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An experimental study on influence of wearing seal groove shape to performance of

the pump
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Abstract: This paper is related to the improvement of efficiency for high performance centrifugal pumps by
reducing leakage loss, which is achieved by applying the grooved seal as a non-contact seal to the pumps.
Various combinations of grooved seal types, including the spiral and the parallel groove in the rotor and/or in
the stator, were tested by the experiment. And the corresponding hydraulic performance and the magnitude of
axial thrust were measured and calculated for ten cases. From the results, the type with the spiral groove(spi-
ral angle : 0.98°) in both the rotor and the stator was found to be most effective. In this case, the head and
the efficiency were improved from the original design by 2.1% and 2.3% respectively at design ca-
pacity(340m*h), and the axial thrust was decreased by 10%.
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Figure 1: Schematic diagram of pump test

286



o
=

gl

>,
o
ofl

~

3
o
kst

K

2,
olr
=2
=
E
rr
of
ok
=2
)
L
i1t
kil
2
re
-

Temperature Sensar

Grooved Seal

| naacosss
-

, &8

Loadeell No.1

Loadcell No.2

Figure 2: Experimental apparatus of axial thrust
measurement
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Figure 3: Experimental geometry of the closed

impeller (Unit: mm)

Table 1: Experimental conditions

Design capacity (m°h) 340
Design head (m) 102
Rotor speed (rpm) 2,300
Density (kg/m?) 1,000

B

ox & mN i 32
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Table 2: Dimensions of grooved seals

Case D L C
No. Type |Shape| N | a(°) (mm) | (mm) | (mm)
1 | SS/SR - - 0 | 218 | 20 | 0.2
2 | SSIPGR | A -1 0 | 218 | 20 | 0.2
3 | SSIPGR | B -1 0 | 218 | 20 | 0.2
4 | SS/ISGR| A | 2053|218 | 20 | 0.2
5 | SSISGR | B 2053|218 | 20 | 0.2
6 | SSISGR| A | 4]098| 218 | 20 | 0.2
7 | SSISGR | B 4098|218 | 20 | 0.2
8 |PGS/PGR| A -| 0 | 218 | 20 | 0.2
9 |SGS/SGR| A | 2053|218 | 20 | 0.2
10 |SGS/SGR| A | 4]0.98| 218 | 20 | 0.2
Where SS/SR : Smooth-Stator / Smooth-Rotor
SS/PGR : Smooth-Stator / Parallel-Grooved-Rotor
SS/SGR : Smooth-Stator / Spiral-Grooved-Rotor
PGS/PGR : Parallel-Grooved-Stator / Rotor
SGS/SGR : Spiral-Grooved-Stator / Rotor

(A) Smooth-Stator/
Parallel-Grooved-Rotor
Figure 6: Shape of stator and rotor

o
=

(B) Spiral-Grooved-Stator/
Spiral-Grooved-Rotor

7}

pul

[«

%0 0 O

~

case5, case? % AMZeHHS 71X case4, case6

288



104 1.04
-
3 v
7 1 1§
o g
UI w
L 1 e 2
= W
3 101 101 ©
= ¥
2 8
§ 10 100 ?
7 ©-Head K
8 09 N 0% I
T Capacity: 340m3/h HEfficiency £

098 098

1 2 3 4 5 6 7 8 9 10
Original CASE

Figure 7: Head and efficiency ratio for various
test cases

o) ABE 3ol 10 olse] e puzE A
4 A GdTte] 245 Fo BAE B

= s

= hud T

slo] whAlEl= A Wk HE aakE s
A= el ofg A A7 gt o & A
< <4 Utk

Figure 8%} Figure 9% L& &°] 27 H = A4
zo| 7b wol AEEA e AMEE FS A
83k case29} case8, AA FHolA FHAT M
of 7F¢ a3t JdE AMEHe 4F YAHAES A

2

23} case67} casel0S casel®} B Elr] 9)ske]
FrFrtel ois g mEs 2= E JEkl
o AR E 39 AR S B caseldl] H]

£ ol
el

2 :
A H e 58 M3 case29} 2E]

S} 2ol F5ell A FHFS HAT case8 s

A ol B APH A7
115
& ]
g2
110 \\ﬁ
\
\_\
105 N
E
-
.__g 100 S casel-ori
O case? .I.'\\
25 \:..-.
£ case
case 8
a0 »-caseB
& caselD
85
[4] 100 200 300 400 500
Capacity, Q[m3/h]
Figure 8: Capacity and head curve

90

85 =

©
1 .

