Vol.32 No.5

32 5
2020 10 Journal of Gansu Sciences Oct.2020
: Han wei, Li Zhongheng, Han Yang, e al.Study on the Structure of Double-duct Water-jet Propulsion
Pump[ ] ].Journal of Gansu Sciences,2020,32(5) :80-87.[ s s s [1].
,2020,32(5) :80-87.]
doi;10.16468/j.cnki.issn1004—0366.2020.05.016.
1.2 1 1 1 1
’ ’ ’ ’
(1. , 7300505
2. , 730050)
b b b o 9
o b
9 o b
b o b
b o ’
O- 45 b b 9y o b b
K, 0.3 o
b o
H H 5
:TH312 A :1004-0366(2020)05-0080-08
[7]
b o
b b b
[1]
o b b b
’ o
[2] [8]
b .
’ o o
[3]
b
3 N o s
b b
N N N o 095
[4] [9]
o b
[5]
o b o
A A b
[6] 10]
b o b ’
b 2 b
:2019-04-12; :2019-05-10
(51669012)
Q770 h1n y ” o E-mail shanwei@lutien

,E-mail:141104154@ qq.com



81

32
, D=48 mm,
, , d,=20 mm,
[11] , ,
’ Q:0.0l l’nS/S, 0.4 ’
o D2:104: mm., d}12:42 mm,
1 [13]
1.1 xD? 4
’ W, =" (—a", <)
1.4 m/s, :a=d/D;D sd
7 N R ’ o
[12] . .w, .
T:‘OQ(’U(.—’U]'):‘OQ'U]'<k_1>9 (1) ’
D,=110 mm,d,, =56 mm,
p— QL (2) 2 "
1 OOO77P R
V] v’ vl 1.3
H -+ =1. : -,
+2g 03 5 + K, 24 (3) ’
p="5, (4) ’
v, i
k= —1)%, (&)) ,
2
== Pro-E
nr 1+ 4 ’ (6)
( D, .
: T (N,
; k 3 , b b
' <<3§j/hr>n ) 1CEM '
< o FLUENT .
;H (m),
, ( [ 4 ™
5 (m/s) ;v; ‘ |
(m/s);k
vk :'Uo/’Ui;kl ; P
(kw);ﬂP ] ) ‘
90% ., v T
Q=0.01 m*/s, (a) NiRIE 7R (b) SNFRIE T
, 1.4 m/s, 0.32 m, 1 000 r/min, 1
1.2 Fig.1 Model diagram of internal and external duct pump

o

0.01 'm*/s,

0.002 m*/s,
0.2

, FLUENT

o s, FLUENT



82

2020 5
s s 0.45 C s 0.45
b o
b b ’
o b
b ’ O- 2 o o
[14]
b b
b .
b o o
. 130 s s
290 o s 0.45
1.4 , , o
1.4 m/s , 1
s . . Table 1 Different parameters of multiple double-duct pumps
interface, z s
C
/(r+ min~ 1) /mm
b b
0.200 2 235 110.0 7.27
b o
0.300 1 825 114.0 8.19
2 0.400 1580 118.0 8.75
0.425 1533 119.0 8.84
2.1
0.450 1 490 120.0 8.91
’ 0.475 1 450 121.5 8.07
0.500 1413 123.0 7.24
b
- 107
C,
. =m BN
Q N
. D* -
C=|———1|X100%., (8
Q
D*? 5
g
!Q ’ D
;Q
;D o
(: 2 b 0-
’ ’ 0 0.1 0.2 0.3 0.4 0.5
o ,C NAMNERIE L
b b b C 2 C
Fig.2 Relationship diagram between C value and
internal and exteral duct
2.2
2.3
b b b



83

32
’ o s 0.39 m,
. 89.3%, 0.34 m, 77.6%,
s 4 o 4
. , 5% .
b b b b K
, o 0.3~0.4 o
’ ’ ’ K O. 3 d
, o 0.5 , o
3 0.37 4 /
[15] 0.36 1
° s 0.35 1
I’ 0.34 1
0.33 1
032 - /./—‘/4
0.I20 0.I25 O.I30 0.I35 O.I4-O 0.I4-5 O.ISO
Wt
mitiee e B A WFEHH
(a) AR PIE (b) HHABAL N PR 4
3 Fig.4 Curve diagram of relationship between
Fig.3 Grid diagram of double-duct pumps contraction ratio and lift
3 b
, 5% ’ 84 %
3.1 8% , 75% .
’ 8 % ’ 2 % b
’ ’ 0 K O. 3 nd O. 5
K. 0
k=R K 9 S g
L, K ,
:R 1 9 ’ . ’
;R 2 ’ ’
H L 0 ’ ’ °
, K >0, )
K 0.2,0.3,0.4.0.5 o , o

