Agricultural Engineering (Scientific Journal of Agriculture), 47 (3), Fall, 2024

[ Research Article I

Agricultural Engineering, 47(3) (2024) 375-389 ISSN (P): 2588-526X

DOI: 10.22055/agen.2024.47124.1732 ISSN (E): 2588-5944

Design, Construction and Performance Evaluation of a Novel
Combinatorial Compressed Air Driven Water Pump

S. Saki !, M. E. Khorasani Ferdavani %, S. M. Safieddin Ardebili ® and A. Soltani Mohammadi *

1. Former M.Sc. in Mechanic of Biosystems Engineering, Faculty of Agriculture, Department of
Biosystems Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran.

2. Assistant Professor, Department of Biosystems Engineering, Faculty of Agriculture, Shahid Chamran
University of Ahvaz, Ahvaz, Iran.

3. Associate Professor, Department of Biosystems Engineering, Faculty of Agriculture, Shahid Chamran
University of Ahvaz, Ahvaz, Iran.

4. Professor of Irrigation and Drainage Department, Faculty of water and environmental Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran.

Received: 9 June 2024  Accepted: 6 August 2024 “Corresponding Author: e.khorasani@scu.ac.ir

Abstract

Introduction: Compressed air is a versatile energy source used in various applications. However,
pumping water with compressed air requires specific designs. Various designs have been
proposed for pumping water using compressed air. Some of these designs include Air jet pumps,
air-lift pumps, diaphragm pumps, and hydro-pneumatic pumps (discrete flow). The hydro-
pneumatic pump is composed of a chamber with two unidirectional valves for charge and
discharge, separated by a well. Additionally, it includes an internal tube connected from the top
to the outlet unidirectional valve. As compressed air enters the chamber, it applies pressure on the
water surface within the chamber, resulting in the closing of the intake valve and the opening of
the outlet valve, facilitating the upward pumping of water through the internal tube. Studies have
been carried out in the field of jet pumps and air-lift pumps. However, the notion of enhancing
flow rate and efficiency by integrating the pumping mechanisms of these pumps gave rise to the
original idea of developing a hybrid water pump with a compressed air driver. The primary goal
was to approach the efficiency of a hydro-pneumatic pump and simplify the design, allowing
water pumping without needing for sensors or control systems.

Materials and Methods: To assess the compressed air water pump and compare its performance
with a hydro-pneumatic pump, a prototype with similar dimensions was constructed. By turning
on or off and combining three compressed air nozzles within the pump structure, it was possible
to operate the combinatorial compressed air pump in four different modes. During field
experiments, the performance, which included measuring input air pressure, flow rate, and water
pumping height, was measured. Additionally, the efficiency of the combinatorial compressed air
pump was calculated under experimental conditions. Field experiments was conducted using a
factorial design in randomized complete blocks. Treated variables included immersion depth (4
levels), inlet air pressure (6 levels), pump types and their working modes (5 levels). Discharge
flow rates and water pumping height were measured in four replications. At post processing,

® © 2024 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-access article distributed
@ under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which
BY

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://doi.org/10.22055/agen.2024.47124.1732
mailto:e.khorasani@scu.ac.ir

376

Agricultural Engineering (Scientific Journal of Agriculture), 47 (3), Fall, 2024

pumping efficiency calculated. Analysis of variance and post-hoc tests were conducted to analyze
the significant effects of treatment variables and their interactions to identify the best level for
each treatment across different levels of other treatments, interaction slicing was employed. The
results were presented in charts and tables.

