st=of2lodl X U o2 5t5] x| 313, M6Z, pp. 687~693, 2007. 9 (ISSN 1226-9549)
Journal of the Korean Society of Marine Engineering

CFDol &)8 49549 F=mE 2 WE-aE o4

CFD Analysis of Pressure Pulsation and Internal Flow
for a Positive Displacement Hydraulic Turbine

Young-Do Choit * You-Taek Kim* - Young-Ho Lee**

Abstract : It has been known that one of the main obstacles of improving the
performance of positive displacement hydraulic turbine is pressure pulsation which
occurs at the regions upstream and downstream of the turbine. In order to suppress the
pressure pulsation, occurrence reason of the pressure pulsation should be understood in
detail. Therefore, this study aims to establish a CFD analysis method by which the
phenomena of unsteady pressure pulsation can be examined with high accuracy.
Internal flow field of the turbine is modeled simply to generalize the relation between
the pressure pulsation and internal flow. The results show that the present CFD
method adopting unsteady calculation can be applied successfully to the analysis of the
phenomena of pressure pulsation. Occurrence of the pressure pulsation is due to the
difference of the rotational speed of turbine rotors. When driving rotor rotates by
uniform speed and following rotor rotates by wvariable speed, very large pressure
pulsation occurs within the turbine periodically.

Key words : Computational fluid dynamics(4-521998}), Positive displacement hydraulic
turbine(£#¥3}), Pressure pulsation(¢&%%), Internal flow(H12#%5)
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(a) Rotor’s shape for experiment
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(b) Rotor’s shape for CFD analysis
Fig. 2 Comparison of rotor's shapes
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Fig. 4 Automatic grid transformation
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Fig. 7 Comparison of CFD and experimental results
for pressure pulsation

400 — . 0.1
0.08
)
a
=
006 =
2
(%]
£
Average pr.essure 0.077 MPa lo.o4
— rotational speed
—O— pressure
L 1 1
2000 100 200 0.02
Time [ms]

Fig. 8 Rotational speed and pressure of the driving
rotor

0.2 wrl2n

0 0.1

Fig. 9 Comparison of pressure pulsations

YANF % BERF A 2
S onz, 9FEAY 2717 GE A9l Az

A#T Fig. 79 &4 Bol3 Sivh FEA)e 2
717F ©2A =3 249 ZEs 5]
oM ko] Ao7t YEE RS OJXJS;
AAT, AXAT= A9 FI]Holn £4 o
Atolo] e g Y & zlolg Holx

f

==

4.1.2 &3 FZEEAA JAEEY JFS

| Fh A e A
=

e -
Y o i B A )
> oo Y e E ook N

1=
=3

b
= 30
o
o

o
oft roh

ol
2L
N

% wels, Fig, 108 &4
o mEld RAAM o] 7}A
SF 2R ) TR Y
o thal Al w1 gdA
I UAHEY EAE
e 27 £ Al
ﬂ°1 Y JFFAENEY TEARE Q

T §7) Wi HAFF Q=
Q= Vyn/60E ©3 Aol Ho},

T

gavtd Yol atal A A31H 6, 2007. 9/ 691



St 2o Aske ARWE FYA WoF A4S W
A AZgkel A% el woigel A v
o og ok7re) £AEAT EAetH o 4RI
7 AAEEN AASFE Wgol 7] YR EE

gy 2y, Ak HlaE 2 Egee
3|

“
29 Aol AFa vy Fos
2

[—o— steady sinmlation (¢ =0.05mm)
—— steady simulation (¢ =0.1mmy)

I—— unsteady simulation (¢ =0.05mm)
2=-¢— unsteady sirmilation (¢ =0.1mm)

Q/Qu

(¢, — is tip-clearance)

Velocity {Vector 1)
L [m s*-1]

002 0.4 Y3
Differential pressure, Ap [MPa] (a) Velocity vectors

(a) Leakage characteristics

Rotational speed = 1000 min" ’

Efﬁgency e
S o
>
o
Torque [Nm]

@
[
°

—0— —&— Exp. ¢~0.06 mm o
—&— —4— CFD ¢,/0.05 mm o) ‘,\@:1«,% .@"f\i‘z_,{\"’?f;b’;e &
- C‘FD ¢, 0.1 mm ?

