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ABSTRACT

A turbopump real-propellant test facility(TPTF) is to verify the performance of a turbopump
unit(TPU) based on liquid oxygen and kerosene. One of the most important sub-facilities is a hot-gas
generation system which makes the driving force of the TPU with an alcohol burner. The alcohol
burner generates the required flow rates and temperature at the facility using high pressure air and
ethanol. In the study, the verification tests of the alcohol burner which was manufactured entirely
with domestic technology were performed and fabrication technique and operation skill for the burner
could be obtained ahead of the construction of the facility. Two burners will be operated
simultaneously for the real-propellant test of 75tf class turbopump and satisfy the power requirement
from the turbine of the TPU.
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Table 1. Specifications of alcohol burner.

Fluid Flow rate | Pressure |Temperature
(kg/s) | (MPa) (O
Air 5.8 13.0 Normal
Ethanol 0.2 9.0 Normal
Burned gas 6.0 8.0 627
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Fig. 1 Technology demonstration model(TDM) of alcohol
burner.

(d) Liner(dilution nozzle)

(c) Reflector -

Fig. 2 Main parts of alcohol burner.

Table 2. Specifications of the test facility.

System Specifications
Parameter Value
Alcohol Flow rate 6.0 kg/s
burner Temperature < 750°C
Turbine Diameter ?35.4 mm
. . Pressure 5~6 MPa
simulation -
- Pressure ratio 18
orifice Temperature 627°C
Fluid Air
Oxidizer Capacity |40 m’ (32 MPa)
Dew point < -40°C
Fuel Fluid Ethanol(99.9%)
Capacity 90 L (27 MPa)
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High Pressure Air
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Water Tank

= To ATM
Starting Valve
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Starting Valve
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Fig. 3 Schematic of the alcohol burner system.
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Fig. 4 Installed alcohol burmer and turbine simulation
orifice.

Table 3. Setting pressure and temperature limits for
the performance test.

PAR Operating ..
Mode | Fuel | Air Time T—ilémt
(MPa) | (MPa) (sec) (C)

1 5.0 7.9 8.0 250~950

2 6.2 9.4 3.0

3 8.0 114 3.0 500~850

4 9.0 134 3.0

5 9.0 134 10.0 500~750

Table 4. Operating time of valves and devices.

Valve & device Time (sec)
Spark plug on 0.000
Starting alcohol on 1.222
Starting air on 2.030
Main alcohol on 2.532
Main air on 3.522
Spark plug off 6.524
Starting alcohol off 7.024
Mode 2 on 8.016
Main alcohol off 8.796
Main air off 8.964
Starting air off 18.764
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Fig. 5 Pressure vs. time curve for the 1st TDM.
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Fig. 6 Temperature vs. time curve for the 1st TDM.

Fig. 7

(c) Liner (d) Dilution nozzle

Burner inspection after the performance test.
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Fig. 8 Pressure fluctuation of burner chamber by the
abnormal operation.

Table 4°Xx= AA AFHAHAA ZAFste
HBR 9 R=Ho] 59 FFAIZ dig 75
RoFED 7 WA FEH vt AE5EU
, OlAAA AlsY I E(starting alcohol)T} AlE
¥ 7|(starting  air)7} TAFoE FFEHUG.
Table 3¢ A|A]g mode 1 F3F WollA H <
271HEE A% A" FaA|ort o]FolA
I Ye AL B F Uk o] FH2 AFx7]
e} Fslrh o] FojAe A7|R2 BREzlo] A
of Adad Yo sldE 7hsgt AAASIAA Fo
ofF st F3relth. kAR Fig. 59 Fig. 6° Al
AlE AlFAANAM HE 74xHd A3yl EA
FHA HUWRAA Q-7 F71402 vbE
A4S B 5 Uth oZ Aste dad
Hf 2 MPa A9 4P} 4T 2
3t AEsHA HAaL, o]= &) Table 40
T A Zo] 87x7Fd NP A (LR
7] FEEHE AhHE A H AT
A dEAdse] FrHer vE
Aol FA o 32 AlF Fol+ Fig. 70l
A BAFe AAR AAFY &R =35t
Al HATh Fig. 894 A WA AAFSLZ F 3
z2ko] A@HAA Tk Azt A o5 HIP
A U R gEHsE BT e,

£3] mode 1 £3AH T o] FtolA

Rt a2

0

Of

[

o x K dr

A



84 2IR|A{ . &}

T2 Aspt #AsE As B Atk 271A
3t Al Wuie Ao, wu e
95% o4& A= Fe 1TV =S AF
of ZgtBel &8s FH3UA B 95
o 2=t 543 "ojxd HUZ fFYEct o)F
A 4" ALFAHAA PR AfFH
As AL 93] FAFE WURe %78
FHoz g d&4 oz ddle B
o] o)z} Al=E 7] Mol 399 ehFAHA <k
o] BrldlS& Aoz AdEHTh

= [e)

