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What is the problem/challenge being solved? 
Most hydroponic systems (e.g. Deep-Water Culture (DWC), Nutrient Film Technique (NFT), media beds) 
rely on a constant but low flow rate of nutrient soluDon through the plant roots. This ensures a stable 
supply of water, nutrients, and oxygen, which is essenDal for healthy plant growth. 

In simplified hydroponic and aquaponic systems, water distribuDon is oHen driven by elevated header 
tanks that are periodically refilled, either by pumps or manually. These systems operate under very low 
hydraulic pressure, which conDnuously decreases as the header tank empDes. In pracDce, this leads to 
several recurring problems: 

• Changes in flow rates during the emptying cycle of the header tank; 

• Low flow rates which are difficult to adjust reliably, especially in parallel systems; and 

• ConvenDonal valves clog easily when used with nutrient-rich or aquaponic water. 

As a result, plants may receive uneven water and nutrient supply, and system reliability is reduced. 

What is the solu7on developed? 
Two simple and complementary design elements were developed to address these challenges: 

1. A flow rate limiter with constant hydraulic head, installed between the header tank and the water 
distribuDon system 

2. Orifice-based flow control for both sub-distribuDon and individual culDvaDon systems. 

Together, these measures ensure: 

• A constant flow rate, independent of the fill level of the header tank; 

• A uniform and adjustable water supply to mulDple hydroponic or aquaponic units; and 

• High robustness and low risk of clogging, even in aquaponic systems 

Solu8on 1: Constant flow from the header tank 
A small container, also called a flow rate limiter, is installed between the header tank and the sub-
distribuDon system (Figure 1). The inflow into this container is controlled by a low-pressure float valve. 



 

 

 

Figure 1: Example of a simplified hydroponic system build from 220-litre blue open-head barrels. It consists of header 
tanks, 6 media beds with individual inflows as culBvaBon systems, and a sump tank. The flow rate limiter is located 
between the two storage tanks. 

The float valve maintains a constant water level inside the flow rate limiter, regardless of the changing 
water level in the header tank. This creates a constant hydraulic head at the outlet(s) of the limiter (Figure 
2). 

 

Figure 2: The water level (h) in the flow rate limiter is regulated by the low-pressure float valve. Regardless of the 
fill level of the header tanks, this water level always remains the same. The flow rate is determined by the water 
level and the diameter (d) of the orifice in the metal disc at the outlet. 

At the boTom of the flow rate limiter, one or more orifices are installed, each supplying a defined sub-
distribuDon. The combinaDon of a constant water level (h) and a fixed orifice diameter (d) results in a 
stable and predictable volume flow. 

Fine adjustment of the flow rate can later be achieved by slightly changing the float posiDon. A higher 
water level increases flow; a lower water level reduces it. 



 

 

To allow flexibility, it is advisable to design the outlets so that orifice discs can be exchanged. If this is not 
possible, drilled end caps can be used. In this case, reducing material thickness at the orifice (e.g. with a 
countersink) improves accuracy. 

For stable operaDon, the total flow through the flow rate limiter should closely match the sum of the flow 
rates required by the connected sub-distribuDons. 

There is a small orifice at the boTom of the flow rate limiter for each sub-distribuDon that is to be supplied 
with water. The size of the orifice and the constant water level result in a constant volume flow into the 
sub-distribuDon.  

The expected flow rate can be esDmated using the standard orifice equaDon (see formula below), but in 
pracDce it is recommended to verify the actual flow using a measuring cylinder during system setup. 

𝑄 = 𝐶! × 𝐴 × &2 × 𝑔 × ℎ	! 	
with 

Q m³/s volumetric flow rate 
Cd - discharge coefficient (approx. 0.62 for a sharp-edged 

orifice) 
A m² cross secDonal area of orifice 
g m/s² gravitaDonal acceleraDon 
h m verDcal head over the orifice center 

 

The actual volume flow through the outlets can be fine-tuned later by adjusDng the posiDon of the floater 
on the valve. A higher water level in the flow limiter results in a higher volume flow. A lower water level 
reduces it.  

Tables 1 and 2 provide example flow rates and a system sizing example. 

Table 1: Flow rates for different water levels (h) in the flow rate limiter, depending on the diameter (d) of the orifice 
in the perforated metal disc. 