Results: The variance analysis revealed a significant difference at 1% probability level among
pump types, immersion depth, input air pressure, and their interactions on water pump flow rate.
Increasing submergence depth led to higher flow rates in the hydro-pneumatic pump,
Combinatorial pneumatic pump, Bubble pump, Bubble and Airlift combined pump, and air-lift
pump. Additionally, raising input air flow resulted in increased water pumping rates for all types
of pumps.The hydro-pneumatic pump exhibited higher flow rates compared to other pumps,
attributed to its positive displacement structure. The flow rate in all pumps increased with higher
input air pressure due to the increase in air flow.The variance analysis on pump efficiency
showed significant differences at 1% probability level in input air pressure levels, Immersion
depth, pump type, and their interactions. With increased Immersion depth, pump efficiency rose
in the following order: combinatorial pneumatic pump, hydro-pneumatic pump, bubble pump,
bubble and airlift combined pump and air-lift pump, and air-lift pump. The combinatorial
pneumatic pump showed the most positive impact of immersion depth on efficiency. Immersion
depth, inlet air pressure, and pump type significantly impacted discharge rate and pump
efficiency. With increased immersion depth and air pressure, discharge and efficiency rose for all
pump models and operating modes. The hydro-pneumatic pump achieved higher efficiency and
discharge due to its different structure. At 2 m immersion depth, the best performance among all
pump models and modes was observed: airlift pump (10.3% efficiency), bubble pump (20.8%),
bubble and airlift combined pump (19.3%), pneumatic combined pump (27.1%), and hydro-
pneumatic pump (25.2%).

Discussion: While the hydro-pneumatic pump offered superior performance, the compressed air
pump's simpler structure and lack of electronic control circuitry present advantages. Future
research could explore optimizing the compressed air pump design for improved efficiency while
maintaining its structural simplicity. Due to structural differences, the hydro-pneumatic pump
exhibits significantly higher efficiency (approximately 54%). It was expected that this efficiency
would be maintained with increasing pressure, but due to the limited immersion depth in the
experiments and dimensional mismatch of the pump with high input air pressure, we observed a
decrease in efficiency at higher pressures. This indicates that for each submergence depth and
pump head, there is an optimal pressure that the pump dimensions should be designed to suit.

Keywords: Water pump, pneumatic combined pump, hydro-pneumatic pump, air-lift pump,
bubble pump.
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Table (2) Slice test results for the interaction effect of pump type (a) and immersion depth (b) on
water pump discharge
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Figure (3) Interaction effect of pump type (1: Airlift pump, 2: Bubble pump, 3: Combined airlift and
bubble pump, 4: Pneumatic combined pump, and 5: Hydro-pneumatic pump) and immersion depth

on water pump discharge
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Table (3) Interaction effect slice table for pump type (A) and inlet air pressure (C) on pump

discharge
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Figure (4) Interaction effect of pump type (1: Airlift pump, 2: Bubble pump, 3: Combined airlift and
bubble pump, 4: Pneumatic combined pump, and 5: Hydro-pneumatic pump) and compressor air

pressure (six levels) on pump discharge.
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Table 4. ANOVA results for the effect of treatments on pump efficiency
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Table (5) Interaction effect slice table for the pump type (a) at the immersion depth (b) on pump

efficiency
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Figure. (5) The effect of the immersion depth on the efficiency of (1: Airlift pump, 2: Bubble pump, 3:
Combined airlift and bubble pump, 4: Pneumatic combined pump, and 5: Hydro-pneumatic pump)
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Table (6) Cutting table interaction of pump type (A) at compressor air pressure (C) on pump

efficiency
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Figure. (6) Comparison of the interaction between the pump types (1: Airlift pump, 2: Bubble pump,

3: Combined airlift and bubble pump, 4: Pneumatic combined pump, and 5: Hydro-pneumatic)
pump and inlet air pressure on the efficiency

L33 Yo /A (Eill s s Sy g 4 IS Sl (6l
S5 ey Sl Ao VWY (i e
P SRR PN ST A A e B BT S s e
B S5l s s ey (Gl oy YO/Y 5 il
OF b jiad) & 5L3 53 &S la g g5kt ony Ol
L obdly ol Coy o0 Hlasl W28l 21581 55 ds s
Ge Cusgdoee s 4 Lol gd Las Hlas il sl
by ol (Saloal 5 b 5lsT s gosdb s
Sl dals SVL laylid s g5 lsr YL L
DU el aw o Sl s S5y SEET Olalit
b s S lgsasda ey Sl A (el ) L

.:ﬁbb.\.’vbdﬁjz’;ﬁL;\;\;M\iﬁlésjjj‘_;lﬁ

S ol
sl 5 ash prome Sisle ) Alie OB s 5
o 3 Il Colem ol el Ol s oKl
Sy oled 4 Shagy ony sl LB > ey,
Aula g s ,d5 A8/ YN PHV

