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ABSTRACT

Turbine rotor-pyrostarter coupled test was performed for the verification of thermo-structural
suitability of a turbopump turbine. Newly developed solid propellant and design concept were used in
pyrostarter development. In case of turbine rotor, rotor configuration modification and post EDM
machining process are adopted in rotor manufacturing respectively for the thermal stress relief and the
surface integrity improvement on the blade surfaces. In the test, combustion gas of pyrostarter was
directly ejected from the nozzles and impinged on the stationary turbine rotor specimen through the
identically shaped flow passage of turbopump. Three kind of thermal load - design to extreme

condition - test were performed and no damages were found on the turbine rotor specimens.
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Fig. 2 Damaged 30 ton turbine after the test.



H18? HN1& 2014, 2.

E=EE Eylo| YTAN HEY A
E{¥I=E-THO|ZAIS 7| AAAE

o o
A58 98t

= 67

Aol A BRIEY Ao E4o] yegten
AL7t2~7F AYdeE BE 999

Atebzh B2 ATH4]. Fig. 1
E4d HEA A S _u;_o:]_,qu AAXNFL HE
golz AlF7] Hsrle] ¥ ddstr] A
o] Folxl Hsl7-AH AFEHE FHsk He
A HAE gEe] fRle2e HEFE s}
Yz, darkze) fd 9 2, a8 BHHE
B 73R E$Ad(poor surface integrity)©]
A" HJen ol Hd MEAES T5Ew
gol2 Al57] 9 HH el A5 whgsiaith

22 75 IR To]2 A7) 7 6-]
758 ARXE Folg AFre Aig

3
A 2354 AEL AAE FJ&3Ac 4
Aade F FFste] (120-150 bar) A4hEE
£ Eolal FHAS Fo AF7Y AVE =<
T A=E Ao
A&7 EFole g (rupture disk)S A&
e o2 a A2 HE FFoerw A
A1 A3t} o] FoAAA HAeH, Hap Al LA

ste 2 2% va AR 9 sEHA
FAA = 0= A7 e =4S AR
S3ith AN AFsHAlE wjAletaL, oA 4kst
ARl RDXREE AREato] AbshA] =4S #HAa3t
g A A RS ol F2 54
< AYd DHG (Dihydroxyglyoxime) WZA|&
O ARESHAT AT AbskAlE Bestr] Sle)

propellant |gn|ter

initiator
nozzle

-
k
P ) el

Fig. 3 Pyrostarter of 75 ton liquid rocket enginel8].

a9 A 7FA&AQ] TMETN (Trimethylolethane
Trinitrate)} BTTN (Butanetriol Trinitrate)S &
£3l¥en I BE&S 30E AlE7]o Hd)
Wz =35 oldd MR 24 daxd
AggoaN AhEE, A, Hsli=E,
e T T Ve dAEC] fAHIL
o DAPATE HF Fole FdE FEY AL
=& FE3AY. Fig. 32 MNIH 7B5EF o
N Fol2 A F7|E HoET

re o S

1

N

23 75% B JE3 9]
A sfto] o] Fojxx 3

)
2,
=
:olﬂé
K=
1%
ox
S
3R
o
ox
o
B~
[0
ok
fr
Y
fru

o,
oo
i}
=
0
|
=
i
An)
=
H
)
oo
L)
ok
(B s [o
N O
N oo

o,
N
[>
(m
o[}l
=
2
&
5 L
< om
& ¢
él‘li‘
Mo
ok =
o
2§
=
o ‘
w2 lo

Fig. 4 Turbine blade : before (up) & after (down) RBG8L.
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Fig. 5 Turbine blade: before(up) & after(down) AFMQ].

Table 1. EDMed surface residual stress comparison.

blade| post- surface
MO | mach.| mach. stress* comments
surface rough.
1| EDM| - NA | +768MPa '3 op,
Rotatinlg surface rough.
Barre : 1.0~ 04Ra
2 | EDM | Grinding | "694MPa lysed” in  the
(RBG) current test
surface rough.
3 | EDM | ARM™ | -624MPa " 95 07Ra

* Measured by X-ray diffraction method. -/+ signs imply
compressive/tensile residual stresses respectively.
** Abrasive flow machining.
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Fig. 7 Turbopump speed development(1].
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Fig. 8 Heat load on the rotor per 0.1 second.
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Table 2. Test conditions.
Test| 7 noz*zle Comments Pyro-
flow starter
Assume  heat load s
Test| 1670 proportional to combustion EM-08
1 7" lgas flow rate. Nine bypass
ports are opened.
Assume  heat load s
Test proportional to combustion

5 23.1% |gas flow rate and adiabatic | EM-09
work. Six bypass ports are
opened.

Test All of combustion gas flow
3 100% |through the nozzles. No |EM-10
bypass port opened.

* Defined as mass flowrate through nozzles divided by
total pyrostarter gas flow.
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Fig. 9 Pyrostarter-turbine rotor coupled tester.



70 o® - YMET - BRI - oYyl - oS - YIB  BIRITHX|

T

o

N
Lo

9] 6Hj 9 —,43‘}7} 7}3]]%]5 As-ol 3gs

N
[=}
=}

@
Q

% _z_x*o‘]-?\i o XE AlAe FF B
Fig. 9o YERH AT

@
Q

LML LI L L O B I B R

1

o

Chamber Pressure (bar]
N
o

20

4. AgZnt 0

1'I'ime (sec%

2 ARl AREE deolE2 AlETIe AR
(EM) 08, 09, 10&7]°]™ EM-04%7] B &4
g FZAE AFESt Qth. Fig. 102 o]
AE7] Axa by =4 Tz Hlws 1Y Table 3. Pyrostarter propellant burning rate.
- = = —=

olty, AAAIF Test 2 (EM-095)9] 2% A4 EM-04|EM-05|EM-06|EM-08|EM-09|EM-10

Fig. 10 Pyrostarter combustion pressure.