N :
0 01 02 03 04 ::r:ssure (Contour 1)
Differential pressure /JP [MPa]

s
)
V6741 %
N ©
¥

<

(b) Pressure contour

Fig. 11 Calculated internal flow field of positive
displacement turbine

(b) Torque and efficiency characteristics

Fig. 10 Comparison of unsteady and steady CFD
analysis

692 / gsmtd Aol as]x] 231 6%, 2007. 9



CFDol olg &35 g 4 HRfis 34 57

C N S R
11(b)el wolw itk AHRzel )

=
<& ZE S Aol Atole] dudel] &A 7}
3
o

(s

Al Bol wet 47
gol Weirte 2Ade $47t 853
HE €7 55 gHg YA v

GEoE WP % & vk

5.2 B

A Fae WiFEded dg CFDaN S +
ool papfFoll A B st ghulEe] Ul %
U 5ol tetd FAsA e, o+
I A AES dTh

L &4gsx Wil v Aoy 343
Z2E e e Wt WE 5/ F5F det
of CFDai M & 2&3to] wjgddele WiEs
< G APE 5 Ao, AFAAAFE
S AAAE S Ao o v A
ol ek A=E 2A T F A5 AU
Ak,

2. dgHFe AL 5 2 o3 3
&= w7l F2¢ dJAdE s

3. &Y AFEME T AW FEEE
< 2Ad W5 2 FE7 AFAA AE FAGAT
Zgk, 2o R g 3t A AR R e
Fo FUGEoR {FAHT

[1] N. Kassai, S. Miyauchi, A. Takahashi.
‘Development of Hydraulic Turbines to
be Installed in Pipelines,” Proc. 23rd
TAHR
Machinery and Systems.
Paper No. @ F312, 2006.

2] EAES, "4 7 0F -7 FKEDEEEAL
IZBAT B BABEMITE LN T8k ik it
fram=, 2004.

[31 D. Scott,

Hydraulic
CD-ROM

Symposium on

Microhydro Clean Power

from Water, New Society Publishers,
Canada, pp. 57-66, 2003.

[4] AQE, o35 "mola R LAY ate] gl
T A dFutdAdA oY A, A 30
A, Al 2%, pp. 284-290, 2006.

5] AGE Tl Az 4 Fabe ZUFUEA
of el FAE 9 AFHAAAT oY%

A, A 304¥, A 235, pp. 291-295, 2006.
[6] ANSYS Inc.,"ANSYS CFX Documentation,”
Ver. 11, http://www.ansys.com, 2007.

Y= (EKE)

19704 6HM, 19964 st=s el
JAZE T B, 20088 23 si0lEe
CHSl ohate  SALDIE S R(BE AR,
199611 ~ 190814 CHSZZU(F) TBAf
o= Abel 20034 ~20064 2@}
=c|st ST T4, 2000d-3
X erRahetthstn ArStEECt ol e
olT ot AT, AT,
PIV, CFD, F&7tA[&t

0

AT (&HmiE)

1963 284 1990A Sh=sl ko 5t
JlaB ezt ZUBEA, 19%6H o=
sichstm  chEral BUIEALA,
200041 2 RABAC chstel Zef
(SEHEAD, 1900 ~ 19934 SKaf2 o

4

Q

Ao, 20004 ~2001d & R
CHEF SVBL ZHAL 20019 ~3ix| st=5
Ao etm M EGHACHEL T{EA AR

SHe), Cats ZAEE - HEZH)

[

OlE= (FHE)

1058140, 1986-198014 A SZch3t
el 7|AS et ST A ¢
shEsiLisim | ANE S u,
20003-2001.11  Z=Ad3H 27| RbRj & 74
B %, 2001.12-20085 (M) s=z=M7)
AT ECHRIF, 20065 SA (Af)
HEUT ST RHATY oA

oot Ax o] Pahs] x| A31A 63, 2007. 9/ 693



