kW)
—e—Pump outlet(bar) \)—)

N
e
2
Ay
)
>
>
ol
2
>
=
i
ol
o
K
Y
ol
o
fr
i
>
o
g

©
=3
©w
=

Flow rate(m*ih)

ol
S
i
2
=z
%
fd
fr 3y
S
o lo
2 F
oy 2
Ru
_O‘_',
i
5
_o|£
2
Myl

Elec.poweripressure(kW,bar)

-
=]
-
o

145 589 922 4181 nas T
L]— * . = 2 00

A3 100% 7N 25 40 50 80 100
i

o

Iz |H
il N
e 1o
ol ‘
v
B o
fa
il

Flow rate valve open(%)

©
D
BLM
5
T

ot
o
o

ol

20 Fig. 7 Pressure variation of recirculation pump

off off _Q,
o rlo

©

=
oL
o

K ¥R o
flo

N

b oHo i

[
I8 ox

N

outlet according to flow rate valve open ratio

SR
M
e
i)

i
4
e
3

o rIf rr

B d
i
b

B T o
N
_0{]&

it 24
o
[e]

=

~
=)

@ Pump inlet
B Pump outlet
O Return line

O rﬂ\o{_rl
3
=l
B~
[l
)

> JH R
rlo

2L ool

g
ob

o o
o ot o

I
o> o
— T Lo
(0 2 & of & 4

L
o

—

o
£ &4
4
24
N
N
Iz
r_‘i_l‘
2
> N
%
&
ﬁrﬂ
n P
o

ol
fo
o b
o
fa)
o

Pressure{bar)

LURINY)

20

i

_YJd

M

o
o 2

H
outlet®] &8 WE TAE UE
o] 25%°A 100%74A] F71EFS =
g xS 3145904 4.44 kW 7HA] ST
J8Y fEREuE s
HEO outlet ¢, wjF AZ W3 o
wel e AET. 7oA ALEaA

=
K
%0
o
>

X oo fo

40 50 80 100
Flow rate valve open(%)

- o
oL
S
s0, L2

£

9
olN
NS
et
4
d
i

Fig. 8 Several position pressure of recirculation

pump according to flow rate valve open

- X
)
fr = o

ratio

28 U=FHIIASHYR Miod iz, 2015 2



oA Alzdlel] WAL (FAHF %
A2d A, Rk A =4
e FrbekAl =Y 4E &
a‘%i HAEE Holok gtk o]& 243

Al A= 2ke] vane Abolz Bl A= 5 A
ks

it

A3 HH5r} =& ook gt
Fig. 82 F#ZAUBE Y MNEE W& &
_u.‘/] 7]—

o Q¥ =T w4

AW EE, F 4 barollX AT dHE H
=T ZoA 9 0“11‘1 Rt =53, fEx
WMEE 2 55 S04 dEe FopAl=
o, ol @0l oAz <l Fo] AHY
wEolth FEFEEWHEHE 100% EJS we &
Aol Ao 3 ¢HE IAs I FAF
Hol fAAFoz &3Pz FFAN &
HskE YA T, K FoA] Al 2E 9
48 HE5L A3 ol w2 Y
AN = o, Fa7F ZEEE F9o] S534
A &5 4 HEe oA
oAl Alx®le] AAZH JHMFLS A

solAe] b e eI ek <8
7
A

2 :E o | o

>

¢

Dy

A

X oo ¢ W oam o
S R @

o

3.3 XHoLHX] A|ARQ] Xi0f [OE wH
oy o BEI S

Table 3> AZHF Y]l F/-o
=0 £33 d-E vep Aok 2Hd A
A Alzdle] dbd g 3dFo Eeh &
%il%i—’?ﬂ 7V 8% A ARtk AEE(L)
537t AEA g wol]l AlFREQ2)el vl &
AT Atk 2y Feph 29 A AR
F@ol val o e BEsAe A G "
o} ol Z& Abe]=9] blade WA, IF M F
o7 Rt IHF EArt 7FAEA 7] wEoth
Gateway= 22 QHfstdAA ZFol|A9] §4S
7 98-S do ARFD)A g
gateway 72} w2 RPMS SAHst3th
Gateway”} 28 74, @5 B3 F7keh o
£} 1,080 RPMS Ve Uth WhHOl, gateway

