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Analytical method for predicting hydraulic performance
of jet pump installations

ZOU Chenhai, LI Hong" , XIANG Qingjiang, TANG Pan, CHEN Chao
(National Research Center of Pumps, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract; An analytical method for predicting hydraulic performance of a jet pump installation was
proposed by updating the existing graphic method and validated experimentally. Based on the measured
dimensionless head—flow rate curve of a jet pump and the head—flow rate curve of a centrifugal pump,
the hydraulic performance curves of the jet pump installation were predicted at various dimensionless
flow rates and compared with those measured at 4.5 m and 9.0 m suction heights, respectively. It turns
out that the error in the analytical method is overall lower than in the graphic method, as a result, the
dependence of the jet pump head on its dimensionless flow rate has been even better represented by the
former. Note that the error at a few operating points still is notably large, obviously, an update on the
method is need. So a correction factor, i.e. the ratio of a predicted head to the tested head was used to
correct the jet pump head H_. Then influences of suction height, area ratio, nozzle diameter, flow rate

ratio, distance between throat and nozzle, length of throat and pump rotational speed on H_, were
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identified by employing Plackett—Burman experimental design method. The critical factors affecting the

correction factor were found to be the area ratio and flow rate ratio. Finally, an empirical formula for

the correction factor was best fitted ( correlation coefficient 0.99) by using genetic algorithm in terms of

flow rate g and area ratio m. The predicted jet pump heads were contrasted with those measured at 3.5

m and 8.0 m suction heights. It is shown that the errors in the head are less than 5% at each working

point. Thus, the heads predicted are subject to a high reliability.

Key words: jet pump installation ; performance prediction ; performance test; head ; correction coefficient
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Fig.1 Schematic of test rig for jet pump installation
with suction height
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Fig.2  Schematic of structure for jet pump
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Tab.1 Heads predicted by analytic method at dif-
ferent suction heights

+(1+¢)S. +S,|, (7)

H/m q h Hym /(¥ -h7h)  Hy/m
0.1 0.25 15.16 17.15 56.08
03 0.20 12.06 17.85 55.96
45 0.5 0.16 9.58 18.23 55.89
0.7 0.15 8.99 19.06 55.73
0.9 0.13 7.80 20.14 55.50
0.1 0.25 16.47 12.96 56.58
03 0.20 13.32 13.85 56.50
9.0 05 0.16 10.56 18.11 55.91
0.7 0.15 9.91 11.87 56.66
0.9 0.13 8.42 19.95 55.54
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Tab.2 Heads predicted by graphic method at dif-
ferent suction heights

H/m q h H./m Q/(m3 -+ h7l) Hy/m
0.1 0.25 14.41 26.92 53.53
0.3 0.20 11.23 30.86 51.96
4.5 0.5 0.16 8.76 34.64 50.17
0.7 0.15 7.87 38.27 48.17
0.9 0.13 6.61 41.11 46.43
0.1 0.25 16.10 18.77 55.79
0.3 0.20 13.03 14.61 56.43
9.0 0.5 0.16 9.51 33.17 50.90
0.7 0.15 9.30 26.95 53.52
0.9 0.13 7.46 37.36 48.75
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Tab.3 Experimental results at different suction heights

H/m q h H/m Q/(m3 - h7) H/m
0.1 0.25 15.32 13.64 56.52
0.3 0.20 12.93 16.39 56.19
4.5 0.5 0.16 11.32 12.99 56.58
0.7 0.15 8.51 24.71 54.27
0.9 0.13 6.62 27.82 53.24
0.1 0.25 17.03 14.12 57.32
0.3 0.20 13.87 9.60 58.85
9.0 0.5 0.16 11.02 9.89 58.75
0.7 0.15 9.92 19.59 55.47
0.9 0.13 7.48 31.64 49.42
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Tab.4 Two levels of 11 factors in Plackett—Bur-
man experimental design

D/ , Do/ g w/(r

KFE H/m m h o A B C D
mm mm min~1)

1 9.0 40 21 0.6 20 6.0 2 900 11 1 1
-1 45 25 13 0.3 10 4.8 2030 -1 -1 -1 -1
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Tab.5  Plackett — Burman experimental design
cases and results

D .
G H/m m Dymm g w/ Ry, w/(x

mm min~!)
11 -1 -1 -1 1 -1 1 1 -1 1 1 0645
2 1 -1 1 1 -1 11 1 -1 -1 -1 0833
3001 -1 1 11 -1 -1 -1 1 -1 1 1338
4 -1 1 -1 | TS B | 1 1 -1 -1 0921
5 -1 1 -1 1 11 -1 -1-1 1 108
6 1 1 -1 -1 -1 1 -1 11 -1 1 1566
7 -1 -1 -1 1 1 -1 1 1 1 -1 1216
8 -1 -1 -1 1 -1 11 -1 1 1 1 0641
9 1 1 1 -1 -1 -1 1 -1 1 1 -1 149%
10 1 1 -1 11 1 -1 -1 -1 1 -1 1962
m -1 1 1 1 -1 -1 -1 1 -1 1 1 1661
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1.263
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HEEH (D) 0.000538 1 0.000 538 0.013536  0.913 0
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Tab.7 Comparison of predicted and experimental
heads

3.5 m g | 8.0 m W =i

WS g
H.wm H,,/m e/% H.wm H,,/m e/%
1 0.2 12.64 13.18 4.3 14.75 14.25 3.4
2 0.4 9.85 10.31 4.7 11.13 10.67 4.1
3 0.6 8.67 8.40 3.1 9.08 9.31 2.5
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