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Study on the forward-sweep inducer for turbopumps

Chang-Ho Choi, Jin-Sun Kim, Soon-Sam Hong*, Jinhan Kim’
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ABSTRACT

Computational and experimental studies on the forward-sweep inducer for the rocket-engine turbopump
are presented in comparison with the conventional backward-sweep inducer. It is shown that back flows at
the inlet decreases for forward-sweep inducers. And the low pressure region at the back flow are also
decreased, which is assumed to promote the suction performance of the inducers. The backward-sweep
inducer shows almost the same suction performance as that of the backward-sweep inducers although it
has small inlet tip diameter and shorter length. And the efficiency of the forward-type inducer shows better
results than the backward-sweep inducer due to the small size of backflows.
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Fig. 1 Typical layout of a turbopump
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Table 1 Summary of inducer geometries

Forward |Backward
axial length at hub (mm) 50 62
tip diameter (mm) 90 96
inlet hub to tip diameter ratio 0.33 0.31
inlet blade sweep angle -5 +25
solidity at tip 2.8 2.8
flow coefficient (@) 0.11 0.088

Fig. 3 Backward and forward inducers
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(a) backward sweep inducer

(b) forward sweep inducer

Fig. 4 Static pressure ooefficient distributions

(a) backward inducer

(a) forward inducer

Fig. 5 Streamling distributions at 100%Qd

- 652 -



005 —
F
IS AU VO N N D ]
B Sttt SR S . 2 ¢ M
S -0
—{3— backward —\ T
0.15 f=eoeee
—e—forward T ?
02 %}
-0.25 . At P NP NP N N N
.02 00 02 04 06 08 10 12

r.
Fig. 6 Inlet pressure coefficient distributions

Figure 69 <17Ae 945 93¢ WA 4
T ALY ANEAE vlmsigcl. FAAY AFA
B AT JqF A7 2R FGAE ARA
Yo} en FEHOZ HolAA Huf. vt
ARy AdFAe A IR A7t F7] gEd
AT A At F14P wgA Frt ol ¢
TR A= AU FYAdTol FHA
B3l HojAz] e A& AYE ok £ =®dE
YetA gtAwh U8 AEAA Augold &
H A FA9Y AFMY Agels 7IE7 ¥ 9
Qo Mgk wrAslA gl Ay AFA BE YA
SHelr a7zl Aol Fale] wAsA Ho ol
Fig. 63 Ze] A AH A7AMY A9 479 el
uox g 7A ¥ny a2 REHE A&
Ebdt}. Figure 6914 rx= oh23t Zo] Aot
T BN, r e JEAEs Yepdth

1r

O

r* =(r—n,)/(r,~7,) 3
" AFAY £HELE Fig 7o o
6,000RPMell A A 7
F7 A7) Ao BAYY AFAe
2 e & _)r: 9tk w3k Fig. 8 A" &
0.

OOA AARFY 45 F29

SRP % 4 9k ole 4Rt 2o
594 ggelqe] AdpEel Folsdsl @Eeld,
1209 AAGFANE ANIHY FAFel F9

80

100%Qdes(Q=17.21L/5)

60

e

A

|
L

P h i —]
0 0 0.005 0.01 0.015 0.02 0.025 0.03

Flowrates [m*s]
Fig. 7 Efficiency distributions

A

a0

Efficlency {%]
po9
Q

N
o

{3} backward
—e—rorward

ol HlA tha "otk ol 120% A A el A
£ FAd¥olgR Fig. 9ol VER wiel o] GFo]
717k ZepA g {7t 27] o] wAshe A
gYe| Aol 2EHWY WEL2 BYdth J5F7}
& Aolls ditgez d7HB0l AW FUHE
o] ZotA A FU4%5ol Sl Hrh

FARYY B FU4T AYE FHo) 00 H
ANANA S8 ¢ Qe O, AJYY Hy @

y O

p

R
oX rir

12

O —— O ——— i

—C— hackward (39 8%Qd) ]
~—{—backward (119.1%Qd)

’r —e—forward (100.8%Qd) T .
—m— forward (120.2%Qd)
0-" PEPEPUEN BT ST U BN S
0 5 10 15 20 25 30 5

NPSH [m]
Fig. 8 Suction performances

Fig. 9 Streamline distributions for the backward-sweep inducer
at 120%Qd

- 653 ~



A4 B gl MaH na2A BETH Yt ),
Aulelol $3jal FAlo] Gl 2957 Wgoz
#2390,

Table 201 2559 AFAS AAHANS 458
vimste] ehigleh AAAYo] Faojeel HlsA
FYNFE UYL, 5eS 2 AS ¢ % A

ct.

Table 2 Experimental results (100%Qd)

efficienc; NPSH
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backward inducer 50% 1.8
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