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Table 1 Design specifications of reference model
S8 H 24 {1
Parameters Values Parameters Values
Wit i
Design head/m 126 Rotation speed/(r'min™") 1450
B 04 e s
Design flow/(m*-s™) ’ Blade numbers
MR 320 3k s
Impeller diameter/mm Specific speed
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1.Inlet pipe 2.Impeller 3.Diffuser 4.Outlet pipe 5.Shroud mesh 6.Hub mesh

B 1 AR AR E A R A4 32
Fig.l1 Calculation domain and mesh refine near the wall
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Note: Qqes represents design flow, m™-s™;  Hges represents design head, m.
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Note: Lg is the leading edge loading, N is the horizontal coordinates of first loading
point, Np is the horizontal coordinates of second loading point, K is the slope of
middle straight, the subscripts h and s represent hub and shroud, respectively.
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Fig.3 Blade loading distribution along the streamline
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axis. Ly and Lg represent the X axis coordinates of the intersection point of the
blade leading edge with hub and shroud. 7, and T7s represent the X axis
coordinates of the intersection point of the blade trailing edge with hub and
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Fig.4 Meridional plane of impeller
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Table 2 Design parameter value and normalized level
- ERACRTT BB G
IZJ;‘?ZI Normalized load parameters Geometric parameters/mm
Lgn Ncn Npn Ky Lgs Nes Nps K St Ly Ls T Ts
1 -0.2 0.1 0.5 -1.6 -0.2 0.1 0.5 -1.6 -20 -94.5 -140 -18 -84
2 0 03 0.7 0 0 03 0.7 0 0 90.0 -133 -16 -80
3 0.2 0.5 0.9 1.6 0.2 0.5 0.9 1.6 20 -85.5 -126 -14 -76
2.4 WMEFH H: —1.6. —126. 0.7. —0.2. 0.5. 20. 0.3. —85.5. 0.
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Table 3 Orthogonal design and calculation results

5 e il e 7L

F 5 Design parameter Efficiency/% Head/m

No. N A S A Is h fs 0850w 1150w 1.00uw
1 1 1 1 1 1 1 1 1 1 1 1 1 1 79.64 78.33 13.07
2 1 1 1 1 2 2 2 2 2 2 2 2 2 81.83 83.43 13.00
3 1 1 1 1 3 3 3 3 3 3 3 3 3 82.27 85.31 12.49
4 2 1 2 2 2 1 1 1 2 2 3 3 3 80.66 86.15 13.38
5 2 1 2 2 3 2 2 2 3 3 1 1 1 81.30 85.13 13.12
6 2 1 2 2 1 3 3 3 1 1 2 2 2 82.14 76.77 11.26
7 3 1 3 3 3 1 1 1 3 3 2 2 2 80.32 85.07 12.62
8 3 1 3 3 1 2 2 2 1 1 3 3 3 81.42 79.07 11.26
9 3 1 3 3 2 3 3 3 2 2 1 1 1 80.89 75.99 11.11
10 3 3 1 2 1 1 2 3 2 3 2 1 3 82.18 84.58 12.87
11 3 2 1 2 2 2 3 1 3 1 3 2 1 81.83 85.27 13.17
12 3 2 1 2 3 3 1 2 1 2 1 3 2 80.34 85.34 12.50
13 1 2 2 3 2 1 2 3 3 1 1 3 2 80.66 76.34 12.01
14 1 2 2 3 3 2 3 1 1 2 2 1 3 81.00 82.09 11.96
15 1 2 2 3 1 3 1 2 2 3 3 2 1 81.26 78.96 12.63
16 2 2 3 1 3 1 2 3 1 2 3 2 1 81.88 86.27 12.67
17 2 2 3 1 1 2 3 1 2 3 1 3 2 82.81 83.05 12.30
18 2 2 3 1 2 3 1 2 3 1 2 1 3 82.81 83.05 12.30
19 2 3 1 3 1 1 3 2 3 2 3 1 2 82.07 79.97 12.53
20 2 3 1 3 2 2 1 3 1 3 1 2 3 80.38 82.69 12.22
21 2 3 1 3 3 3 2 1 2 1 3 2 1 80.49 83.55 12.90
22 3 3 2 1 2 1 3 2 1 3 3 2 1 81.94 86.20 12.79
23 3 3 2 1 3 2 1 3 2 1 1 3 2 81.28 86.51 13.18
24 3 3 2 1 1 3 2 1 3 2 2 1 3 82.55 82.21 12.14
25 1 3 3 2 3 1 3 2 2 1 2 1 3 80.43 81.03 12.31
26 1 3 3 2 1 2 1 3 3 2 3 2 1 81.74 75.58 12.08
27 1 3 3 2 2 3 2 1 1 3 1 3 2 82.33 82.87 12.13