20 3

75
) @/
£ g
o
‘5 7 - casel-ori
=] /

65 i ¢-case?

0 casef
60 :Q

casel

55
& casell

50

"] 100 200 300 400 500
Capacity, Q[m?/h]

Figure 9: Capacity and efficiency curve
casel0 T Wsh= 7o) TdaARt &
J2 casel0°] 0.2% U] &% AS=Z Ho|=d] o]
= 2E 29 YAED 7 2eolg Zo uha
o] 3d Al HEaHE FrHEoR WAAA A
o) Q7 2o e R FAHF Agel &
#}= g3k oz welth

289

Journal of the Korean Society of Marine Engineering, Vol. 38, No. 3, 2014. 3



3 N W TTN RN G A o R K m W
3 ° H oo T oo W = < = ANr Bl zw oo ©
o X j— —_ — Joyat -
W oA RS T o T N mu o &
o A g e ﬂo%ﬂﬂﬂi%dﬁ@.m&v mtﬂu O
S g RMRTE W ey gLy ﬂmwmﬁm_z_ﬂ
- £ =Tz g M 8% TN, K Jog P T
T = k2 = 2 L= ol Eo#e]e]
8T 7 PO X Fade T T T o T A
FE S Ty 8¥agw® o H%ee%
R T B R TR
s€ § g JoWa B8P motbw w
2 a _1?41UEH‘EQ_SEJIEIOJ7IO Jlo w™ X0 B
\ ) poE®Rel T w gl T
b J Q —_— N~ = T = 0 o o O 0
DdE E Treguwp l BR 88T "F TP
/ - o~ w w0 3 8 ] k) N .IVI OE . ‘_t — e, ;ou_ = TS
/ U O 1l [} o b (@] UT_ T o ll e o ‘q_ol < ol ‘;‘_ — & b ‘&I
\a\a P S R T PO
# p — o o Ly !
o ¢ ¢ @ _ S WoE R R o WK gy N T oo L K
o o g W BFN TG  Faywy oS
2 3 g b R g 1 E k= ﬂ‘ﬁﬂ‘ﬁdrwwmiuaﬂﬂiuz.ﬂu ad%wumﬁﬂo
. ST e PR ooy ® 3o
. [N)I] B4 asnayy eixy S X SHEW W TN TT W jod )T AR
i
Wm (Tose>7y / .w)ones isniyy jeixy M
23353835588 = £ T ﬂm &m K ﬂﬂ CRCIY :J R T Y ﬂm o oF WX E M
444433833838 g 3m1%o_ = v]/oﬂﬂo P e BT = 0 o
= . S~ éo o o L S — Jl]EM_uIM_ul Lo
- 5 SEFRLzp SRR e P ®B e p 8w
L R I A T L N I N e Y
= £ 2 Pgw R85/ ToE W om oW —
= oo 153 o_Ha 0 ps —_ ]U‘_I‘DJI 6N
£z = SN - O N g W H oly N TE Y B =T o
bl g TV pEkrataid Redwes w0
= = o 19 (2R —~ i ]Mﬂ.]ﬂ
o = WIERELAS LT AR TR Yo
T — o 7, e %%ﬂuﬂ% L T
2SR e Vg TR gy el xEPae® 5o d
- L EN e e Nukgmaerzo
il - B Moo P X o S E N oA mow @ 7T e
2 - M P E ooy = wm = N o W s N z :ﬂ - )
£ « = — 7 o wK ~ = T o
g m moAmmnuixa_Eﬂ@nnx _wmwmﬁﬂdrﬂmu1§umow¢
§ ~_ T gy §Cdmes P EE_2pTeddsm
3 8y wsSsgrligmTie M YOS T S
szys2s833388 ° o 8 __A_.eB_zM_._/oﬁﬂAl_zT%mo%.mamﬂ mﬂua_zfﬂlﬁoioﬁwe
1111|0000000 WU‘.M _K;WATaﬁ%ﬂﬁaﬁ_z?%oo‘Mop% %Eﬁﬂulﬂlﬂ‘ngﬁﬂﬁw
(I25E2°H / Hioned pesh L & N LENGRA T T W BTN
™ ool 8 % ol AR N R AR B B TR o ke T OE T N

