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ABSTRACT  ARTICLE INFO 

Good water quality in fish nursery cultivation greatly influences the harvest quality. 
Temperature and Ph can be maintained properly with proper air circulation. The main 
problem is that the best flow rate quality in fish ponds of 0.123m3/second is only 
achieved through the flow from the dam. In this study, the installation of hydram 
pumps in fish ponds was carried out with the angle of assessing the inflow and 
discharge to adjust to variations in the diameter of the inlet and outlet pipes, the height 
of the inlet pipe, and the height of the tank. The experimental design used L9 
orthogonal array Taguchi with four replicas. The result of this study was that the 
maximum value of the input flow rate was 305.73 cm3/second, and the discharge flow 
rate was 40.35 cm3/second. The maximum value was in the 8th composition; namely, 
the variation of the inlet pipe height was 200 in, the outlet pipe height was 350 cm, 
the inlet pipe diameter was 1 in, and the outlet pipe diameter was ½ in. 
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1.  Introduction  

Indonesia is the largest archipelago in the world located between two oceans, the Pacific Ocean and 

the Indian Ocean, consisting of 17,504 islands with a total land area of 1.922.570 km2. The fisheries 

sector in Indonesia consists of marine and inland capture fisheries and aquaculture and has an important 

role in supporting the national economy and food security. In terms of production, in 2019 Indonesia 

ranked second among countries in the world in total capture fisheries production and third in total 

aquaculture production in the world [1]. 

Good irrigation affects the quality of fish farming in ponds. Weather changes have an impact on the 

success rate of fish farming. Continuous rainy conditions can affect the pH condition of pond water, 

temperature changes that occur in pond water, changes in salinity and acidity, and the hardness of pond 

water [2]–[4]. Erratic weather conditions in the morning, afternoon, evening, and night should be safe for 

the temperature and pH of the fish pond water [5], [6].  

The problem is to achieve an effective and comfortable flow rate for fish pond water; an average of 

0.123 m3/sec is only achieved from the dam. As such, fish farmers without dams must use water pumps 

with high electrical power [7]. Irrigation aims to circulate the water so that the pond’s water temperature 

can stabilize and dissolve fish waste through the drain pipe [8]. 

A hydram pump is a pump that works by utilizing the gravitational force of water from a certain 

height flowing into the pipe and causing a dynamic force on the hydram pump valve [9], [10]. In this 

study, the hydram pump was tested for irrigation in fish breeding businesses in ponds. Thus, this study 

aimed to apply hydram pump installations that are effective in fish farming in ponds. There are several 
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ways to find the maximum flow rate and the composition of the hydram pump installation that gets the 

largest discharge based on test data and calculations using the continuity equation. 

 
2. Method 

This experimental research was conducted at Taman Kulon, Wiroko Village, Tirtomoyo Sub District, 

Wonogiri Regency, starting on July 20, 2022. The testing stage began with preparing tools and materials 

such as a 2-valve hydram pump, PVC pipe, pipe joints, water tanks, stopwatch measuring devices and 

measuring cups, and a pump installation framework. The height of the hydram pump outlet pipe varied 

between 300 cm, 350 cm, and 375 cm. The diameter of the hydram pump was 1 inch, and the height of 

the tank varied between 100 cm, 150 cm, and 200 cm. The diameter of the pipe exiting the air tube was 

varied between ½ inch, ¾ inch, and 1 inch, and the diameter of the inlet pipe to the hydram pump was 

varied between 1 inch, 2 inches, and 3 inches at an air tube diameter of 2 inches. The hydram pump 

construction is depicted in Fig. 1 

 

Fig. 1.  Double-valve hydram pump construction 

In determining the experimental design, the Taguchi system was applied to an L9 orthogonal array 

with a total of 4 factors and 3 levels. As shown in Table 1, the test consisted of 9 compositions with 4 

replicas of data collected.  

Table 1.  Experimental design of L9 hydram pump 

Composition Tank height 
Exhaust 

pipe hight 

Inlet pipe 

diameter 

Outlet pipe 

diameter 

1 2 3 4 

1 100 300 1 ½ ? ? ? ? 