Flow Rates [l/h] 
 Orifice Diameter [mm] 
Water Level [mm] 1 1.5 2 2.5 3 3.5 4 5 
80 2.2 4.9 8.8 13.7 19.8 26.9 35.1 54.9 
100 2.6 5.5 9.8 15.3 22.1 30.1 39.3 61.4 
120 2.7 6.1 10.8 16.8 24.2 33 43 67.2 
140 2.9 6.5 11.6 18.2 26.1 35.6 46.5 72.6 
160 3.1 7 12.4 19.4 28 38 49.7 77.6 

 

At the same Dme, it is useful to design the flow rate limiter so that the orifice discs at the outlets can be 
replaced. If this design is too expensive, the outlet can also be closed with an end cap and a hole simply 
drilled into it. If possible, the material thickness at the outlet should be reduced with a countersink drill 
bit in this case. Otherwise, the volume flow will be reduced compared to the iniDal calculaDon. 

For the overall system, it is important that the volume flow through the flow rate limiter corresponds as 
closely as possible to the sum of the planned volume flows in the respecDve sub-distribuDon. 



 

 

Table 2: Example of a system with 3 media beds supplied with water via a 1" supply line. The diameter of the holes 
in the orifice discs (d1) is determined by the water level in the outlet (h1). The water level in the flow rate limiter (h2) 
is adjusted using the floater of the float valve. This determines the correct diameter for the outlet (d2) in order to 
provide the amount of water required by the sum of the media beds. 

Component Flow Rate [l/h] h1 [mm] d1 [mm] 
Media Bed 1 10 21 3 
Media Bed 2 10 21 3 
Media Bed 3 10 21 3 
Sum 30   
      h2 [mm] d2 [mm] 
Flow Rate Limiter 30 100 3.5 

 

Solu8on 2: Uniform sub-distribu8on to cul8va8on systems 
From the flow rate limiter, water is routed without pressure through an open guTer or slightly inclined 
supply line to the individual culDvaDon systems (Figure 3). A small slope ensures reliable flow and 
prevents unwanted pooling. 

 

Figure 3: The supply line to the culBvaBon systems must be designed with a slight slope to ensure sufficient flow. 
This allows the individual outlets to fill with water and the excess water to flow quickly to the next outlet. 

Each outlet to a culDvaDon system is designed as a tee in which water can temporarily accumulate. The 
lower end of the tee is closed with an orifice disc, creaDng a constant hydraulic head above the orifice. 
This ensures a stable flow rate into each culDvaDon unit, independent of upstream fluctuaDons. 

As with the flow rate limiter, replaceable orifice discs are recommended. AlternaDvely, drilled end caps 
can be used. 

A maintenance opening above each outlet allows quick inspecDon and cleaning, which is parDcularly 
useful in aquaponic systems where fine solids may occur (Figure 4). 

Table 3 shows typical flow rates for 1ʺ tees with different orifice diameters. 



 

 

 

Figure 4: If the outlets are designed with screw caps, the diameter of the orifice can be easily changed by replacing 
the metal disc. This allows the flow rate to be adjusted at any Bme. The maintenance hole allows any potenBal dirt 
in the outlet to be quickly and easily removed. 

Table 3: Flow rates for typical 1" tees that create a hydraulic head of approximately 21 mm (h), depending on the 
diameter of the hole in the orifice disc. 

Flow Rates [l/h] 
 Orifice Diameter [mm] 

 1 1.5 2 2.5 3 3.5 4 5 
1“-Tee (h=21 mm) 1.1 2.5 4.5 7 10.1 13.8 18 28.1 

 

Prac7cal notes 
The system works reliably for flow rates between approximately 1 and 40 L/h per culDvaDon unit. 

MulDple orifices or combinaDons of hole diameters can be used to achieve intermediate flow rates. 

For custom-built components, the actual discharge coefficient can be determined experimentally by 
measuring flow rates at known water levels. This allows more accurate planning of future systems using 
the same parts. 

Why this ma:ers in prac7ce 
This approach provides a low-cost, low-tech, and highly reliable soluDon for water distribuDon in 
simplified hydroponics and aquaponics with low water pressure (small headroom). It avoids complex 
valves, compensates automaDcally for changing water levels, and is well suited for systems built from 
locally available materials.  


