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Executive Summary 

The fundamental purpose of the project is to devise a self-monitoring irrigation system for the Going 

Green living wall in the Bioresource Engineering Alcove. The purpose of Going Green was to develop a 

passive air filtration system, also serving as an aesthetic embellishment to the location. This living wall 

has been designed over the course of the last year by two engineering students and we will build from 

their design to form one cohesive project. 

 Although this was a successful design, the maintenance needs were high, requiring a maintenance staff 

upon execution of the structure.  Having said this, the main problem we seek to address is the 

requirement for human-inputs while irrigating, and so, we would like to diminish this constant need of 

attention thus increasing the practicality of the end design. 

The first step in developing the irrigation system was selecting appropriate plants and assessing 

approximate irrigation needs. Drip emitters where chosen for their accuracy in watering, where valves 

and a pump connected to these are responsible for water delivery. Creating this system has required us 

to select these compatible components as well as a data logger and relay device to enable the system to 

be self-monitoring. We have created code to program the data logger, which communicates with the 

relay device to appropriately automate the affiliated devices.  The control algorithm has been written by 

us, and is responsible for timed, sequential and automated irrigation system.  

The Going Green living wall faced several obstacles while the former group attempted implementation, 

namely administrative issues and maintenance requirements. As a result, the structure has not been 

built. This fact has made testing of our system extremely difficult and has therefore not been 

undergone. We feel that if the Macdonald community supports the new, more practical design, testing 

and necessary amendments will be carried out before considering the project as complete. 
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1.0 Introduction 

1.1 Background 

Clean Green, was the name of our proposal for a bio-wall or living wall project on the MacDonald 

campus in the fall of 2010. As a group, four engineering students sought to address the problem of 

indoor air quality. New synthetic materials, paints, and cleaning products are all popular contributors to 

indoor air pollution which contribute to the phenomenon of sick building syndrome. The syndrome 

affects work productivity and costs unimaginable amounts in healthcare costs every year.  

Winter of 2010 brought about the design of the Going Green living wall project, undertaken by two 

students. The project focused on the physical infrastructure for the wall, where all components and 

measurements where designed. What was not taken into account in this design, however, is the 

necessity for maintenance of the overall system. 

High maintenance needs to the Going Green project has given rise to this Design 3 project. We seek to 

address this high maintenance need by devising a self-monitoring irrigation system for the implemented 

structure. The purpose of this report is to present the justification of our design. We will do this by firstly 

presenting the components we have chosen and then by explaining their interactions and how these 

contribute to the success/functionality of the system. 

1.2 Objectives 

The fundamental purpose of the project is to devise a self-monitoring irrigation system for the Going 

Green living wall in the Bioresource Engineering Alcove. This living wall has been designed over the 

course of the last year by two engineering students and we will build off of their design to form one 

cohesive project. The main problem we seek to address is the need for human-inputs while irrigating, 

and so we would like to diminish this constant need of attention thus increasing the practicality of the     

end design. 

2.0 Design Constraints 

2.1 Going Green 

As mentioned above, this project is an alteration to the Going Green living wall, which has imposed a 

number of constraints on the project. We have carried out this project with the assumption that the 

physical infrastructure had already been built. Therefore, the structure needs to be utilized as to not 

reiterate for the purpose of our project.  

2.2 Aesthetics 

On the Macdonald Campus, the living wall seeks to achieve three main goals: these include filtering out 

air-contaminants in the surroundings, demonstrating learning potential within the faculty and 

beautifying the BREE alcove. The first two will be accomplished through successful execution of the 
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project, while the later implies a certain amount of thoughtfulness through the design. We must assure 

that the infrastructure and components are hidden from viewers so they can simply enjoy the view.  

2.3 Economic 

There is always room for new projects on Macdonald Campus – especially with the disbursements from 

the sustainability fund. Even though this project will not be implemented in the near future due to 

administrative constraints, costs of components are still taken into account. We wanted to ensure that 

given the opportunity, a student group can use our design as a basis for a fully functional and cost 

effective living wall.  