3.2



84 2020 5

JEF1/Pa
2.90e+003
2.48e+003
2.07e+003
1.65e+003
1.24e+003
8.21e+002
4.05e+002

H ~1.05e+001
—4.26e+002
—8.42e+002
—1.26e+003
~1.67e+003
—2.09e+003
-2.51e+003
—2.92e+003
—3.34e+003
—3.75¢+003
—4.17e+003
—4.58¢+003

B _500c+003

5

Fig.5 Cloud diagram of pressure on impeller surface

’ ’ ° ’ K=0.4
, ,K=0.3 o

-
-

(o)
o

o
-
-

. 7K:0.5 ’ ’ ’

FEF1/Pa
2.90e+003
2.48e+003
2.07e+003
1.65e+003
1.24e+003
8.21e+002
4.056+002
—1.05e+001
—4.26e+002
—8.42e+002
1.26e+003

1 A7a1002
LG {CTUUS

2.09e+003
—2.51e+003
—2.92e+003
—3.34e+003
—=3.75e+003
—4.17e+003
—4.58e+003
—5.00e+003

(c) K=0.4 (d) K=0.5

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
) Fig.6 Cloud diagram of pressure on impeller bac



32 85

0.3~0.5 o ; ,

3%/ (m-s™)
6.965e+000
6.578e+000
6.191e+000
5.804e+000
5.417e+000
5.030e+000
4.643e+000
4.256e+000
3.869e+000
3.482e+000
3.095e+000
2.709e+000

| 2.322e+000
1.935e+000
1.548e+000
1.161e+000
7.739e-001
3.869e—001
0

() K=0.4 (d) k=05
7

Fig.7 Flow rate diagram of whole passage

) 1.4 ms/s )

. . . 3%, 3%
. K=0.2 K=0.3 ,
JK=0.4 3%, ;
JK=0.5 . . .

. ,K:O.S ) )

b 9 9 b

o , o 60 % 0.62Q ~1.08Q,

8 .

4
Q=13 L/s,
O.6Q4 . 0.6,5% ) o ) ( DR
(C)1994-2020 China Academic Journal Electronic Publishing House. A(I)I 21511131'485@1'\6(1. http://www.cnki.net



86

2020 5
80
"
[ | - 70 4 / _\
0.4 \'/_ —‘i\ -/ \
AN 60 o \
. N / \
= \ R v \
i \ = / \
i \ T / \
021 \ w0y A .
\ 0l J
. o
T T T T T T T T 2 T T T T T T T T
0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018
RO/ -s™) Wi o/m'-s™)
(2) W ERIHFRNZE (b) TR LR
8
Fig.8 Efficiency diagram of flow and lift
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Study on the Structure of Double-duct Water-jet Propulsion Pump

Han wei"?,Li Zhongheng' , Han Yang',Xu Dandan',Guo Wei'
(1.College of Energy and Power Engineering , Lanzhou University of Technology ,Lanzhou 730050 ,China ;
2.Key Laboratory of Fluid machinery and Systems ,Gansu Province , Lanzhou 730050 ,China)

Abstract In the traditional way, researchers tend to use power plant with high power, large diameter,
and low shaft speed to improve the performance of water-jet propulsion pump. However, reducing the
shaft speed of impeller will lead to low flow velocity and low working efficiency on the impeller in the cen-
ter. In order to solve this problem, a parallel structure of double-duct water jet propulsion pump was de-
signed. By the numerical simulation method, the hydraulic performance of double-duct pump was prelimi-
narily studied, and the hydraulic characteristics of each pump were studied by calculating single pump to
determine the optimal duct ratio. When drawing the external pump, its specification was obtained by figu-
ring out the reasonable tip hub ratio, considering the influence of hollow on the wheel hub strength, and
calculating the torsional section modulus. With the optimal duct ratio, the inlet and nozzle were optimized
to improve their hydraulic performance and provide reference for the design of this kind of propulsion
pump. When the internal and external duct ratio was 0.45, the flow increased to the maximum extent, that
is about 9%. With the optimal duct ratio, when the appropriate inlet and outlet nozzle structures were de-
termined and the dimensionless parameter nozzle contraction coefficient K was defined. It was found that
the double-duct pump with a nozzle contraction ratio of 0.3 had better water conservancy performance. The
flow power of double-duct water-jet propulsion pump is significantly improved, but the lift efficiency needs
to be further optimized.

Key words Double-duct pump; Water-jet propulsion; Optimal duct ratio;Nozzle contraction coefficient
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pits and delamination after two years. With the advance of time,the delamination depth of the leading edge
of each section of airfoil keeps increasing,and a large number of new sand holes are generated near the ex-
isting sand holes. The transverse size and local depth of most sand holes and pits gradually increase, and
some adjacent sand holes and pits gradually connect to form a new and bigger pits and local delamination.
With the constant impact of particles, the transverse dimensions of pits and local delamination are expan-
ding along the direction of string,and the wear degree of airfoils is increasing.

Key words Wind turbine; Airfoil; Wear process; Numerical simulation