2 100 350 2 ¾ ? ? ? ? 

3 100 375 3 1 ? ? ? ? 

4 150 300 2 1 ? ? ? ? 

5 150 350 3 ½ ? ? ? ? 

6 150 375 1 ¾ ? ? ? ? 

7 200 300 3 ¾ ? ? ? ? 

8 200 350 1 ½ ? ? ? ? 

9 200 375 2 1 ? ? ? ? 

At the testing and data collection stage, the flow rate value was obtained at the outlet pipe using a 

measuring cup and a stopwatch. Tables of flow rate data in and out of the pump test results were analyzed 

by applying the average and maximum value approaches. Then the confirmation analysis was carried out 

using a graphical approach that aimed to compare the effectiveness of the data between the test results 

and the calculation results between incoming and outgoing flowrate. 
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3. Results and Discussion 

Based on the research, data on the volume generated by the pump and the time needed to drain the 

water from a full tank volume to the end was obtained, as shown in Table 2. 

Table 2.  The discharge flow rate generated by the hydram pump 

Composition  Discharge flow rate (cm3/second) Sum Average  

  X1 X2 X3 X4   (cm3/second)  

1 33.8 30.5 26.4 30.95 121.65 30.41 

2 15.2 14.8 8.3 13 51.3 12.83 

3 2.1 1.4 1.5 2 7 1.75 

4 15.7 30.5 28.7 28.8 103.7 25.93 

5 14.4 12.6 10 9.6 46.6 11.65 

6 47.3 32 34.2 46.4 159.9 39.98 

7 19 16.9 12.5 16 64.4 16.10 

8 57.1 27.9 33.4 43 161.4 40.35 

9 40 42.1 41.6 36.6 160.3 40.08 

 

The maximum flow rate value was obtained at the composition of 8, with an average of 40.35 cm3/s. 

While the minimum flow rate value was achieved in composition 3 with an average discharge of 1.75 

cm3/s. The research results related to the analysis of two hydraulic ram pumps in parallel can pump more 

water than when operating with one hydram. However, the flow delivery rate was lower than the sum of 

the flows pumped by each ram when operating independently. The application of a single vertical flow 

installation is not effective enough [11]. 

Table 3 explains that the results of the value of the flow rate into the pump were obtained from taking 

data using a stopwatch measuring instrument when the pump was working from the volume of the tank 

filled with water until it ran out. The maximum time value data was achieved in composition 9, resulting 

in an average of 288.75 seconds. At the same time, the minimum value was obtained on composition 8, 

which achieved an average pumping time of 196 seconds. 

Table 3.  Pumping time 

Composition Pumping time (second) Sum Average  

  X1 X2 X3 X4    (Second) 

1 210 270 240 210 930 232.5 

2 210 290 300 260 1060 265 

3 285 280 265 250 1080 270 

4 280 265 285 270 1100 275 

5 260 245 290 250 1045 261.25 

6 280 250 270 280 1080 270 

7 250 280 260 265 1055 263.75 

8 210 170 190 215 785 196.25 

9 300 285 270 300 1155 288.75 
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In line with the results of research related to the application of hydram pumps that used sources from 

artesian water by using a large enough flow energy of water at a low place, the water would flow to a 

higher place with less water flow capacity. The capacity of water flowing to a higher place depends on 

the pressure difference between the inlet pipe and the discharge pipe pump [12]. 

The water tank was filled with 60 litres or 60,000 cm3, then divided by the average time obtained until 

the tank's volume was used up according to Table 3. Table 4 is the result value of the input flow rate of 

the pump based on the average time of each variation obtained from the calculation results of the 

continuity equation. 

