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Numerical Simulation of Hydraulic Pressure Field of Near-bottom Towed Body
Using Pump Spray Compensation Technology
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Abstract In this paper, by using standard k-¢ model and Fluent software, numerical simulation experiments
are carried out to simulate the changes of pressure field generated by the underwater towing motion of a towed body
using pump spray compensation technology. The results show that the use of pump spray compensation technology
has little influence on the saddle-shaped distribution characteristics of the water pressure field of the towed body, but
with the increase of the water spraying speed, the negative pressure at the head of the towed body increases slightly,
while the negative peak amplitude in the middle section increases significantly. When water spraying speed reaches a
certain value, the pressure characteristic curve of the towed body is close to the expected value, which proves that the
pump spray compensation technology is feasible.

Key words pump spray technology; near-bottom towed body; hydraulic pressure field; numerical simulation

0 3= 5 X FIR TR M MIHE SR 45, BEH KT A R
B PR B K JE , KT PUiE @A, EREK T
IR PR A e O O IR . AR MU IS B RORTR T, T AR ST | e

ek H: 2023-08-07
EF RN 282 (1977-), B, BRTEM, ETENIFKTIEAREIRE.



- 196 - BRFHEFHRKTR

%7 A

F 5B B PERESC T8 ORI GL
SRMHEE AT (fRIARIEME ) S —Fh Z 34 5 5
KB R, A A A Al (%
T A b (E T ) AUl R IR R
B RBCR ARSI SRS AL ST 20 fiEAD
it FEE SN BE, P R T AR, AR
PUTEREAESE . A FE S BE | ek £k R R
WEHE HE o AH LU AR S8 A MR e S AE 2R 52 1 T K Bl s Fias
femgrs , SRR B PEREAHE, SR M nl LU 2%
AP A 8 S MR, A R B PR RE R IR 4R T
FUR, 7K T B 2 280 i 00 A 7™ A= f) 4 B
Y, Wi . By, EhY . KRS (A
BT R MU B ) A S BT LA B 0 531
UL SEARSR B LT B AR R TIE B A 3R
HE S, VAL 2 B A BRI B AR R B H]
ST SRS T A AR AT H ARt n] R .
e, ey s/ MR A S A L, BEAR AT H AR Y
PRI, AT B e F A A A7 P R T AT A A
Mo MAHBC B S A, e Byt m] L3 o ol A1 0
s (UK TUEHT ), fEJCIE FEARHR 0 6 A 1 2L
i G N A PO RN CRINE 7B 8L RSB IR U N
FEE LB AR 0 B R S A nT LS B K b
PROTEIR T, DT S A AE Y B B, $R iR
PR
MEARTFBORDE, Y, BRI AR E &
Bh I, T A A BB T B AU AT P 3 A
W3 o 3 o AR TR AT AR R 7K P 5 1R Y
T, ST MK 5 s AL iR fE AR H S
FLE S DIASE | (R S IR BT RE, EOMATK
JE st PRIMED 1T, B i A LA
PRATT K Y, TR R AR I ki
SWARIRFRA IR, I 44505
[ 7EAK T XHT R # LUK 5 5 A K R iRk s e
A o AT KR /N SR H AR K R 3
RS S, JEARSCHTIEN A o SCHR[ 140 T B = JE
FEIEPR 10 m AYZIHE A0 RIS 10K R 0647 1 2
WIHE, AR IREZ97E 200 Pa o4y, 450K
B, (AR B INB R ] e — i B K S A% R
PSR LA B K He 3, TS T 5 145 3
IR 3 1) 1 T A8 A 55 A B A T 2 DDA O, A

JUH b B TR P Y TR PN 2 T LA )
A B U A, AT LASE I LM R o (ELER A AR
i T 8 20y 5 5 AL 7 O A He Y, B RAE S
TR, B S A K 3 KK TR 5 AN B
S Pt i AR R 20, 52BN A
BT A RTSE T, 3OS R AR B, AT
S CRIMITR”

El1 REHARZE

Pump jet propulsion system diagram

Fig. 1

AT — P I BEAMERE A, JF R BB B
kAT
1 EBERAXEHERE
1.1 EipaR

ARSCRH k-g BERIUO ) 454 Fluent 8004, W&
W 144 TR A4 i A4 A K T 32 Bl T AR 1 R T 8 4k
AT T BUER.

