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1.Secondary flow tube 2.Primary flow tube 3.Control ring 4.Annular nozzle 5.Suction chamber 6.Throat tube 7. Pressure measuring hole 8.Diffuser

W DOARRR AR HAE B, 80 mm; D, b TAEWMAHIZE HZ, 100 mm; DA ER, 60 mm; Dy A IOEEHA, 125 mm; L AR BKE, 1480 mm;

o AWAES, 39° BN, 70

Note: Dj is secondary flow tube diameter, 80 mm,; D, is primary flow tube diameter, 100 mm; D; is throat tube diameter, 60 mm; Dy is outlet tube diameter, 125 mm; L, is

total length, 1 480 mm; « is reduction angle, 39°; § is diffusion angle, 7°.
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Fig.1 Sketch map of annular jet pump
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b. Experiment rig
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1.Inlet chute 2.Annular jet pump 3.Pressure transducer 4.Electromagnetic
flowmeter 5.Outlet hose 6.Recycling tank
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Fig.2 Experiment rig of fruits and vegetables transportation
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Table 1 Features of fruits and vegetables

PPN W Tk SEERHE R
Species of fruit and Densit%// S}:ape Average feature sizes
vegetable (kg'm™) LxR/(mmxmm)
¥ Potato 1057.47 LliEESIA 56.8x37.5
% N Carrot 1025.18 KFETE 198.4%x39.5
X4 Cherry tomato 992.88 HHERTE 30.4x28.6
4F% Kumquat 939.10 Wik TE 31.4x29.7

Ee LRRRBKE, RERRHEE .
Note: L is length of fruits and vegetables, R is diameter of fruits and vegetables.
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Note: Area ratio is 3, and transportation height is 1.95 m.
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Fig.3 Figure of data deviation
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Note: Area ratio is 3, and transportation height is 1.40 m.
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Fig.4 Transportation capacity of potato using different inlet devices
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a. Capacity of transportation under different flow ratios
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b. Flow rate and pressure of secondary flow under different flow ratios
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Note: Area ratio is 3, and transportation height is 1.75 m.
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Fig.5 Capacity of transportation and flow rate and pressure of
secondary flow under different flow ratios
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Fig.6 Swing and blocking phenomenon of carrot
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Note: Area ratio is 3, and transportation height is 1.75 m.
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Fig.8 Hydraulic power and energy consumption per unit mass
under different flow ratios
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Fig.9 Damage of fruits and vegetables
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*2 REHHAE
Table 2 Damage test of fruits

e T e P—
Speciesof Rkl AME - WREME  mggy g SR il R
. R Mass before Mass after Damaged area 2
fruits and ~ Flow ratio . . Mass loss/g  Mass loss rate/% 2 Surface area/mm”  Surface damaged rate/%
transportation/g transportation/g /mm’
vegetables
0.900 823.7 822.6 1.1 0.13 676 100 354 0.67
EENECS: 3 0.802 806.8 806.6 0.2 0.02 667 98 295 0.68
Potato 0.701 890.9 890.6 0.3 0.03 108 108 541 0.10
0.563 821.1 821.1 0.0 0.00 0 105 967 0.00
0.900 536.3 5352 1.1 0.21 822 68392 1.20
(R 0.802 618.5 617.8 0.7 0.11 493 63 855 0.77
Carrot 0.701 643.5 643.1 0.4 0.06 436 70 619 0.62
0.563 554.4 554.1 0.3 0.05 240 64 854 0.37

e AR 3, HikmE Sy 2.15 m.

Note: Area ratio is 3, and transportation height is 2.15 m.
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Experiment on using modified annular jet pump to deliver different fruits
and vegetables

Long Xinping, Zou Jialin, Xu Maosen, Zuo Dan, Long Yun, Wang Jiong
(1. Key Laboratory of Hubei Province for Waterjet Theory and New Technology (Wuhan University), Wuhan 430072, China;
2. School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: With the development of agricultural industry, the requirement of fruits and vegetables conveying is increasing,
the traditional way of gradually conveying fruits and vegetables cannot satisfy demand. As a result, the improvement or
innovation of the way of fruits and vegetables conveying is particularly important. Compared with the traditional way of
fruits and vegetables conveying, the use of annular jet pump (AJP) for fruit and vegetable conveying have the advantages
of nondestructive, reliable, fast and strong adaptability, etc. In this study, we conducted experiments to search the
performance of annular jet pump with the throat diameter of 60 mm and area ratio in 1.75 and 3 to measure its
transmission capacity for transporting different fruits and vegetables (potato, carrot, cherry tomato and kumquat) under
different conditions. We also analyzed the effect of various factors (flow, head, and fruit and vegetable species) on the
transmission capacity, recorded and analyzed the damage in the process of conveying fruits and vegetables. Considering
the characteristics of the fruits and vegetables conveying, a conical net tube was used to centralize fruits and vegetables
with extremely low possibility of mechanical damage and the lift of AJP was used to control the outlet pressure instead
of the outlet tube valve, which avoided potential mechanical damage on fruits and vegetables. Based on the experiments,
we demonstrated the impacts of flow ratio and the lift of AJP, as well as different fruits and vegetables on the capacity in
fruits and vegetables conveying. The experimental results show that: 1) the maximum transmission capacity of potato,
carrot, cherry tomato and kumquat were 3 038.13, 2 158.83, 2 302.92, 1 949.50 kg/h, respectively. The performance of
transmission capacity of four fruits and vegetables changes with flow ratio was similar. The transmission capacity
increased with the increase of flow ratio under the same area ratio and lift of AJP because the secondary flow rate
increased and pressure decreased. Energy consumption per unit mass changed little under small flow ratio but increased
sharply under big flow ratio when the hydraulic power continuously increased; 2) the transmission capacity decreased
with the increase of lift of AJP under the same flow ratio and area ratio because the secondary flow rate decreased and
pressure increased; 3) conveying fruits and vegetables with ellipsoid shape was easier than fruits and vegetables with
elongated shape, conveying fruits and vegetables with large density was easier than fruits and vegetables with low
density; 4) there was no damage in the process of conveying cherry tomatoes and tomatoes when there were scratches on
the surface of the potatoes and carrots. The maximum mass loss rates were 0.13% and 0.21% and the maximum surface
loss rates were 0.68% and 1.20% for potatoes and carrots, respectively. Consequently, the main contribution of our work
was to demonstrate the influence of flow ratio, H, and different fruits and vegetables on the transportation of fruits and
vegetables and to discuss the potential damage risks caused by operation conditions for fruits and vegetables in the AJP.
More importantly, the present paper proves the potential of AJP for fruits and vegetables conveying and provides
references for the optimization of AJP, which aims to minimize the fruits and vegetables damage rate and improve the
transportation capacity of fruits and vegetables.

Keywords: pumps; crops; experiments; annular jet pump; fruits and vegetables conveying; transmission capacity; damage
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