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Effects of number of blades on the performance of
the turbopump inducer

Rai . .
Chang-Ho Choi , Jinhan Kim
Key Words : Turbopump(E] 2B Z), Inducer(21574)), Computation(F-&31%]), Backflow(%+7)

ABSTRACT
The effects of number of blades on the hydraulic performance of the inducer were studied using a
computational method. Inducers with number of blades from 2 to 4 were used for computations and the
hydraulic performances of the inducers were compared. The computational results showed that the hydraulic
performance decreased due to the increase of the skin friction loss at blade passages as the blade number
increased. The results also showed that the strength of the backflow became weak because of the decrease
of unfavorable pressure gradient as the blade number increased.
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Table 1 Inducer design specifications

Parameters 2 blade |3 blade |4 blade
blade number 2 3 4
design flow coefficient () 0.1
inlet hub to tip diameter ratio 0.29

axial length to inlet tip
diameter ratio

tip solidity to tip solidity of 2
blade ratio

0.69

1.0 15 2.0

Fig. 4 3 Geometry of 3-bladed inducer
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Fig. 5 Computational grid for 3-bladed inducer (3 blocks,
277,551 cells)
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Fig. 7 Circumferentially averaged streamline distributions
at design condition
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Fig. 8 Static pressure distributions at midspan

SH2IAME:H122, M2Z, 2009



RH)
HL
izl
[H
oo
[
=n

M E30l= 7t 5o ofxls FEl tier o

0.3 o= 7t BE AS 2/L=04 olFe] UEo]
[ 3 ‘ . : WolA|l= 2¢le mobalr] gelA g 9o A E

: 3 eoenntten: [ ; LB 2a9) WReZ2B L 04

02 1™ Pressure side i ; TEE HERASTE BHlol= 9t BesE 2/L=04

olo] Auj&Est FAMA Flske AL B F 3l
‘ t oh web Beol= 47 SoldeE F27 FoiA
Suction side S0l Zvheta, o]z <lElA EEolm WiFcA 9

pressure coefficient
(=]
—_—
T

=

°r B oG ———— wivtasdol F7bely] el ¢Eol FASA 9

%_0.1 RS - 3biade 1 oA Ao FYF 4 Slrk olidelA AwA &

Z | —=— 4 blade ol 47} Wold4E Fuupbaido] AXA YA

02 | [ —p— HolAx, ol kA o7t Bade AE U
00 02 0.4 N 0.6 0.8 1.0 alo).

Bo)n 47t 4G S, EHnEENS Fo] &

Fig. 9 Static pressure distributions at blade surfaces AE ol7] 9sir Eeol=e FANE oF 25% A

= o

= 29 QlFAE Ak %%awzf Feel Bk
100 - Figure 100 AAE #42EE Uehligies], 2o
: ‘ 1 =9 T} 9k AL Fig. 5 (09 Sz 47

F49) ARt d9R7 T A7 A ¢ % 9
TF YA A4S FHEA Bulels U 390 A9t
Hl g AL 12% F7hE 4 &, o=
F7b wold AS §27} FolA wpEEHo]

z
A% BAW & Juem, BH= FAE o4 o

(]
o

Absolute angle
-y
o

N
o

. 2 pAe £ 9 & 4 Yok 2 el &
I ! A A Beol= FAE Fold FASA] gy
2 B, 2eels A AUAA shew A
- olggol Qome B ATdME Fg 1o Yehd

Fig. 10 Absolute flow angle distributions near the inducer
leading edge

2

07 = ulzede] FAE: yL=0401%9 HEwA
' ‘ ﬂﬂ?ﬂ 2ols 7AxZ REAoZ  Z7pAATh
Figure 120] #A¥EE Yetdigi=d],

=06} T

2 t} 01 wﬂ oF xofz 71&e] Beol= 4/)¢l AR <o
s 0 ™6 4% S7H45, Figue 13 4TSRS o
205 Sol delilen, ARAE AQRAe A 2L~04

SN AT VL ek A% 2 4 98

04 L J L J i ] L ( L
-0 05 00 0.5 1.0 1.5 2.0
z/L

Fig. 11 Relative velocity magnitude distributions at

midspan Fig. 12 Circumferentially averaged streamline distributions
at design condition for 4-bladed inducer with thin blades
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Fig. 14 Circumferentially averaged streamline distributions
at design condition for 4-bladed inducer with redistributed
blade angle
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Fig. 15 Relative velocity magnitude distributions at
midspan for 4-bladed inducers

Table 2 Inducer performance data at design condition

4 thin |4 redesigned
2 blade|3 blade| 4 blade blade blade
head | 627 | 036 | o3 | 036 034
coefficient
efficiency | 0.71 | 069 0.64 0.66 0.66
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