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ABSTRACT

Efficiency characteristics of centrifugal turbopumps for a liquid rocket engine were investigated.
Predicting the performance of pumps for a turbopump assembly test, the variation on pump efficiency
by working fluids was analyzed from pump component tests. Water and liquid nitrogen (LN2) were
used for the component test, kerosene (Jet A-1) and liquid oxygen (LOX) were adapted for the
turbopump assembly (TPU) test as working fluids. Overall performance of the pumps was investigated
covering design/off-design operating points and the pump efficiency on the environment of real media

(LOX/kerosene) could be modified from the pump component tests.
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AF AR ZE) HEETS AN £ - B 4] G, : specific heat at constant pressure
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Cod : adiabatic gas velocity v : kinematic viscosity, v=p/p
Jy : impeller eyes per impeller; p : density

single-entry f, =1, double-entry f,=2 @ : flow coefficient
t : correction factor for efficiency ®4 : design flow coefficient
g : acceleration due to gravity P : head coefficient
H : head per stage w : angular rotor velocity
k : ratio of specific heat, k= C,/C,
m : mass flow rate
N : rotational speed .M B
N, : design rotational speed
n, : specific speed St WALA (KSLV-11)e] AAZzA AR 25
P, : adiabatic available power HEFPzurals At /AHd Al =F o,
P, : shaft power HRAZE 2eA gz AgPZE HUlo=Z
Py turbine power Fote] e FRAAE Axv| FFETh
P, : hydraulic power AR ZAAR AN E FFFEF W FHol =2
PR : turbine pressure ratio A E HZ(centrifugal pump)7} F2 AHEEoh
s : total pressure [1]. AA/AZE Bxe dFAPEeE O A%
Dy : back pressure < Foteted, AEAY &3 H8dz Fo
Q : useful volumetric flow rate 2 B AAFddsETg ge IdFY AF4
@, : design volumetric flow rate Hd2 s nEstd AAEATFY des
Re  : Reynolds number T3 d23]. @dEAFAME FE F2
Re_ ., : modified Reynolds number d5E AT RHAZ AMES= Aol H¥FHon.
- : inducer inlet radius SRR $led AFE FAF AlgxdA Fd4
Ty : impeller outer radius o ZAFHAVE AA EHEAFG Folgez <l
T : torque sto] Hxol HAA(AiAS A& HAJHF
7,  : total temperature zx7) Be58L A Al Aleke] 543 Aol
TIP : turbine inlet pressure 7F Atk olE 3 S HEHEZ YA Aol
TIT : turbine inlet temperature U A A=El AsAIFAA FHER] EY
U, : pump inducer inlet tip speed AZ yehg Zee gAEds dAske bl &
U, : pump impeller outer tip speed A2 WA 7 A HTH4,5].
u : turbine rotor tip speed olf g EAME S5 HsiA EFAIR
w, : dimensionless specific speed AEE Aoy Aujds o] &stEe A3
z, @ number of stages 2 =gEo] 7lEoA sioe-8]. skAIRE AAA
n : overall efficiency H 2849 oelea AEdd 5 aelstd
7, : efficiency for changed v or N HrxaFd dis) dujd AFAPE Fds=
ny  : efficiency at water test(Re, ,=10) qeAFTS dHHoE vfg oyt W&o
nw  : overall efficiency at N, At A S F3 AFeR Hxe Hes HAS
N fuel pump efficiency = A, 484 HE digd Bge A7t
nop : oxidizer pump efficiency o]Fo|x $TH9-12]. £ AFoAME TFEAIF
Nrp ¢ turbine efficiency A Fdojxl Pz A5 ARE FE AHA &3
U : absolute(dynamic) viscosity gt dujd B73A Hxre] ass F43t
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Fig. 3 Shape of centrifugal pump (pump A).

Table 1. Main design characteristics of test pumps.

Test model Pump A Pump B Pump C
Engine Class 30ton 75ton 75ton
Liquid Liquid Kerosene
Real-propellant
oxygen, LOX| oxygen, LOX| (Jet A-1)
Design specific 27.9 27.2 13.8
speed, n, rpmm’/s,m | rpm,m’/s,m | rpm,m®/s,m
Design flow
. 0.0917 0.0943 0.0945
coefficient, ¢,
Diameter ratio,
0.70 0.75 0.53
Dy inducer! Do impente
Number of
1 1 1
stages, z
. Water* Water* Water*
Test fluid
LN2* LOX** Jet A-1**

2.0~6.0x10°* | 2.0~6.0x10**

Test speed, rpm | 7.0~10x10%* , N
1.0~1.1x10™* | 1.0~1.1x10™*

*Component Test, **Turbopump Assembly(TPU) Test

Table 2. Properties of pump fluids.

Test fluid Water | Jet A-1 LN2 LOX

Pressure (MPa) | 0.1013 0.1013 0.1013 0.1013

Temperature (K) 293 293 77 4* 90.2*

Density (m’/kg)| 998.2 792.6 806.1* 1141.2*

Absolute

viscosity (Pa's)

1.002x107|1.274x10°|1.607x10**| 1.958x10*

Kinematic P P e B
1.004x10°|1.607x10°|1.993x10™* |1.716x10™*

viscosity (m?/s)

*Properties at Saturated Condition
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Fig. 4 Overall performance of pump A (LN2 test).
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