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Pulsating pressure control of pumpjet propulsor
ducts with groove structures

YE Jin-ming, WU Yuan—run, SUN Da—peng, ZOU Xiao—yu
(Department of Naval Architecture Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: Based on the concept of ‘casing treatment’ technology in aero—engine, a certain number of axial
groove structures were set up in the inner wall of a pumpjet propulsor duct to weaken the tip vortex intensity,
so as to reduce the pulsating pressure on the inner wall of the duct. By applying DES method and sliding
mesh method, the flow around tip vortex field region of an elliptical hydrofoil was numerically simulated. The
numerical calculation results are in good agreement with the experimental values, which verifies the reliabili-
ty and applicability of the numerical calculation method.On this basis, the numerical simulations of the pump-
jet propulsor with and without groove structures were carried out, and the effects of groove structure on the tip
vortex core pressure, the pulsating pressure on the inner wall of the duct and hydrodynamic performance were
compared and analyzed.The results show that the groove structures can significantly increase the tip vortex
core pressure, reduce the amplitude of fluctuating pressure on the inner wall of the duct, and has little effect
on the hydrodynamic performance.
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Fig.1 Computational domain of elliptical hydrofoil and coordinate system
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Fig.2 Axial velocity in tip vortex at different axial positions
1.5 15 15r
g —— B Ao
Lol DES L 'M —— DES sl ﬂ{ —— DES
. i N
505 805t ' Sost I
s 5 - !
0of oob . | f oof b
S “‘\*‘,‘TY"\‘: 4 ﬁ‘
0.5 -0.5 Wi 051 3
010 005 000 005 0.10 010 005 000 005 0.0 010 005 000 005 0.10
z2/C z/C z/C
(a) x/C=0.1 (b) x/C=0.2 (¢) x/C=0.3

P 3 AR 57 FE A A A 16 0 1) 38 32 5 A

Fig.3 Tangential velocity in tip vortex at different axial positions
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H1 T 7 FR G (R R T I BRI A 50/, S e T LR Al 1] Y0 AR X A i 0 16 4% T D )
SR, ST — ZR 9 G A B A ) Bl e U T 0 TR D BRI S D 20, I IRT 13 iR . T RLE L TERE T
IS 8 5 A 3 S G5 A i 168 U 80 75 1) %) 1) ) L, Al 1) TR 5 R R 4y b 2% e g L DGtk 17 9
(A% s AT W T

Pressure(Pa)

-2.169E+05 -1.674E+05 -1.180E+05 -6.858E+04 -1.915E+04 3.027E+04
(a) TCIWHE
! ! Emj‘ 2o
@
Pressure(Pa) //
-2.169E+05 -1.674E+05 -1.180E+05 -6.858E+04 -1 915E+04 3.027E+04
(b) A7tk

P13 2l o 0 T A 23 A AR

Fig.13 Comparison of vortex core pressure distributions on each axial section



2 o G . ST VMG T B R - 197

R AN 53 AT ) A A A G R T TR i A2 R T B B TR AR o T e 46 R ) R I A R R
BTG RARE IS B3 — T e J B0 P9 5 A T ) A AT A% R g ) s 347 (R T 8 /)
AT 3, i 14 7R o R 14 0] LB 76 45 D BE R Bl m) v R 254 )i, AR A L i) e (I 054
W 1 AT $2 T, P e e R R 2R T & DA AR AT (Aw > —0.01R) b, i A% R S 42 T+ e I
FE RS 0 BT A RS AR T (Ao < —0.12R) b, A2 3R T SCR YR 22, 70 I i i T w350 B U 107 1 A
I (=0.11R < Ax = —0.02R) |-, A% JE 1R TR /N

-8.0x10* - - -8.0x10*
—— TGt - HiGHE e —— Tt - HIERE
12x10° F gt -12x10° -
’ 225 | -
2 ~ s
= 2| g £ .1.6x10° -
R -1ex10° - R
H = ;
-2.0x10° | ¢
2.0x10° -
-
L L L L L L L L L L L L L L L L -24x10 L L L L L L L L
012 -009 -006 -003 000 003 006 009 2012 -009 -006 -0.03 000 003 006 0.9
Ax/R Ax/R
=]
(a) I H{E (b) F/ME

