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Numerical Analysis on the Width Effect of the Vaneless Diffuser to
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ABSTRACT

Due to the secondary flow path and the interface between the rotating impeller and the fixed diffuser, diffusers of various
shapes have been designed. In this study, the effect of the vaneless diffuser width variation that is one of the shape parameters
on the hydraulic performance of the turbopump was evaluated. In the case of the diffuser with increased width, the radial
velocity was decreased due to the increase of the diffuser area and the velocity in the tangential direction was increased.
Therefore, the head of the turbopump became higher. Furthermore, it was confirmed that the static pressure rose more as it
passed through the internal flow path of the diffuser. Backflow was occurred at hub and tip of the diffuser inlet by the
investigation of the streamline. So, the hydraulic loss was significantly increased at the diffuser inlet. Due to the pressure rise,

the efficiency was also increased even though the loss was increased.
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Table 1 Specifications of diffusers

Diffuser Case 1 ‘ Case 2
N [rpm] 2600
o) 0.089
Impeller width [mml] 141
Diffuser width [mm] 141 18
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Fig. 1 Interface types between the impeller and the diffuser
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Fig. 2 Diffuser model
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Fig. 3 Computational domain
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Fig. 4 Computational grid
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Fig. 6 Pressure rise performance of turbopumps
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Fig. 7 Efficiency performance of turbopumps
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BN 5ol et 54 AHEUT) Fig. 99} Fig.
102 A Yol He] £ RS el Tg)old), 9

w A m)r o] t)EA 2] Zo| Lol HHA W
B2, 12 skl PPUY &7 G AS
c11slsich el ofmel ¥ odelolA s
o2 Gehith, WA S el o) 52

rr Ji,°l o

S=ERHDIHEE =28 232, HI3S, 2020



X
g0
rir

Casg] ——>

Case 2 —

_/ U |c Co

7

Fig. 11 Schematic of the velocity triangle at the
diffuser inlet

0.4

Case 1
Case 2

0.3f
o 0.2f

0.1¢F

1 1.05 15 1.75 2

rir,

Fig. 12 Pressure recovery coefficient

0.2

Case 1
Case 2

0.15F

X 01f

0.05f

1 125 15 175 2

rir,

Fig. 13 Pressure loss coefficient

et ol B34 YTolA
w5 W) 47 ZolEgln
O o

39-HTE S48 Ao R
o s A
FAG ARSI 710 BAEET F71 2S

o
ps

G 99k, o] WAL ek DR A AToINY Sumatn
F& Fig. 110] =43t} Lehfgick, oleldt fEE40

5
2 Fo] Wolx |7l AN, A =9 F7H= B
AgAo] wokxl Aoz yehgdth theo2e A Wi
o] §5EAS Sungith Fig, 129} Fig, 188 T A
9] A3 EA e} SAASE Ve Tefjzolt}, 3
Aa= t3FA W5-2] ASk(Static pressure) o= Al
ol tigh vleE Uehelal, EAAeE et R
2 XAQH(Total pressure) ] x}o]& F&tof tfst v|&=2
W Ao=Z A 31 A (9= A5t

pP—Dp;
C — m

p

3)
1
5P Ut

S=ERHMDIHSE =28 232, M3=, 2020

CFNe = Helyt HEHZo &2

K= bin Tt )

(b) Case 2

Fig. 14 Streamline of the diffuser

W faolliE o] A A9 Uizt o =2 Y
o7 HEtEl= o8 YET Case 15 7|E0RE T4
9] 1/4 A7 = FYe A Yehtir 1 o] % gt
o Eokdl A& ERRIsHIeh Fig. 14+ F @Al gk 4
< Yehd Z18lot}, Case 19] ¢ 771§ FLollA vet
W HHA, Case 29] A9 312 FHolA Uehths ZFeld
o] Qlt}. AF AI7F Gebdl o|lfE= IR} &7} oA
YA 7t HskE QIgh Ao & HojXirt Case 19] 3
f 21 = 31 B9 A9 180°% T, Case 2+= 270°9] B4

ot gollxe] 7w AA] gepirle] f4e B0
o & ftslglet Case 29 94L B UFEA ¢
TollA Eold o] JFOR S|He} HoA oF7rt LAYs)
= A0 = YePal, o]= Fig, 99] 272 %= 2Ig 4= SISl
o}, ol2fgt @Ao' Qlsto] Fig, 139 Axfo] Lehd ZA 9
YrollAf Aol FASH A A& & 4= AUk o] Ko}
oA £AS Eol= S}
O &2 F U ATE ACE 7Y T 4= 9l& Aol o]

=]

o,

¥ r

7}A 3

Bl

=

Y

Mo

BIsto] HFAL] YR FEFA W] ALA WE
A}, SlEu Hel Bel(fillet) & o] AABH: A= A2
2 4 glek, SEAIE ol fF A AelAEE SN GO
2 Uehd Zlog oA, olu] Agskge] A G4