e ] Ien~ nchs MDhs Ans lEss Mcss MDss Ksn ST~ Ias Ise [h;}‘u lsﬁ%uﬁﬂ?‘ﬁﬁ Len~ Nens Nons Kns Less Ness Npss K St Lo Lse Th;}‘u Ts |:|4]7qu§(°
Note: /gn~ nich~ Bph~ kn~ less Boss Mpss ks ST~ Ih Is+ ty and tg represent the level of the parameters Lgn~ Nchs Nphs Khv Less Ness Npss Ksv St~ Lo Lsv Thand

Ts, respectively.
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Table 4 Range analysis results of pump section efficiency and head at different flow conditions

K5 e TR A, e M i KA R %

Vit i Flow TiH Item /K Level Len Nen Non Ky L Nes Nps K, St Ly Ls Ty Ts
e 1 8124 81.16 81.23 81.77 8l.64 81.09 80.94 81.17 8123 81.19 80.88 81.50 81.22
Effi(cienc 2 81.50 81.52 8142 81.44 8148 8139 81.63 8149 8120 8144 81.61 8140 8141
0.850 ! Y 3 8142 8147 8151 8094 81.03 81.68 81.59 8149 81.73 81.53 81.67 8125 8152
- des =] 3
.Hjj(%{a 0.26 0.36 0.28 0.83 0.61 0.59 0.69 0.32 0.54 0.34 0.79 0.25 0.30
Maximum difference
P {H P-value 0430 0.185 0219 0.002 0.015 0.018 0.010 0.164 0.038 0.146 0.003 0274 0.185
M 1 8044 81.70 83.16 8372 79.74 82.66 8241 83.08 82.18 81.10 81.03 82.06 81.70
Eff)':cienc 2 82.86 82.68 8226 8252 8244 8244 82.61 8246 8249 81.89 8226 8241 82.06
1150, Y 3 8336 8229 8124 8042 8448 81.56 81.65 81.12 8199 83.67 8338 82.19 8291
. des =) P
.ﬁj(?‘,ﬁ 2.92 0.98 1.93 3.31 4.74 1.10 0.96 1.97 0.49 2.56 235 0.35 1.21
Maximum difference
P {H P-value 0.001  0.290 0.004 0 0 0.063 0.181 0.003 0.736  0.002 0.001 0.808 0.043
B 1 1241 1237 1275 12,69 1227 12,69 12.66 12.66 1221 1238 1234 1247 1261
HeaJ:i 2 12.55 1252 1250 1254 1246 1251 1245 1249 12,66 1237 1242 1245 1242
1.00 3 1240 1247 1212 1214 1264 1216 1225 1221 1249 1261 1260 1244 1233
- des =) P
.ﬁj(?‘,ﬁ 0.15 0.15 0.63 0.56 0.37 0.53 0.42 0.45 0.46 0.23 0.26 0.03 0.29
Maximum difference
P {H P-value 0991 0441 0.001 0.001 0.018 0.002 0.009 0.005 0.053 0.123 0.075 0.833 0.053
e P<0.05 2R PEAE R K.
Note: P < 0.05 indicates a significant correlation with performance.
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Fig.7 Blade surface vector and pressure distribution
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Fig.8 Velocity cloud at 0.95 blade height
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Optimization of the mixed flow pumps with coupled geometric and
loading parameters

