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NUMERICAL STUDY ON THE TURBOPUMP INDUCER
J-G. Noh"', C.-H. Choi, S.-S. Hong' and J. Kim'

The present study focuses on the flow analysis of a turbopump inducer by performing both numerical and
experimental methods. The head rise, efficiency and detailed flow fields such as outlet flow angles, pressure and
velocity vectors are measured and compared with the computational data. Generally a good agreement is obtained

between numerical and experimental results. However, some discrepancies are observed due to complex flow
structures inside the inducer. Future calculations with an advanced turbulence model and a dense computational grid
needs to be performed to obtain accurate numerical solution for the detailed flow fields.

Key Wonds: 4] 2 21 9171(Liquid-Propellant Rocket Engine), EJ5.38 Z(Turbopump), {1774](Inducer), HAH-4<EHCFD)

Nomenclature

A A% (area), m’
c A4 E(absolute velocity), m/s

Cp 19} A|(static pressure coefficient),
2(P—Pp)/(pU3)
Ch, A2 Al (total pressure coefficient),
2(Pr— Ppy )/(PUzzl)
: H-5-ZNincidence angle), deg
L QA4 58 Zol(inducer axial length), mm
P A= (static pressure), Pa
Pr A9t E(total pressure), Pa
q A4 M4 (volumetric parameter), tan 3, /tan 3,
r W (radius), m

r¥ F21 87 (dimensionless radius),
(r—ry)/(rs—r1)

T E A(torque), N-m

U 414 S(tangential velocity), m/s

z 25k 712)(axial distance), mm
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Edol= L(blade angle), deg

A5 ZHrelative flow angle), deg

& S(efficiency), m (Pp— Ppy )/ (pw T)

2 % (density), kg/m’

AT (flow coefficient), m /(pA, U, )

SR A5 (head coefficient), 2 (Pry,— Pry)/(pU;,)
7} S (angular velocity), rad/s

A2 mass flow rate), kg/s
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A ASubscripts)

Q1A Q)-(inducer inlet)
15 EF-(inducer outlet)
Ed|0] =(blade)

& B (hub)

1= (shroud)

ol cH(blade tip)

z ZH3Kaxial direction)

- oo N



AN1E Als. 2006. 3 / 17

AL A8 99y Aekip)e) 27t BeRlE A8
A7} 715 = aﬂula]om(cavitation) o] wAsto]
A 2] *ﬂ‘ﬂaol BegaAa AES s 7]
& 1% + AFAE oEd FAIE A 4
3 ey XWPOH JasHs HBgEe F9 FHAR
Jaeje] AvjHolAE WAEte] }e gyeiEens Hx
7t A 5 A Hrk
gurg oz ARAE JutelF(tp vortex flow)S} Edol=
e}t o= HE Fulglojde] g Aejelx] AFHE
QAFAY YrolA] wAIG 7|37t S £Hog AHuHA
T 2 d-v)(solidity)E ZeTh YubdoR QnAe ¢
2 Emﬂn AA FA] 10% oldl7h HEE A gt
B0zl HBE 360° o] AL gl & FAM|E <
3 AFA WEE HAo] e BRI dFEREgol A
Hr Fjujele) A ojZel uigt FIANE Ho oHEow
olE] AFAd e ATE F APHo 7 o|Folxgor}
[14] AT 5o AA7|7)e] wekst sulgold dj&¢] 8
2 o] AYHr] AFsiEA B2 FAFAA] A4t
P Jeh5-7].

r2L ol rlo e
:{o

T R 4

QHUNWJ

oii&

2 =EE R HE ATAY PTURT AR
2 dzdel 1 Ane A —;— Eal Ae gt MEENE
Aom SAsHeN AulHele] o3 Hsuske wes

A sk,

2. QM AA A MSAH

2 Ao A" QARAE g 2 dARE 7ML gle
W BN EAE dutHos AREE r- tanf,=
43te] AGSIATE Table. 19 AFH ) F2AANFE A2
hict.

const. & 0]

Table. 1 Design characteristics of the inducer

Parameter Value
Design flow coefficient (¢) 0.073
Blade number 2
Rotational speed 5,000 ~ 6,000 RPM
Solidity at tip 2.8
. Inlet (B84:) 79
Blade tip angle Outlet (6,1) ar
Tip clearance 1 mn

Pressure tabs
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Fig. 3 Streamline distributions with different values of ¢
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Table. 2 Computational condition and related design parameters

¢ By (deg) i, (deg) 4 i/ B
0.058 33 4.56 042 0.58
0.065 3.7 4.16 0.47 0.53
0.074 42 3.65 0.53 0.46
0.079 4.5 3.37 0.57 0.43
0.087 5.0 2.87 0.63 0.37
0.096 5.5 2.38 0.69 0.30
0.105 6.0 1.84 0.76 0.23

suction side

Fig. 4 Vortex at the inducer leading edge
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Fig. 5 Characteristics curves of the inducer
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Fig. 6 Static pressure distribution on the shroud surface
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(a) Relative flow angle
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(b) Axial component of the absolute velocity

0.4

u exp(#=0.059) »
© exp(4=0.072)
0.3 A exp(4=0.088)
cal(¢=0.058) -
----- cal($=0.073) P K

- cal(¢=0.087) ® .
o

Q 02 n o

- ___»-@/"
0 f BB

0.0

0.0 0.2 0.4 08 08 1.0

-
(c) Total pressure coefficient

Fig. 7 Flow parameters at the inducer exit
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