Qin = Volume/ Time   () 

For example, Qin1 = 60.000/ 232.5 = 258.06 cm3/second 

Table 4.  Input flow rate the pump at a tank volume of 60,000 cm3 

Composition 

Time of tank volume runs out 

(second) 

Input flowrate  

(cm3/ second) 

1 232.5 258.06 

2 265 226.42 

3 270 222.22 

4 275 218.18 

5 261.25 229.67 

6 270 222.22 

7 263.75 227.49 

8 196.25 305.73 

9 288.75 207.79 

 

Table 4 is in line with the test results regarding the performance of the hydram pump based on 

variations in the angle of the waterfall. The best flow rate value was obtained by force of 11.18 N at an 

angle of 31o. Meanwhile, the best input flow rate was obtained by force 12.42 N at an angle of 22o. The 

suction force obtained was almost the same on average, namely 156.5 N for all variations of the waterfall 

inlet angle [13]. 

Following research into the optimization of the discharge volume on hydram pump installations, with 

the main addition of creating a threaded waste valve system, capable of controlling the opening and 

closing of the valve. So, the goal was to reduce the time needed to create an effective hammering 

momentum and effect. The water loss in the waste valve was reduced by about 20-30 % compared to the 

existing design at a mass flow rate of 0.10 kg/second. The result was that hydraulic ram pumps generate 

a lot of wastewater in the waste and delivery valves. As much as 90% of the incoming water would be 

wasted, and only 10% would be pumped to higher ground. Additional threaded control valves for both 

valves would help control any water loss [14]. 

Based on the results of testing the discharge in and out of the hydram pump in the research, a 

comparison of data was obtained, as shown in Fig. 2. According to the research results related to 

estimating the power and efficiency of the hydraulic ram pump with a recirculation system using a 

discharge calculation, the results were validated in standard fluid mechanics calculations to prevent water 

wastage [15]. 
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Fig. 2.  Comparison of the hydram pump input and discharge flow rate value 

The effectiveness of the hydram pump in flowing water in fish ponds is described in Table 5. The best 

percentage of effective flow rate is achieved if the difference between the incoming and outgoing flow 

rates is the smallest. It means that not much liquid is discharged that cannot be pumped. The 9 th 

composition was able to achieve the highest percentage of 23.89 %, and the 3rd composition was the 

smallest, which was only able to reach 0.79 %. 

Table 5.  The percentage of effectiveness of hydram pump flowrate 

Composition  

Input flowrate 

(cm3/ second) 

discharge flowrate 

(cm3/ second) 

The difference in input 

and discharge flowrate 

(cm3/ second) 

The effectiveness of 

flowrate  

(%) 

1 258.06 30.41 227.85 13.36 

2 226.42 12.83 213.59 6.00 

3 222.22 1.75 220.47 0.79 

4 218.18 25.93 192.26 13.48 

5 229.67 11.65 218.02 5.34 

6 222.22 39.98 182.25 21.93 

7 227.49 16.10 211.39 7.62 

8 305.73 40.35 265.38 15.20 

9 207.79 40.08 167.72 23.89 

 

Table 5 shows that the 8th composition achieved the 3rd highest percentage of 15.20 %. Then, 

compared with the curves of the input and discharge test results, it explains that the 8 th composition 

produced the highest flow rate values of 305.73 cm3/second and 40.35 cm3/second. 

Slightly different from the results of the study on the suitability of water quality, it is necessary to 

consider the composition of the timing and amount of feeding of these fish. The application of a timer 

was used to control the amount of time to eat at an interval so that the feedback system that feeds the 

volume remaining in storage would provide a warning to the user via SMS (Short Messaging Service) 

remotely [16]. 

Thus, the correlation with the main problems above is that the best flow rate quality in fish ponds 

0.123m3/second is only achieved in the flow from the dam, so in this study, it was quite capable of 

reaching 305.73cm3/second. 
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4. Conclusion 

The conclusion of this study is that the maximum value of the input flow rate is 305.73 cm3/second, 

and the discharge flow rate is 40.35 cm3/second. The maximum value is in the 8th composition; namely, 

the variation of the inlet pipe height is 200 in, the outlet pipe height is 350 cm, the inlet pipe diameter is 

1in, and the outlet pipe diameter is ½ in. 
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