WANG Mengcheng®, XIA Hepeng? YAN Honggin?, JIANG Hongying?, YUAN jianping®, CHEN Songshan®*
(1. College of Electrical and Energy Power Engineering, Yangzhou University, Yangzhou 225127, China;
2. Hydraulic Engineering Science and Technology Consultation Limited Company of Jiangsu Province, Nanjing 210029, China;
3. National Research Center of Pumps, Jiangsu University, Zhenjiang 212023, China)

Abstract: Mixed flow pumps have been widely used in agricultural irrigation and drainage, industrial water circulation, and
ship propulsion systems, due to their excellent overall performance. It is a high demand to optimize mixed-flow pumps for
better energy conversion efficiency in recent years. This study aims to explore the influence of geometric and loading
parameters on the energy characteristics, and then to further improve the optimization upper limit of the guide vane mixed flow
pump. A parametric optimization was also carried out on the impeller of a guide vane mixed-flow pump with a specific speed
of 511. Among them, the geometric and the loading parameters were taken as the design parameters, whereas, the pump
section efficiencies at 0.850 and 1.150.s were taken as the optimization objectives, and the pump section head under the
design condition was as the constraint condition. Taguchi design and numerical simulation were also combined in this case.
The inverse design method was adopted to verify the accuracy of numerical simulation. The results show that only 27 schemes
needed to be constructed in the optimal design of 13 design parameters with 2 optimization objectives and 1 constraint using
orthogonal design. Therefore, Taguchi design performed better in the multi-factor coupling optimization, which effectively
reduced the amount of calculation. The extreme difference analysis showed that the effect of each parameter on the efficiency
at 0.850.s was ranked in the descending order of Ky, Ly, Nps, LE;, Ncs, St, Ncn, L, Ks, T, Npn, Lin, and Ty, (Lg is the leading
edge loading, Nc is the horizontal coordinates of first loading point, Ny is the horizontal coordinates of second loading point, X is
the slope of middle straight, L, and Lg represent the X axis horizontal coordinates of the intersection point of the blade leading
edge with hub and shroud, 7} and T represent the X axis horizontal coordinates of the intersection point of the blade trailing
edge with hub and shroud, the subscripts h and s represent hubs and shroud, respectively.), in order to maximize the efficiency
at 0.85Qys in the levels of 1, 3,2, 1, 3, 2, 3, 2, and 1, respectively. Similarly, the effect of each parameter on the efficiency at
1.15Q¢es was ranked in the descending order of the Lgs, Ky, Lgn, Ly, Ls, K, Npn, Ts, Necss News Nps, St, and Ty, in order to
maximize the efficiency at 1.15Qq with the levels of 3, 1, 3, 3, 3, 1, 1, 3, 1, 3, 2, 2, and 2, respectively. The effect of each
parameter on the head at 1.0Qq. was ranked in the order of Npy, Ky, Nes, St, Kss Nps, Les, Ts, Ls, Ln, Nen, Lgn, and Ty, According
to the influence of each parameter on the optimization objectives and constraint, the geometric parameters (L, and L;) and the
load parameters (K, Lgs, Ncs and K;) posed a significant impact on the performance of the mixed-flow pump, which should be
considered in the optimization design. Compared with the original, the pump section head of the optimal model was basically
unchanged at 1.0Qy.s, which fully met the constraint requirements. Meanwhile, the pump section efficiencies at 0.850Q.s and
1.15Q4es increased by 0.90 and 2.25 percentage points, respectively, which fully meeting the optimization requirements. The
internal flow analysis showed that the pressure and velocity distribution near the blade leading edge of the optimized model
was significantly improved, compared with the original. In addition, the hydraulic losses of downstream components were also
significantly reduced in the optimized model, which was mainly due to the improvement of the uniformity of flow field
distribution at the outlet of the impeller. In conclusion, this finding can provide an important reference for the parameterized
optimization of turbomachinery, in order to save computational resources and maximize the optimization effect.

Keywords: mixed-flow pump; optimization; inverse design; geometric parameter; loading parameter; numerical simulation;
orthogonal design