290

Figure 11

sto] of=dedl

[<)

1

il

Journal of the Korean Society of Marine Engineering, Vol. 38, No. 3, 2014. 3

o



o] FEASS H 25% MAHYT 2FHS F
o 10% A== Z37F Aok

IR B B B S e N - I i
&E AAE & B Az Fol FEA N B S
F2 Al o axs olArh

3) ZH ol & AS A8 A9 Yas
7MWl F Aol B F Aol vt A
& Al w2 8% Hd 1% o P HA
3 FFELE HY 8% t] AT 2t Al
w Ue Fo ol FAolgte YA zte] S5
o &4 o]t

4) YAz MHF AR ZE S} 2EO]H 4
2ol 1padzto] 098 ° 91 4% AbzF v o] b
=5 A8 A7 Fol e A9 vaste
A7 FEel A FEY as&S 47 2.1%9 2.3%
AR FFHL 10% A7EHo] AR =
714 a4 oAt

Z A

[1] H. F. Black and E. A. Cochran,
and hybrid bearing properties of serrated seals

pump,” Presented at the 6th

Conference on Fluid Sealing,
Munich, Germany, G5-61 - G5-70, 1973.

[2] T. M.  Ono,
“Experiment of static and dynamic character-

“Leakage

in centrifugal
International

lwatsubo, B. Sheng, and

istics of spiral grooved seals,” Rotordynamic

Instability  Problems in  High-Performance
NASA CP No. 3122,
Proceedings of a workshop held at Texas
A&M University, N92-14361, pp. 223-234,
1990.

[3] T. Iwatsubo and B. Sheng, “Evaluation of dy-

Turbomachinery,

namic characteristics of parallel grooved seals

by theory and experiment,” Proceedings of the

Third IFToMM International Conference on
Rotor dynamics, Lyon, France, pp. 313-318,
1990.

[4] S. Florjancic, Annular Seals of High Energy

Centrifugal Pumps : A New Theory and Full

(5]

(6]

(7]

Scale Measurement of Rotordynamic
Coefficients and Hydrauric Friction Factors,
Ph.D. Dissertation, Swiss Federal Institude of
Technology, Zurich, Switzerland, 1990.

T.-W. Ha and A.-S. Lee,

tordynamic analysis of spirla-grooved pump

“Leakage and ro-
seal based on three-control-volume theory,”
Journal of Fluid Machinery, vol. 24, no. 1,
pp. 14-22, 2003.

T.-W. Ha, “Improvement on prediction of cir-
cumferential-groove-pump seal with CFD anal-
ysis,” Journal of the Korean Society of
Tribologists & Lubrication Engineers, vol. 24,
no. 6, pp. 291-296, 2008.

D.-J. Kim, S.-S. Hong, C.-H. Choi, and J.-H.
Kim, “Axial thrust measurement of fuel pump
for liquid rocket engine,” Proceedings of The
Korea Society of Propulsion Engineers fall

conference, pp. 358-362. 2005.

Journal of the Korean Society of Marine Engineering, Vol. 38, No. 3, 2014. 3 291





