S F2F 83 20109 FASEH 3] =&3F pp47~53 2010 KSPE Spring Conference

75w HEFZ FAA 3 A Ao A A¥

Inter Propellant Seal Performance test for 75 ton
Class Turbopump

Seong Min Jeon* - Hyun Duck Kwak* - Min Joo Park* - Jinhan Kim*

ABSTRACT

A performance test of a 75 ton class turbopump inter propellant seal is conducted using water to
evaluate leakage and endurance performance. Each fuel pump side part and oxidizer pump side part
of a prototype inter propellant seal has been tested for verifying endurance performance during total
accumulated test time 2,100 sec in water. The fuel pump side part with 1 stage carbon floating ring
seal shows average leakage rate 13.7 gram/sec under average seal differential pressure 9.4 bar. On the
other hand, the LOx pump side part with 2 stage carbon floating ring seal shows average leakage rate
7.3 gram/sec under average seal differential pressure 9.5 bar. After the endurance performance test,
the inter propellant seal shows good physical condition. A cryogenic leakage performance test of the
inter propellant seal will be performed using LN2 in the near future.
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Fig. 1 Schematic drawing of inter propellant seal
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Fig. 5 Inter propellant seal test rig layout
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Fig. 6 Schematic drawing of performance test

[
L
fu)
=
kl
pass
+
o
™
2
Pt
o
ok

49 WRAPE BB PP F9E WS
g YT B9 FIE Yo A8
Afd 27 B9 $30] AAF W F7ke] A
Y FAE ATT AGE F A%A FH 4P
9 7 BAL Fael MEHE AP HA
FE2 2R3 Ak Y FAY s 1A
A28 Aol ool

(permanent magnet synchronous motor)Z ©]F
of Atk AW7 B Bl AXY 4y 2 exe
e AN 2 AYE o g8t SASA

32 &5 AE

d Ae NEe FFE
ZHE BAF 2RCAA FRFeEHA
h

st FHHAY. F



T2 AEAIZE 2,100 2= BEHPIZT A Q7%
A9 13 A7 210 29 AT AZE 1
71o A" F 1039 AFS Tt AR
Atk 13 AP A7) 60 2= A £%7) A
A7l FFE wolg o A HEE A=
HAZ AF AP T Wy AES 31eistd
6022 HAA3A

FAA 5 3R de ASHE FL2 wET
A FHE E2E Aol 1] FFE R9ZA
7M. Z2E Ao 3/ FFHE ASAEEZ =
Hoh Fdgo] B8 FoF oFEHo 470
2 Ago] FHFHATY. FAA &3 wA A A
o} dF9 A X¢e 900 kPa ooz A
o] AARG 715 2AS R =3
A E3 A Ao v 43S AP FH A
9 Ag A7t AlE FE AZEESE wWiE ¥A
of FAE F TAFS AF ¥ A AlF
T3 AESt AFH FdFgom etd
Atk A A 44 IH £5F FA5a
474 A 2SS FAS7] Aste 7hske] ol F

=
-
oX,
olr
>
o
=2
R
I\
ol

€ 2 ] Ao dsEE Fad 4)
A §3 Yelz g % 3539 787
HYTE As A8 B¢ dags 2y A x94e
9.25~9.5 bar?] WHWel AAHFHAOH, HFZ

© =2 936 bar9] A A4e YEWG. A 2qtol

e FA 3 BA A ds@Px R w4
&S 11.77~15.85 gram/sec HAW S FA&
ZHA™, FaHSZ 1371 gram/secd] A T4
frEFs veEit

o FA FF 1371 gram/sece AEFE
AA FEF dE 0014 %=X, FAA £ 3R
Ao rd el ARPEZ AA FFel wiste
FAYE wF ZAA dEhg wrEdeet 8 A
& BAFA USE AT F Ao ds@=
AA FEFe 344 FHAEEA 11,000 rpmell A