T =

olgd Fde Hu <A A7l avE T
=

jwin 3

=

AN B, Fig 99 BN 2 5

Sol AW F AYE FHow Hunosn

3 128(soon0] AFAoE FAHE AL
[e]

oS A A
dFZEHY A=Y & dagFol AoiA
%7] A37Hmode 1)dlA LAs= D&
FE37] falA deEeaY ZAEAEE 7
oM 1122 AFAHI, NeLILe EAMA
FS 1327HA] AEZAIAT EgL Alsgas A
@ F, Bl2 mode 22 A Yst= L2 oA mode
1 73& 52 ¢ d A% ths, mode 22
o7 ANZEHES st HUWR I3 3
A gdo] tAFRow FE F YL §

2 74 vt Table 594 +=
gFo] " AFHAAAY WHA

9 4 o
oo e

Zh meeo HolAzte] thgk 7]EE Table 4]
Aol Hlashy BojFa gl

22k A|AIFS F 5k AlFe] 3 H o H T
7zt RE(mode 1~4)E ¢AH o2 HFs= M
MRS 43 FY8HReH, HFEE(mode 5)°l
MNe BAEE 302 SE8ANS HHe=m
A& 71E FAIZE 8213 (long duration test)
o] o]FolHtt. 1 F AR w&AFe ARE
Fig. 10, 11°] YEA=0l, Fig. 109145 Y
AR AFE A, HEWE 2 HREAL 28
yzo] JFUHE, Fig. 1194 Sz y
daer B OENEAN 289s JFere ¥
32 Jegz Yot 18% 712 mode 19 HHIZ
A&HT7L o] § REo] Holrt AR, HF
EEolA Mol gt o] 8.0 MPa 7}7to] &
BE] 30x FF MHAHoRE A&HeE RS
& Atk =Wl Wy ek ERIRAL ©
T2 Ato]o] HjFZo|(YF 8 m)E U3 EEA
%27] A7t mode 1)l = ERWIEAL 28
2 JFeErE HYdA IAEHE exrt
Aoz v FAHAT, HFRE
A MUY dAhe=el A9 FAMSHA 3
Ve B 5 U 244 HERIP=ZE
PRl M= 302 o9 FAAZ
FPHEg HYATREE HUAA
259 AL FASHA dEhd o E o
Fig. 1291A= HUe] F3H
FEFHsE BT vk Al
ZH(At=48~53 sec) B o,
590 kg/s, ¥IZEHFHF 018 kg/sZ WUl 2|3
AAAE FHEL 608 kg/s2 UEISTE Table 6
o APEARE EdZ & ENIY 7HEFEH(Pa)
< Eq. 191 93te] 3.08 MWE Ueldth 24
HEgx Aujd A@gduex HRIYFRE
(TIME 627°C7HA 1712 2719 Wis &
A 8 A% oF 640 MW 7185 E S gn
g 5 ook A N FA 75EF HEPZ |
Wo] BEAQl &8(F 52%)S A&3tdE= 3.3
MW o]ide] T8 Fzo AGAZd F o
HEHPZ ZPA9 AA-AN 42252328
MW)S SZA1Z 4 A "o

BorE oox & o Mo

N
T o
rT; ox, i
>,

Mo
2 oo
>
o

o> of
) HJ F—E oX

rr

of
N
12

El

I ]

[>
ofN
bl
& e o

of
o
fru
o
of
N
Jo

_{



X183 H5% 2014, 10. EEED AE AIZMHIE It YRSHU LA 85

1000 ‘ T T
—— Burner Outlet
—O— Burner Downstream
—0— Turbine Inlet
800 | .
%)
I
o 600
5
(a) Early model (b) Modified model ®
[
) " . ) . . 2 400
Fig. 9 Modified stabilizer with a recirculation zone. g
=
10 |- N 0 e ! ! ! ! ! !
0 10 20 30 40 50 60 70
Time [sec]
= 80} R
o
= Fig. 11 Temperature vs. time curve for the 2nd TDM.
o
15 6.0 |- A B
[}
] 10 ; 0.5
& a0l . —s—Air
—O0— Alcohol
8 ﬁ 104
20 —~— Ventury Flowmeter ]
—<— Alcohol Burner
—O— Turbine Inlet
D_o L L L L L L 03
0 10 20 30 40 50 60 70

Time [sec]

o
o
[s/B%] |joyooje jo ajel mojj ssely

Fig. 10 Pressure vs. time curve for the 2nd TDM.

Mass flow rate of air [kg/s]

0.1

Table 5. Operating time of valves and devices.

Operating time (sec) S50 W——e : 0

Valve & device - 0 10 20 30 40 50 60 70

Modified | p0 4 Time [sec]

algorism
Spark plug on 0.002 0.000 Fig. 12 Mass flow rates of air and alcohol.
Starting alcohol on 1.229 1.222
Starting _air on 2.030 2.030
Main alcohol on 2518 2532 Table 6. Test results for turbine inlet (At=48~53 sec).
I;/Iair;( aii 02__ Sgi(z) 2§§i Notation Meaning Test results
park plug o . . P
Starting alcohol | off 13.030 7.024 Ba Inlet pressure 548 MPa
Mode 2 on 18.003 8.016 T, Inlet temperature 588°C
Mode 3 on 21.015 _ m Mass flow rate 6.08 kg/s
Mode 4 on 24139 - PR Pressure ratio 18
Mode 5 on 27.000 - Lo Available power 3.08 MW
Main alcohol off 57.206 -
Main air off 57.386 -
Starting_air off 67.174 - P C, Ty, oy (1= PRI/ (1)
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