FRfE k-e ALK i F 34 4k Navier-Stoles J5 2
H1 Reynolds N JJ 70— P IR RG AT AY 2 Tim AR 7Y
rh Reynolds “F3J: (RANS) fJ—F, bR k-e £
AUrb oy, (T ZI0RGEE ) A e R 08, 77 SR i Uit
SHREFNFE T B2 R E o bRifE ke BERUATE JBSTF
Ktk JF HABRE It 8 & e h 8 4 it

B SIFERUR & Bl SR

e B
p\ox, )\ ox,
L w, iR ) 7R kMl e M pR%L, RI
2
yi=pCpk? (2)

A, C, WAREEL

FRUE k-e TR, SR & F e (OHRIE T REA0T -

a(pk)+6(pku,-)=i{[ﬂ+&]ﬁ}+

J

ot ox; Ox o, )ox;

1

J
G, +G,—pe-Y, +S, (3)



%24 R, RARFAMZEA GG LR IEAR KR 9 BAEAL DR -+ 197 -

G E(Gk +G3, Gy )~ C2£p§+ S, (4)
e G RRTnshEe k PR S 30) 1Y™
BN G RoRTmANEE k 1774 ) =BT Y,
LR Pkshy skt (Al 648 ); C, . G, . Gy, HE
BAEME ; o, Ml o, F7n Prandtl £0 (it 3l &k FIFE
B e); S S, Ko AE LI, &R AR
GIESY o S IR

ou. Ou.|ou.
Gk:ﬂt(i"' jJi5ﬂ[:pC/[\/El (5)

8xj ﬁ_xl ﬁx‘/
E*{T\‘?& k‘g *ﬁﬂ[’j ’ *ﬁﬂﬁﬁ Clg N C28 N G35 N
o, o, BIEH

C,=144, C,, =192, G,;.=0.09,
0,=1.0, o0,=1.3
Xt AN AT s 26 0 3l BB P A E SCIRIAU
PRUE k-g BERLAR

6(pk)+8(pku,-):il:[/wrﬂ]%}u@—pg (6)

ot OX; ox; oy ) Ox;

d(pe) . o(peu;)

ot Ox;

o u o | Ce &
|| p+ | =+ 222G, -G p— ()
ox, l:(,u agjéxj:l kR P k

1.2 HEHEDR

AR SCH A AR R L SCRIR [ 147 7 4 M %) 40 K i 1A
M, BEOMBERTEBUKIET, MRS K 20 m,
B R | m BIAEAR, B RMER 1 m ByEER
A, Xl FH AR w2 F T e B RV IR 20 m i
RN IR i K R S AT 5%

S PR B, 4 TR ], AR A
fit AR AR T 1/4 BERYHEATIHER, R IE DU 4
W A& AT AR R 5, AEETHEECE 50 mx30 mx
20m (KxFExE ) BRI EL, SCHR[17]-[18]
AT ORISR, A SCR M 2R IR, &
SR BCE T MRS, B USRI A
SR PETROE, RSB RE TR,

FARA BT A A T3

THE B T Hi AR AGEEE 73518 7 m/s .
14 m/s. 21 m/s, HARIREEAS RS MAE 5315 6L
—5, Wik RRERRAH 7 m/s TR AR, H
RERIEIR R, TR E A 2 s

2 HEERE
Fig. 2 Computational domain model

AL BEE T HBEN T, BN
BETH 1 5, iR T A BE T AL, HEAARmTK oK
M RE T, 405045 7 m/s . 14 m/s .21 m/s B0,
ZEE W, HIJIMBEE AR E N 9.8, KRS
PEPEIL T R 1R AR, I AL R B k- it I
WAL, MRHELL E SRR 4 B gEAT T BB AR
2 HEEKEFDGHIEREDSH
2.1 HEEXBAKEZDHEE

FH IR PR 10 m JoARfh Xt REZH 45 S /] 3 ] Al
Hi AR K H 7 1 i 2R AR B SCR [ 191 5 BE ey, [
I, J5 3 AR AR ] 5T A AR

£

IR 758 B /Pa

PdEm 20

B3 EEEK 10 m EEUXBARKES
DR 2
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Fig. 4 Characteristic curves of hydraulic pressure field
distribution of a towed body with pump jet propulsion
system at different spray speeds

N T BE— AP I3 W AN [ I K G JRE X 4 A K T 3

EMAFEEE, B 56 4 ZEE SC 50 K 30 B B 9 )
B AR AT TIE S, R EEE, A
(7] 5§ 7K 3R T 4 A4 7K TR A8 R i), 7K s 3 1 i
58 7 R 7K P AT I 1 58RI K R Sy
7 m/s B, GESREECA 50 Pa, 4mEKE Ik E
21 m/s BF, MUBEINZE 170 Pa 245, S8 W1,
L A 1 3 1) 7K 3 B 0 i R {1 I s K Sk B 1) 39
hn BB, K 0 BEE 50 Pa. AR, LIFEWEAY
W, AT LASEIRAEASE I B BT i T4 T
B8 B SR AR R A, AT SEBE “ LM R,
SRR RS RAEAT 5 5 AR A T — o ) L

106
javiv)

50

JK 58 FE /Pa
L
[=)
&
()
/
|
>
N\
=)
[\*]

WM
o XfIIHZH o7 m/s o14 m/s #21 m/s
Bl 5 Rk i B RGO K 453 4 1 i 3 2
Fig. 5 Summary of characteristic curves of hydraulic

pressure field distribution for a towed body with pump jet
propulsion system at different spray speeds
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