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ABSTRACT

Performance tests of a 75-tonf liquid rocket engine turbopump were conducted. The performance of
sub-components - two pumps and a turbine - and their power matching were measured and examined
firstly near the design speed under the LN2 and kerosene environment. In the real propellant - LOX
and kerosene - environment tests, design and off-design performance of turbopump were fully verified
in regime of the rocket engine operation. During the off-design performance tests, turbopump running
time was set longer than the engine operating time to verify the pump operability and set the pump
inlet pressure close to design NPSHr to investigate pump suction capability in parallel. It has been
found that developed-turbopump satisfied all of the engine required performances.
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c, : constant pressure specific heat

H : head, m

N : rotational speed, rpm

N, : specific speed, NQ"*/H"™

NPSH : net positive suction head

PR : pressure ratio

Q : volume flow rate, m®/min

TIP  : turbine inlet pressure

TIT  : turbine inlet temperature

Uy, : inducer tip velocity, m/s

Uy, : impeller tip velocity, m/s

u/c,; : turbine velocity ratio

vy : specific heat ratio

D4 : design flow coefficient, ¢ = Q/Auy,

o : cavitation number, 29 NPSH/u?,

b, : design head coefficient, 1 =2gH]uj,
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Table 1. 75tonf Turbopump Design Point Performance.

parameters unit | LOX pump | Fuel Pump
N! - 217[4] 109[4]
& - 0.095 0.096
s - 112 132
o - 0.035 0.066
specific power* | kJ/kg 261

1 specific speed IV, =N 0'5/H0'75,N[rpm],Q[mS/min], H[m]]
2 flow coeff.¢p= Q/Au”,head coeff.w=QgH/u§‘,design value

3 cavitation no. o=2gNPSH/ u%,, test verified value
4 (Xpump power)/(turbine driving air massflow at 900 K)
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Fig. 1 Schematic of turbopump test facility[11].
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Table 2. LN2-Kero. test conditions and results.

test Q/ Qd

10. | Ox. | Fuel | €ond- | Ox. | Fuel

testl|LN2|Kero.| DP* [0.89|0.94| 1.15

Media | Test

Nimax/ N4 | Duration

97sec

* DP : design point, OD : off design point
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Fig. 2 75 ton DM1 turbopump performance test. Er ™Yy
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Table 3. TP assembly similarity test results.
0.5
Parameters DM1, Testl 0 50 100 150
Speed', % 1003 115 time (sc)
. ! s
Duration, sec 97 —— LOXpump
=—Tuel pum
Medium LN2 LN2 e L\ el
I T 0.07 0047 g -
¢ 0.0846 0.0842 S 09
P 1.16 1.15
Medium Kerosene Kerosene 0.85
0 50 100 150
F3 Ofuel 0.106 0.075 time (sec)
¢ 0.0907 0.0905 0.15
) 1.37 1.35
TIT, K 592 779 Zoos
TIP, MPa 4.8 6.1 z
T’ %
PR 46.8 57.8 il 0.05
e ——LOX pump
pwr ratio’ 1.057 1.041 —Fuel pump
1 Measured speed divided by design speed 0
2 %(QxAp/ efficiency)pump* (massflow xadiabatic work ¢ v 10 o
% efficiency)wrmine , efficiency from component test time (sec)
3 L : LOX pump, F : Fuel pump, T : Turbine 0.7 70 5
0.6 - 60 E
_ _ &os 50 é
g ReET. o]ek 4 IPS(Inter-Propellant Seal) I Y w0 b
A5 HA B FAEH D vojy WASAE et 20 %
3 Fakatsich. So2 0 <
Ao B9, HEBLY FES 9% T e  E
- - 0 0 2
e B¥E 75 A5, 734 o9 2 FH 54 0 50 100 150
ste}, 293 WA stetve 24 7% el time ()

Fig. 3 DM1 test1 measured data.