Me 7 gl ofRt olxFE7E of Aol A=
o|ATES] FAT I HEHoR
EAE Sole WHeR AL she A2 HEs]f o
£ st HpAel EHe|xe] A4S Aol & A
olth. Fig. 156= HIFA UF 55 AHE7] fI5te] 242
AR dieh WS S8 vehd Idolnh frAlolA 3
717k Wzt Ao tarA okl digt fixlelaL, e A2
LS 71 R 3Rk Gt fRR A vErd
otk fiAl(a)= A S5 oM o) F=olrt, 7]

&



0¥
OF
Ho

Velocity Radial
1.400e+001
I 1. 200e+001
- 1.000e+001
8.000e+000
6.000e+000
4,000e+000
2.000e+000

0.000e+000

=2.000e+000

[m s~-1]

(a) Case 1

ﬂ
0
I

Location

——

€ —————

T S ———
- I

(b) Case 2

 — =]

Fig. 15 Internal radial velocity of the diffuser

A= 3] JFe R Adll(Span) Wkl AR &
T 7y ZA JebaL, GiE 712 2 W(Pressure
side) ¥} & (Suction side) 2] &= ZFo] th=A vEhd
A& 2l & 4= ek o= kY] gAfof| st =3
A (Primary zone)¥} 0]z} %(Secondary zone) &2 U=
Two zone &7} AX|sH= FAFO R & 4= QI 9% 9%
(b= TSFAS] Y2 Tl3FA Y] FHol A= gl xggolot,
Zo] A HFAlA B} Holxf 77t WAYE7] AR
toick ohtdo] S9] 7hE Bhudls £52 Rl st

ol

£ geloltt, 9IMOE AR ASH 0 Hukex glon,
kol ER(Mixing)o] olHAL Qi 2 3213}

k. A (@ A= Case 19] -, Wie2= ¢lsto] |
oA BgRt 9FE I 4 UL, Case 20]4)= 3]H
A AR AR7 Yebdth "HollMe R 9RF7F Holle
AOR Kol tipA] Yol At WA AF77E o] A7t
A= HollA gaFe vAaL glokar ddskgict. #2](e)ollA

£ golN] iRt bl AL 3kl

= sk, SIA@elx
ARk 4RV S HelAE Holglt 2 SIS F g
A B OFAS AN Do) Yolxse] A WY
# SEl Folml Ao et

FRHOR WYl g Bl A BAEA %L 4
9, OFA B2 WA AAS =9 WS 5 92
% Qi W Fe] Lot ZolEle A ErEm 2

718 A AAT 4 92 Holek F717k HolAw A A
Aot W3e st 2o ofd olge] 2 Aoz oA
th H AelAL UFAY Ho| thE F 492 Adstol
MWt AR, AFEch E 2 A B ALk o
2] &40l B A2 Aoleh, 17| ujel] el F7t
G WA Tlste] HHY A A tlEAe) =
2 AshoF & Zolct.

o i

fa

o o

26

4. 2 B

2 S, ol RAlstel hewt 2
8

sjaxpich Eo| Ax AL A9, Sold

2) tlFEAL] B §5-S AlvlE 23 gealE ALt 5
U3 AE Holcrk HFA 1/4 AR Holsh hekit

o). HfAe] Zo| ol dgom sln
 olefat ol gz Qe Al A7t F

¥ Gl A

o

AZgoA ekt 271 A4 Sue] gFoR
EHATY FPL ol A0 veptth B& 94 37t
3 A0 ek, olt 2713t £49] Jach ool
o = Aekl] iEel AoR el

X

References

(1) Kim, H. W., Choi, S. W.,, and Lee, G. S., 2010, “Design
on the Centrifugal Compressor with High Pressure ratio
and Performance Analysis on the Optimum Design of
Diffuser,” Proceedings of the KSFM Annual Meeting, pp.
150-151.

Oh, S. K, and Han, J. S., 2018, “Optimization of a
Diffuser to Improve the Performance of a Turbo Centrifugal
Compressor,” Proceedings of the KSME Spring Annual
Meeting, pp. 288—289.

2

S=EFHIIASE =28 M23d, M3Z, 2020



AR

rr

(3) Lee, W. H., and Kang, S. H, 2013, “A Study on the
Design of a Centrifugal Compressor Vaneless Diffuser
Considering Fluid Properties,” Proceedings of the KSME
Spring Annual Meeting, pp. 189-190.

(4) Heo, Y. H., Hwang, Y. J., and Kang, S. H., 2013,
“Numerical Analysis Study on Prediction about Skin
Friction Coefficient of the Vaneless Diffusers in Centrifugal
Compressor,” Proceedings of the KSME Spring Annual
Meeting, pp. 193-194.