0.1 % Fuel pump flow
100

Test speed : 11,000 rpm
Test DP : 936 kPa

80 Overall elapsed time : 2100 sec

@
=
T

—®— Leakage rate
Average leakage : 13.71 gram/sec
(0.014 % of pump flow rate)

Leakage rate (gram/sec)
8
T

N}
=}

o0 2
o-0-0-0e ©-0.0-0-0%490. 4 0.4.0" 09 0-0.0.000-0-0-0-0.0-0

[0/ O U U Y S S SR S R
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Elapsed test time (sec)

Fig. 8 Endurance performance test of inter propellant
seal fuel pump side

ol
- o
3, o2
o £

> =)
> ¢ )
o
t A
o of :qm
oL N
)
=2
Ty
-
. -
£ >
> oL
)
=]
B
- :lO
ox & BT
N "
2 4 o,

stlsklth. 2100 =9 FRE

9 B QA EF BA A9

i
o
o
re
£
o 4 & o

ofr dle
o> e,

[ oox 32 oY

4

Ju
ot
)
ot
il

ofr ¥
>
%
2y
| X
_\ﬂ N i
ig‘_L‘.,C‘-r'
o>
F‘-\.L
R
o
Py
offt
rO
£ o
o
& o o ox ro

% [o
N

o R
>

ol X
ot
>,
)
")
£
o
ol
=
>,
o

&3]

aq

[

@

©

f
P
Hu
L
o,
> =
o
oX,
olr
>
o
>

v

o

=
ST
X9,

£ '
ol

1

ot

3
9 oo g
R

U foox

o [k
£ o

& 9.42~9.58 bare] HMWl dHHALH,
AT HOR 949 bard] A A4S yEbloh A
2pqto] mE FA £ WA A ASAFEE
Ho] 74 F3FE 6.22~858 gram/sec H U<
FAE JHAY, HHHOZ 734 gram/secd] 4



L FRA B YA Al Table 1 Endurance performance test of inter propellant
I B 1k Ao H]a) seal
o

e dol A== 7 A | B¢ | @7 | AaT
B v FEFS AdREE B9 vuste] frAb A | A | wAg | AAE
st A AgteA AW ER BATS & F (sec) (bar) | (gram/s) | “JH
deg=y
o T 2100 | 936 13.71 F5
(1=
At A g =R _
0.05 % LOX pump flow ST 2100 | 949 7.34 F
@
[ Testspeed : 11,000 rpm
70 | Test DP : 949 kPa
r Overall elapsed time : 2100 sec - — ) - Ao B
0l FRA &3 A Ao isiAEE K 2d g
5. w E2Y 9 Ao gaNe 2z A A W
: ol e T4 4% NEL FAs ARE
i Fig. 1091 WeRARIch 32 3@£E=Q 11,000
E 0oL ;'—Lelakakge fa‘e7 . rpmol Al 4 X%+ 2 bar, 4.2 bar, 7.3 bar, 9 bar
o verage leakage : 7.34 gram/sec - N - N
%20_ (0.005 % of pump flow rate) 2o vl 2o disted 27 23]9] A5 AlF
o - - - -
37 2 Eoo TAZE SR8
R :.,'~o......—o---o-o»o-"‘\._._._....._o-o-o-......g-o---..._._._.,o-c
0 chJo ' 4(I)0 ' 6EI)0 0 '10|oo ' 12|oo ' 14|oo 0 18I00 ' zoloo 8 1y Carbon floating ring seal : 2 stage (LOX pump side)
. Test speed : 11,000 rpm
Elapsed test time (sec) 7H TestDP  : 203 kPa~913kPa x
Fig. 9 Endurance performance test of inter propellant g °
seal Lox pump side Es o
=]
4
S
P FA F% 734 gram/sec> ASA|E = g s
- - - [
AA FEF dE 0005 %EA, FAA £ 2R 3.
3
Ao 4 fakol HHABE AA Fd s 1
o BAG wE AA deh} uEaud A o -
0 1 2 3 4 5 6 7 8 9 10
}é}o:"% EI_O:]—Z,‘_]T_ 9}‘%% 21?_]@' —}F 2,11:]' }‘\l'ﬂ-x'“ Seal pressure difference (bar)
sz A o o) S 4= f i
H= A F3FE AZ FgALEE2 11,000 rpm Fig. 10 Leakage performance test of inter propellant
oA A akh Aujde] thste] oA = K3 seal Lox pump side
& A R SR 2ACNA BT @
frFolth. XA 3 WA A9 AsiAgE=E 7 Aty A At AP ZACME FAH] A
W A A8 = A87E st AlAIF Holl wet #Bap glo] A YElgey, 1t
WE &9 AAE FAF AR obRH o] o A A AW AL FHFe] Aol
A et FokaS EdstAth 2,100 29 R/ wet od AXE JEHT 7 F2Y 3 A
37 W Ae Al st F3A &3 A 4 2 e A B JHAFoNA Bt JH=
o AFAPL Rt ABHA AFBL FAd  Be] 13 FAFORA TAFL Aol
Ak FAA EF WA Ao FRAF WT A4 Hed, nge 8 AG 2A0HE AR 224
5 APl te A%E EE gesd oest @ A Wy wd 94X o Agnig o
2tk B84 ga FAZUu Ao By E7} ha