Jal

=
N del
Aol SAFHA Yol o= FTHEHISY mode - - - |test 1|test 2|test 3
fuUZc A 2 =F/A)%7] BEHFow g burning rate
s CRE =/ ] ] 4 (mm/segcond) 7.00 | 697 | 671 | 66 | 714 | 7.14
A dAAge AAAEJ] FE)] AoZ #oy @2000 psi
Aot 2¥8S HW Test 1 (EM-08%)2 o A
AAFHRG g 2 e, Test 3 (EM-105)2
O =2 4EE YT o ol 5YA 1400 1
oz &Y F74 dasw 24 dolds & ¥ f
g f
Ae AFE HoFETE (Table 3 2F). AW grogo
Test 1, 39 =45 AxE F3A AzANA 2 1
R i } £ 1000 il --—--test 2
A FFHR] E3 o] FHH AlF A & He  testl
57 Azt ARHOR oFoln Ao B > i
SZ)\E]— 800 T T
: 0 1 2 3
Fig. 112 A1g7] fiyZ=oxy A" dAav) time(second)
2 258 Hud agoz FHU%(1420K) ¥ Fig. 11 Pyrostarter gas temperature comparison.

S=AE0l Al AE EF FASHA UEE .
Fig. 12+ Test 39 02% t4 mg/\}x]o]:q
Fig. 1391 A@3d3} Al@$-9] AJdSS vlast
At Aol s e AN 23} E#
of deo} foz HAF # e E4L
WA A FdTh AIFAIHY A Fo 2
AoRE  #Adsyl #s) s3=E FPI
(Fluorescent Penetrant Inspection) ZAA}A =
A TAHA der Fr AHAIAE
Ay AF o] AEZH(HRC)O] 40.2~42.5°] EFE3)
2 ol wATY £ QY. FuZ A EAs Fig. 12 Snap shot of test 3 (0.2 second per frame).




H18? HN1& 2014, 2.

I e
E{¥I=E-THO|ZAIS 7| AAAE

sg st

= 71

Fig. 13 Turbine rotor specimens, before test and after

test 1~3 (from the top).

2] E A|HAA] Inconel 7189] HRCE 36~44
j

Axolth. AFAF 4o APuas 93 &
v F ZEAIE olthe] 3akd ko] ®in
o A, @75t SAYE Test 3 AlH 9
e =Egoz el WP (0.015 mm PlYHE
Aot &4 gidtta & & glon WA
g Wy 9 FFF HRlA JeEdE A3 A
Q 9wy 2] YHow REHOR AAE ZH
Al wdel sl =83 e ZA onst
gle Aog AEANAG

5 Z= gl st

o

A=

ok

B AANDE Fa) 75E solZ A7
3 Ewe) Ay AHE P AP ATEol
HEHoe FYHYSel FATU AR

ol @ve 2A2 2@ A Add A
AGelA HUZEAE HA 0EF Hul 9

o Atk = FEALA 3HE TEH HEEEZ H
ol M= B AAADS Td7 2AE T
3 d7EAd HSAFE AL Aot

References

1. Jeong, E., Lee, H, Park, P.G, Hong, M,
and Kim, J., "Research on the Torque and
Starting Characteristics of a Turbopump,"
Journal of the Korean Society of Propulsion
Engineers, Vol. 17, No. 1, pp. 35-41, 2013.

2. Yoon, SH., Jeon, SM., and Kim, ],
"Transient Thermal and Structural Analysis
of Liquid Rocket Turbopump Turbine,"
2005  ASME Transfer
Conference, San Francisco, CA., USA, Jul.
2005.

3. Jeong, E., Yoon, SH., Moon, S.D., Kim, ],
and Seol, W.S,

Turbopump Turbine Development for the

Summer  Heat

"Current Status of a

Improvement of Thermo-Mechanical
Reliability,"
Technological Trends in Aerospace, Vol. 10,
No. 1, pp. 154-161, 2012.

4. Jeong, E. '"Turbine Rotor - Pyrostarter

TR-13534-PA30000-0005,

Research

Current Industrial and

Integrated  Test,"

Korea Aerospace Institute,
Internal document, 2005.

5. Hong, M. and Han, SY. "Present Status
and Prospective of Turbopump Starter for
KSLV,"  KARI-PCG-TM-2005-002,  Korea
Aerospace  Research

document, 2005.

Institute, Internal



72

o[&7]

AL
o+ - Yz

ro
ro
y
I
>
OH
19
on
i

6.

Hong, M. and Lee, S.Y., "Deveopment of
Pyro-starter TM," KARI-FLT-TM-2009-002,
Research Institute,

Korea  Aerospace

Internal document, 2009.

. Song, J.K,, Choi, S.H.,, Hong, M., and Lee,

SY. '"Development of Propellant for
Turbopump PyroStarter," Proceedings of the
2009 KSPE Spring Conference, pp. 7-10,

20009.

8. Choi, J., Song, ]J.K, Choi, SH. Hong, M.,

and Kang, S., "Study of Solid Propellant
for Starter of Turbo Pump," Proceedings of
the 2013 SASE Spring Conference, 2013.

. Jeong, E., Yoon, SH. Moon, S.D. and

Kim, J., "Study on Stress Concentration
Relief and EDM Recast Layer Removal of
a Turbopump Turbine Rotor," The 12th
Symposium on  Space Launch Technology,

KAIST, 2013.