(5 Kang, K. J.,, Shin, Y. H, Kim, K. H.,, and Lee, Y. P,,
2011, ‘"Unstable Flow in a Vaneless Diffuser of
2-Dimensional Centrifugal Compressor," The KSFM Journal
of Fluid Machinery, Vol. 14, No. 4, pp. 5-11.

(6) Shin, Y. H, Kim, K H, and Son, B. ], 1998, “An
Experiment Study on Rotating Stall in Vaneless diffuser of
a Centrifugal Compressor,” Transaction of the Korean
Society of Mechanical Engineers B, Vol. 22, No. 2, pp.
153-161.

(7) Han, T. S., Shin, Y. W., Chung, J. T., and Kim, G. H,
1998, “Experimental Study on Performance and Flow
Characteristics by Width Contraction in Vaneless diffuser
of Centrifugal Compressor,” Proceedings of the KSME
Spring Annual Meeting, pp. 393-398.

(8 Lee, S. C, Lee, W. S., Shin, Y. H., and Chung, J. T,
2010, “Performance by Width Contraction in Vaneless
Diffuser of Centrifugal Compressor by Computational
Fluid Dynamics,” The Korea Society for Computational
Fluids Conference, pp. 136-141.

9 J. P. Johnston, and R. C. Dean, 1966, “Losses in Vaneless
Diffusers of Centrifugal Compressors and Pumps: Analysis,
Experiment, and Design,” Journal of Engineering for
Power, Vol. 88, No. 1, pp. 49-60.

(10) H. Hiramatsu, A. Shibata, S. Komaki, K. Miyagawa, and
T. Sano, 2015, “Flow Instability in Off Design Condition
of Vaned and Vaneless Diffuser Centrifugal Pump,”
AMSE/JSME/KSME  Joint Fluids Engineering Conference,
No. AJKFluids2015-33353.

(11) G. Pavesi, G. Ardizzon, and G. Cavazzini, 2005, “Unsteady
Flow Field and Noise Generation in a Centrifugal Pump

S=ERHMDIHSE =28 232, M3=, 2020

CIFMO = Hept HEHIO #2450 0[X|

rr
e}
roh

g

0o

off 25t =x[siAA A
Impeller with a Vaneless Diffuser,” AMSE 2005 Fluids
Engineering Division Sumimer Meeting, No. FEDSM2005-77320.

(12) A. Dazin, O. Coutier-Delgosha, P. Dupont, C. Cagnaert,
and G. Bois, 2008, “Rotating Instability in the Vaneless
Diffuser of a Radial Flow Pump,” Journal of Thermal
Science, Vol. 17, No. 4, pp. 368-374.

(13) G. Wuibaut, G. Bois, P. Dupont, G. Caignaert, and M.
Stanislas, 2002, “PIV Measurements in the Impeller and
the Vaneless Diffuser of a Radial Flow Pump in Design
and Off-Design Operating Conditions,” Journal of Fluids
Engineering, Vol. 123, No. 3, pp. 791-797.

(14) Kim, D. S, Park, W. G, and Jeon, S. G., 2015, “Study
on the Radial Diffuser of the Multistage High Pressure
Pump,” Proceedings of the KSFM Winter Annual Meeting,
pp. 203-204.

(15) Oh, H. W, 2011, "Hydrodynamic Characteristics of Vaned-
Diffuser and Return—Channel for a Multistage Centrifugal
Pump,” The KSFM Journal of Fluid Machinery, Vol. 14,
No. 6, pp. 54-60.

(16) Lee, M. S., and Kim, J. H., 2015, “A Numerical Study
on the Effect of Modification to Impeller and Diffuser
Geometry on the Efficiency of Centrifugal Pump,” The
Korea Society for Computational Fluids Conference, pp.
113-114.

(17) D. Japikse, W. D. Marscher, and R D. Furst,, 1997,
“Centrifugal Pump Design and Performance,” Concepts
ETI Inc, pp. 7-45, 2-54.

(18) ANSYS CFX 2019 R3, ANSYS ICEM 2019 R3, ANSYS
Turbogrid 2019 R3, 2019.

(19) Kang, Y. S., Jeon, S. W., and Lee, D. H.,, 2019, "Stage
Matching Improvement between Impeller and Diffuser in
a Centrifugal Compressor by Applying Flow Cut to the
Impeller,” The KSFM Journal of Fluid Machinery, Vol. 22,
No. 6, pp. 62-69.

(20) Kang, B. Y., Kim, D. J., Noh, J. G, and Choi, C. H,
2018, "Effect of the Relative Position of Blade between an
Inducer and an Impeller on the Performance and
Cavitation in a Turbopump,” The KSFM Journal of Fluid
Machinery, Vol. 21, No. 4, pp. 24-29.

27



	깃 없는 디퓨져의 폭 변화가 터보펌프의 수력성능에 미치는 영향에 관한 수치해석적 연구
	ABSTRACT
	1. 서론
	2. 연구방법
	3. 수력성능 특성
	4. 결론
	References