)
ay)
(.
&
o
N
lo
2
_>|~1_’,
°
>
i)
r o g
fo
fr
i
f
o,
<]

4. 4 =

FAA &3 UA AL ARFEZ Fo} A
B B 77 wH AF AR 2,100% % FF
&7 W e AlFol o]Fo] Hu. 199
7HE E29 © A2 748 d5EE F= W
T 8% A Fd Hd A ASE 936 barelA
B FA 7 1871 gram/sec®] ZIAE LA
o AP & AAF dHe JEsd v,
2re] 7k E2Y ¥ A= A" AsAE=
= W de AE st B A A 949
barel A B 42 % 7.34 gram/sec®] Z¥}
S dden A F AAFS deEz R
AR s dHE B

FAA 3 WA A AsAg = 7 2d 7}
2 22 ° Ao deide #7124 Ash ¥
stoll e T2 A AFS Fds] HEPZ
s 20 Wt wE vAF A5 A% A

=)
i)
b
_'>;
b
9‘&‘
% rir
FT"

Dol o
% o ofl rfo

O

i
oX,
ofr
>
i)

ol ol 4=l 9l
9 Aol ek dA W
| g Bl e AAE A%
Fold oot

o IH -r
N>
o >

4

H

7}

o]

ik

f o

O
rot

Kim, J., Hong, S. S., Jeong, E. H., Choi, C.
H., Jeon, S. M. "Development of a
Turbopump for a 30 Ton Class Engine,"
Proceedings of the 43rd AIAA/ASME/SAE
/ASEE Joint Propulsion Conference &
Exhibit, Cincinnati, OH, 2007, AIAA 2007-
5516

Jeon, S. M., Kwak, H. D., Yoon, S. H,,
Kim, ], "Rotordynamic Analysis of a
Turbopump with the Casing Structural
Flexibility," Journal of Propulsion and
Power, Vol. 24, No. 3, May-June, 2008, pp.
433-436

T4 AdR, AR, AR 08T o
AZANNE HERFZ AnjdAY,” x5
2583 #, A13@ 33, 2009, pp.20-26
A4Y, #EY, 249, R0 2FY o
A ZA AL HE

A A=dTeFEIA,  Aed 7%,
2008, pp.688-694

298, A4¥, YA “nFY Hug
224 EF BA A A dwagets
A247A 6%, 2008, pp.349-354

A4, #3Y, ¥aF, A3 “75EH H
Bz 7IARYE A AF As AR &
=588 3%, #2574 335, 2009, pp.187-191