% 2% . 3EE . Un - Py - wET

24 - ol WD HEs - g2M

Fig. 2= DM1 HEFZAHFAYE AT =
o]H Table 39= ASA o =49 F9 A
HES ATk Fig. 3de BEEPZ9

4e A F e A, HE FEAF
S, e o)A, a8l By A% I
ME(EER, 88, §%, ¢9u)e S48 U

Folx 2 AEAY HF B fFEH Y=
Table 49 Zt} A& F9e AYste g4
A ODl~4= AR AALEHIH /A5,
HLALEFH /A FY, ALALETHR/FEH, A
Aasgul/nxdgo AFxs orgdth a5
g g AFY 2A0EL Fox EdH A HRE
HEO AFE Aodd & 3, AP Y H
WEs 2719 7k 543 A3 A 234
= FEHl AAES 7St Table 49 test3o 2
AoH OD1¥ 4, 183 testdZ A olH OD29}
38 7479 g AES ANFeRE FAT AlF
& FAEATt Test29] AAH AP 3¢}
HEd74E S AA-8Z 7 (mominal operating

condition)°] HE=& FHIET i} FPx
ATdES 2HdAnENREHCA F 7, 4
34l 0.076, AZHFZ 01060 FIH=E =3),
test37 49 FAA AP AIF NS AA
AR s FEPehe A AAs
o Bt} 7k53 Ao HEE 20S Ak
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Table 4. Real media performance test conditions.

Test2 Test3 Test4
DP OD1 | OD4 | OD2 | OD3
N/N, | 100% | 91% | 109% | 91% | 109%

LOX | LOX | LOX | LOX | LOX
(@) | 100% | 93% | 93% | 108% | 108%
(@/N), | Fuel | Fuel | Fuel | Fuel | Fuel

100% | 112% | 112% | 90% | 90%

Duration| 140s 200s 200s
* (Q/N)q = 0.01511(LOX),0.009666(Fuel) [I/s/rpm]
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b FARRE AnE B FAE AY
Hwst gxEEa gHulegs 38% U
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12000 Table 5. DM1 real media test results.

E 10000
) Test2 Test3 Test4
= 8000 - Classification
g co00 DP | OD1 | OD4 | OD3 | OD4
E 2000 Speed’, % 100 91 108.3 91 109
3 2000 Dur. sec | 170 230 230
0 Medium | LOX LOX LOX
0 50 100 150 200 250 300
time (sec) L3 OLOX 0.085 0.069 0.037 0.070 0.035
2 1o 0.095 | 0.088 | 0.088 | 0.103 | 0.102
— LOX pump
— Fuelpump P 111 | 1.138 | 1.127 | 1.084 | 1.081
15 |
% T‘u‘{ Medium | Kero. Kerosene Kerosene
¥ 1 IWJ Ofuel 0.126 | 0.116 | 0.066 | 0.119 | 0.742
> P
é 0.096 | 0.108 | 0.108 | 0.086 | 0.086
03 P 1337 | 1.329 | 1.323 | 1.365 | 1.355
0 50 100 150 200 250 300
time (sec) TIT, K| 698 573 841 573 813
2 J TIP, MPa| 577 | 494 | 672 | 482 | 668
T3
=11 -, PR 545 | 478 | 599 47 60.8
g, — Loxpump pwr ratio’| 1.025 | 1.054 | 1.033 | 1.05 | 1.033
5 - et | f 1 Measured speed divided by design speed
—o0s 2 2(QxAp/ efficiency)pump* (massflow x adiabatic work
% efficiency)wmine , efficiency from component test
0.8 3 L : LOX pump, F : Fuel pump, T : Turbine
0 50 100 150 200 250 300
time (sec)

012 o pum Fig. 5= A& Algolx SHE BHPZ
i o1 — s FHAF) W2 FRAFe WHE THEAD
Zoos g vme e A G Az I
%DD'DE = 2345 HAFEo
oo Fig. 6= Z@A A8 18 3|5 o}
o

2 HHl v3y Sgustolth. ssiA Bz v

0
0 50 100 150 200 250 300 2 LN27F A48 A9E LOX EE& ®BA3IY
time (sec) A dEAT. 7taE) J1E wEEe A7

07 175 Aol 261 KJ/kgo2 UEREoH 35
e ————— |- ol 1 ogle] & o' ZFvksle 54 B
vl [T BoARY A% Axstez HEo $EE A%
é R efficiency 7 g N = -

o3 Lt Aavhs BAME, v 5)E A A 4
F02 {2 Hlell A 7kz=e] ZAged AL Srbska oz <l
oL N0 s Ee mEE e b Hed, A

0 0 2

50 100 150

time (sec)

200

Fig. 4 DM1 test4 measured data.
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