P 14 75 AR T 137 A F R A% T 4 P 2 (LA P e /ML L 4K
Fig.14 Comparison of the time—averaged and time-domain minimum values of the minimum vortex core

pressure at each cross—section position
[Fi] Ff R FH 25 T Pressure b 2t (19 55 [ 181 25K A B I 3 Hh 0 18 A% A AR B R A7 AT HRLAL | B Pressure
=120 000 Pa =150 000 Pa FI~180 000 Pa, RIVAT 75 1) 545 A it 475 1 14 10 45 A4 T 25 LA R AR DX A AR
A NGO, WP 15 B7s o AP 1S Hon] DA HY S A8 PO BE -0l 1] PR M A5 A i, 228 2 A PO A it T
AEASE PR s DI A AR D S8 2 /N, o U0 PPl ) /) R 5 R 0 5 A o A 5 %, S 5 i/ A i s )
R XY L, A A TR A Tt e == A

P =-120 000 Pa P =-150 000 Pa P = -180 000 Pa
(a) JCIAHY

P =-120 000 Pa P =-150 000 Pa P =-180 000 Pa
(b) HIEHY
P15 2 R o S s IX I A B L

Fig.15 Comparison of vortex structure locations and low pressure area volumes



198 MR 12 F28EH 2

2.5 BkBhE TSR AR

30 S R T ) 43 BT A LA S 1) V) R 285 4 1 60 i v 20 8 2 48 2 A S i T e A1 ) AN 1A
W A 0 T, AT i % A it s 2= 4k

e R U 5 A PN BE R AT IR TR A AL 18 AE R 2 g B AT T i B 3 1) S A PN R DX U
AEAR . E T 1 YR 2 A o T A IR WA A T A T R T A B T 1 A P BE R (IR s
HH 308 8K, TR S S 4 g A ) — B 20 4 N BE R ) A an 81 16 e o AL 16 BT LA, Tefling
TR FE S5 AR BT, P A T B % 5 A PR R R T AT, 7 () — B o) o7 Ak A P BE R A 8] 1) B O
PSR B AR s AT T R S RA B R 00 B S0 %) S8 P BE e 7 B S TR AR ) — Tl 6 AL S
PAVBE 7 7 ] 1) AN 38 ) R Ol AT

Pressure(Pa)
-1.321E+05  -9.921E+04 -6.629E+04  -3.338E+04 -4.684E+02 3.244E+04

-1321E+05 -9.921E+04 -6.629E+04  -3.338E+04 -4.684E+02 3.244E+04

- 'm
(a) JCIHE 45K (b) A H ML
16 ZEMTE SRR S48 N BE Ik ) 734
Fig.16 Pressure distributions on the inner wall of the duct of pumpjet propulsor
TERE T TE e i Fie v, A i 2R B0 2 8] 7 B 2 e 1 Lo
RS Ak e, BT AR e ]
bl oA RS 3 S BT AR A BE TR A TR T T |
BUR I A SRS PRk Bl o BT A e A% e i, S8 Y B
BERAR T T W B AR, B TRk i A b, A N BETR )
KSR RSB o Sy 1 TS VA R Al R o A 9 BE T K 3 T
AR SO FE G T R BT R S N BE T AR T A
B A S P BEAT I RS A A AL A R uted circumferentially on the inner wall
T oD 3 B 40 5 AT 0 A8 1 e e
JA I B A 17 B
LRG3 WA S0 TE b5 S48 A RE A ) P 1 5 5 DA i (Al o] A AR BB 0 0), B IE B 07 S8 P BE
Qb Pl T S A L, T N RE N A ZH 9 I R, A R TE S BBl S A AN AT 18 i, TE

A B
(a) JCiHY (b) A A
P17 P2 M 0 s A S A BE S ) _E 53

Fig.17 Two groups of monitoring points distrib-

-

0Ly 11Lg12L,

L, Lo 3L, 5Ly Lo 9Ly 10Ly 11Le 12L, Zh 4 b 3Ly Sk Tho - 9Ly 106y 11,12k,
s "% 8 ® 8™ %58 8 8 $ OO OEEEE
[ [ (Y O A A A | | |
| | [ [ \ [ |
| | | [ | (.
Al A2 A3 A4’ A5 ABATABAQ Al A2’ Ag‘ Ad' A5' ABA7A8A9
(a) JCAAE (b) HiHE

18 S PNBEK Sl 71 A ZH Wil

Fig.18 Group A monitoring points of pulsating pressure on inner wall of duct
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Fig.20 Time domain curve of fluctuating pressure on inner wall of duct
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Fig.21 Comparison of frequency domain amplitude of pulsating pressure on inner wall of duct
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Tab.1 Comparison of hydrodynamic performance of pumpjet
propulsors with and without grooves

il EN Ky, K, Ky, M.
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EERtaLii] 0.4157 0.1036 0.7774 0.8597
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