G

Glon O oy sl G &S Rasn ol o

ESGlesiskd Gy s sl (b (oS 500
bl bl 4 awlas Oledily 5 (0o B
wlie oalal > &fj 03,40 (Gl oy (Sl
b o b dle b ods asle $Slegsgy ks s
3 odd b 03,48 glen J3U aw S 5 g 05 ge
Slsr g Gl Calies ()8 Ao Hler (g Lo
Jole 0 Shas odgdoms 39 Ll BB S 5 05,08
5 gl Al ST Sl i)l 5 (23 cs35)5 lpn i
bl Ll i s S5 es 88 (glen ey Oledil
o9l st Gas m p 5 Sl el b s S alis
Sl ool pme Jl ey (93 2 2505 Sl LES
ORI Gy Joe gy 2 53 (85 B 05051 b
by (22 505 sleolid 5 shsabs Ges
Lg\ﬁw:cwjj.))}adu%w)é el Aol
A S e 55 sk Ges )3 (oS 5 e,k

YAA



389

Agricultural Engineering (Scientific Journal of Agriculture), 47 (3), Fall, 2024

References

1.

10.

11.

12.

Ajami, A., Sarreshtehdari, A. and Keyhani, H. 2015. Experimental study of gas injection parameters on
the performance of airlift pump and its improvement. Journal of Mechanical Engineering University of
Tabriz, 46 (4), 171-179. [In Persian with abstract]

Enany, P., Shevchenko, O. and Drebenstedt, C. A. 2022. Particle transport velocity in vertical
transmission with an airlift pump. Fluids, 7(3), 95. https://doi.org/10.3390/fluids7030095

Goswami, S. and Rai, A. K. 2022. Estimating suitability of groundwater for drinking and irrigation, in
Odisha (India) by statistical and WQI methods. Environmental Monitoring and Assessment, 194(5),
502. https://doi.org/10.1007/s10661-022-10099-4

Hanafizadeh, P., Karimi, A. and Saidi, M. 2011. Effect of step geometry on the performance of the
airlift  pump. International Journal of Fluid Mechanics Research, 38(5), 387-408.
https://doi.org/10.1615/InterJFluidMechRes.v38.i5.10

Karunakaran, S. 2017. Development of geyser pump for lifting solid particles in a continuous rotary
dissolver, Unpublished doctoral dissertation. https://api.semanticscholar.org/CorpusiD:218480749

Khorasani F., M. E., Borgheie, S. A. M. and Akram, A. 2006. Using wind energy to pump water with
wind turbines. Second Student Conference on Agricultural Machinery Engineering, Karaj. [In Persian
with abstract]

Khorasani F., M. E., Borgheie, S. A. M., 2015, Hydro-Pneumatic Agri-Industrial Water Pump, IR
Patent 86224, Field. July, 15, 2015 and issued Jan, 20, 2015. [In Persian with abstract]

Mohrous, A. 2014. Performance of airlift pumps: Single-stage vs. multistage air injection. American
Journal of Mechanical Engineering, 2(1), 28-33. https://doi.org/10.12691/ajme-2-1-5

Nicklin, D. J. 1963. The airlift pump: Theory and optimization. Transactions of the Institution of
Chemical Engineers, 41, 29-39.

Omar, I., Saleh, A. A. M. 2023. A Comprehensive Review of Design and Operational Parameters
Influencing Airlift Pump Performance. Mathematical Modelling of Engineering Problems, 10(3), 1063-
1073. https://doi.org/10.18280/mmep.100342

Abou Taleb, F. S., and Al-jarrah, J. A. 2017. Experimental study of an airlift pump. Engineering,
Technology and Applied Science Research, 7(3), 1679-1680. https://doi.org/10.48084/etasr.1207

Zuo, J., Li, F., Zhang, N., He, D., Wang, W., and Zhang, J. 2020. Experimental study on hydraulic
characteristics of pneumatic lifting pump. Water, 12(2), 388. https://doi.org/10.3390/w12020388



https://doi.org/10.3390/fluids7030095
https://doi.org/10.1007/s10661-022-10099-4
https://doi.org/10.1615/InterJFluidMechRes.v38.i5.10
https://api.semanticscholar.org/CorpusID:218480749
https://doi.org/10.12691/ajme-2-1-5
https://doi.org/10.18280/mmep.100342
https://doi.org/10.48084/etasr.1207
https://doi.org/10.3390/w12020388