4
o

Fl

o
Ho

=
o

Table 3 Power and shaft RPM according to
prototypes

Prototy Shaft RPM

pe Power w/o w/
(W) Load | Unload sateway | gateway

€)) 28 350 1,080 | 650 1,080
) 97 450 900 - 900
3) 4.6 10 48 10 -
@) 255 679 1,013 - 1,013

Fig. 9 Photo of power generation system and
prototype(4)
7t AARA % A = Gash vl A0

Z RPM< 65002 <F 40% ZHA3siTh
d F3 AFEFG)S dE 324 FA4

Ao A EFAUAR B©e /S 93 4F
3k AREO)F @9 Bls) o 13 2 AFE
ZtE blade® AA-AZSI AT AFEG)S A
Eo] HUE Z blade AF 2 A3t FA B3}

714 lower cashing®] F-Eo] 2= o] F=

HAHY. £ blade AHOZ <5t BEde F71s}
AR, s/ stz A 48/10 RPMO] Lok 7}
2 AL Fhe] o] MAEUL. ol AHRE
EdZ 43 2 bladed] AZE A & ARG
E fA HlE 2 ALES 58 1Hd AA

A= FEs] s opgit.
a8 Ak AREGE AFREQ)d § g2 T
A Age we7] S S Ede] 249

=S

1%

ZIASSY X M19d A1z, 2015 28 29



Kol x| AA—E X5t

B} 9] bladeE A A 23 slolBBlE &F b
olt}y, FR3p/Fslzel we} 1,013/679 RPMO.Z
7 B AYo = 255 WS TAAZY.

Fig. 9 7F¢ B2 d"E& #48% A&EG7
ARE A goliA A"l W AAE UERY

I AT ALFAHA Al2=EE A AR layout-S
FAHTE7+AC LRV 2 FAHAYS. ©F 7]
olul7} 319 F5718 Adste] FHT 49 2
kWH 21 dgo] 7hedris} AdHm F5 o
of tigk 77} dasit

4.8 B

AoUA AzEe HgT HHE 52 §
g EAo] B AT A= Ted »

1) 2k ARE01)S 4T, bladed] =& HE
2 2.1 barZ ZHAsFH oM, %—é.—ol 4.1 m/sE =7}
ol et A= EFAUAE Sk

2) Gateway’} 2 44, 3HE5E B3 F71
2} HE9 1,080 RPM, gateway’} 1S W= EZ
9} 3| AZ RPMS 65002 <F 40% 743+ Th

3) FA AFFGE TEE T AAe dY

2 255 W= 7} #Hon, 319 AFARTE &
xﬂ 5ol AE3EA Ak A EI}
RPM©] AA|&= Ao Fa3i.

2|

fo

o] =ELo F47|YA A /\]sg st A3t E
2 71E70 2 (C0135363) AL ol FAH Y
FYth Adel ZAERYL,

References

1. J. S. Kim and C. K. Lee, 2007, "A Study of the
Influence of Condensing Water Temperature on
Low Temperature Geothermal Power Generation",
Korea Society of Geothermal Energy Engineers,
Vol. 3, No. 7, pp.17-23.

30 e=EEHIAISSRX M9 M1=, 2015d 2¥

2%t9

=]
Ofn
ic]]
2
Am
2

2. J. L. Fannou, C. Rousseau, L. Lamarche and K.

Stanislaw, 2014, “Experimental analysis of a
direct expansion geothermal heat pump in heating
mode” Energy and Buildings, Vol. 75, No. 4, pp.
290-300.

. H. Hofmann, S. Weides, T. Babadagli, G.

Zimmermann, I. Moeck, J. Majorowicz and M.
Unsworth, 2014,
Geothermal System in Alberta, Canada", Energy,
Vol. 69, No. 6, pp. 578-591.

“Potential  for  Enhanced

. M. Bravi and R. Basosi, 2014, “Environmental

Impact of Electricity from selected Geothermal
Power Plants in Italy”, Journal of Cleaner
Production, Vol. 66, No. 2, pp. 301-308.

. 0. S. Kim, J. S. Choi and I. S. Kim, 2005,

“Analysis of Hydraulics Power Characteristics
according to Changable Design Conditions for
Francis Turbines”, The Korean Society for Power

System Engineering, Vol. 9, No. 3, pp. 39-43.





