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ABSTRACT

A cryogenic test facility has been developed to perform inducer and pump tests using liquid nitrogen.

Performance tests of a turbopump in the maximum 50ton-thrust class can be performed with cryogenic
fluid in the facility which operates at a temperature around -1960C with the rotational speed up to
30,000pm. To verify the reliability of the cryogenic pump test facility, hydraulic performance tests of an
inducer were accomplished, and their results were compared with the result from a water test. The results
confirm the reliability of the cryogenic test facility, and it is expected to contribute for on-going

development of a turbopump for liquid rocket engines.
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(@) Inlet pipe line

(b) Outlet pipe line

Fig. 2 View of the main pipe line for cryogenic test facility
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(a) Schematic of test rig

(b) Picture of test section

Fig. 3 Test section and speed increaser
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Fig. 5 Lubrication oil temperature in the process of chill-down

23



AFA g} Aoy 219 AL Lmmold, AFL
24 5000~8000rpm FeelA] olFe] Zck
NGB BHE £ FBE AL gHo=

zdaen, 1 Fode 44 4 (1), @9 2.

=
t

QI(A, Uy M

HI( Ui*/2g) )

€
It

A (1)L §FAF (flow coefficient), 4 (2= U
AAS4 (head coefficient)® YERAT, 714, Q&
‘lTo, A2 AFAY yddd, Uys g7 2719
4%, He 29y 74 4 AP L 9y
=8

FAL 87 delM AFA @ A FZ HF
Aol Wi A4 P JANH (iguid
state) 2 RAIAA Fn, o] AL HE A@AFY A
& ol 8% 24 Fo shto|rt. AR, A
AE -14721°C ol st dAtEE AT 4 9l
= ZAL 9@ (cryogenic fluid)oleh. THek wiF<]
M AL7) R ERE ] Mg A% TAFOR
st FRHo=Z 713tr] AlFsHE A} 7)Aol
238 24 74 (2-phase fluid)7t APEEZE Y=l
ol AeAE HAedME FZFT SU8T AlEH
AellXE sfulgo)do] dojuke TrE &35 (NPSH)
o Aue digd d@ol & SAUE A H

AgH oz Age % ’\ﬂ”ol Fojx|A #rh
a9 BE FHRE 27 AFASE skien, v
FAAR Y APRE FLAE o83t 2R 2
Ado] dojur] HIHEF spon, Ei AdAgel
A AFAMY FETH gE AYF AFRAM 29
A AEs) ST N FAY HHE FAOl 3
oFs}3irt.

B 2R 45A8dE ARA AHRAA 53
& 2xe gHoE wid ol AxAx BHE
stebalgd o v, Fig. 7914 2 AFE HoF1 ok
AFA AW 1,300mmelA S X9 YYo=
Ao AHE dotaded, 2 2R AFAE F
1301]*1 AFA AFY wjAuie ¢d8 AL

2 AYA U&5E FAdgih *]ﬁdﬂr@ Z AFA
Ay gFUdEHL 160~220kPaAclgion, &%
-195~-194°CE Yebxttt.

24

Fig. 6 Picture of a tested inducer

Table 1 Inducer geometry and operating condition

Flow coefficient 0.09%
Inlet hub/tip diameter ratio 0.426
Outlet hub/tip diameter ratio 0.488
Inlet back sweep angle [°] 20
Tip solidity 275
Blade number 3
Tip clearance [mm] 1
Rotational speed 5000 ~8000rpm
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Fig. 7 Inlet state at 5000, 6000, 7000, 8000rpm
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Fig. 9 Efficiency of an inducer
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