3.0 Amendments to Going Green 

3.1 Structural 

As can be seen in the later figures, a number of changes have been made to the design. We have 

narrowed the shelves to accommodate for appropriate pots as well as altered the number and spacing 

of shelves. We also felt the need to add aesthetic appeal to the plant surface by integrating a frame to 

the structure. The bottom frame, which is 18 inches tall, has a hinged front which opens and serves as a 

storage compartment for components which will be described later. The top and sides of the frame are 

1 foot and 4 inches respectively and serve solely as a framing structure.  

3.2 Plants 

As was researched in both Design 2 and 2.5, there are numerous plant species qualified to filter indoor 

air pollutants. We narrowed down the selection to English Ivy (Hedera helix) and Golden Pothos 

(Epipremnum aureum). The reason these are predominantly used for living walls is their nature to 

prosper in low light conditions, and also, their drought resistant properties (Metcalfe 2005). These 

plants also have a growth diameter of about 12 inches at maturity and will almost definitely cover our 

wall’s surface area (Thompson 2011). After picking these hearty plants, the number of these has also 

been reduced. As show in figure 1, each half-row consists of two trough pots (24 in), where two plants 

will be placed in their individual 6 inch pots. The former design consisted of sixty plants whereas our 

design will comprise of only thirty-two.   

 

Figure 1 Half-row shelf 
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3.3 Irrigation System 

The Going Green living wall had a very basic irrigation system. We have decided to remove the manual 

drip-emitter system and implement a self-monitoring irrigation system. To do this, we have had to 

remove the reservoir placed at the top of the structure. In addition to this, we have removed the valve, 

drip emitters and all associated parts.  

4.0 Selected Design 

4.1 Necessary Calculations 

4.1.1 Plants Threshold Limits 

In order to properly program our system, we first have to understand how plants absorb water and how 

much water in actuality is needed to survive. Our research has ultimately allowed us to set upper and 

lower threshold levels, measured in soil pressure, which correspond to appropriate on/off instances for 

irrigation. Setting these thresholds involves deciding soil type and assessing moisture and pressure 

relationships within this soil that satisfy our species of plants. Detailed calculations can be observed in 

the appendix, what follows is a more verbal explanation of the procedure. 

The first step of our research allowed us to conclude that both ivy plants are best grown in fertile clay-

rich soil (Metcalfe 2005). To optimize growing conditions, we have chosen to fill our pots with clay-loam, 

typically composed of 27 to 40% clay and 20 to 45% sand (Agriculture and Agri-Food Canada 2008).The 

soil for  Design 2.5 was chosen and is up to standard with our requirements, therefore no amendment to 

this is necessary.  

Upon researching plant and soil interaction, it is made obvious that there are three main soil moisture 

states, as shown in figure 2: saturation, field capacity and wilting point. Plant survival is optimized by 

filed capacity conditions (Lack and Evans 2005), and so, this has given us an indication of what values to 

use as an appropriate range of soil moisture to maintain.  

 

Figure 2 Comparison of a soil under saturation, field capacity and wilting point(Faculty of Land and Food Systems - The 
University of British Colombia) 
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Next, is putting values to these ranges, which was done with the use of the figures 3 and 4 below. The 

first graph is a depiction of the relationship between volumetric water content and various soil textures, 

where values for their corresponding soil-moisture conditions can be obtained. What this has given us is 

the values for 100% field capacity and 0% field capacity (also referred to as the wilting point) for our 

clay-loam soil. Following this, the second graph is specific to our selected soil and converts the volume 

percentage value read in the former graph and translates this into a pressure reading.  

 

Figure 3 Relationship between soil water characteristics and soil texture (Brady and Weil 1996) 

 

Figure 4 Water content-matric potential curve of a loam soil (Brady and Weil 1996) 
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The last step in our threshold calculation consists of estimating values, based on plotting volumetric 

water content versus soil moisture potential, particular to our soil, as shown in figure 5. This plot is seen 

in the third figure below. From this, it can be observed that 0% field capacity is equivalent to 300 

kilopascals of pressure, whereas 100% field capacity is equivalent to 16 kilopascals. Though these could 

serve as upper and lower thresholds for irrigation, we have chosen to modify these as a sort of safety 

factor to avoid failure of the system. For the purpose of the project, roughly half the wilting point, 160 

kPa, has been chosen as the upper limit - meaning, the point at which water will be turned on. 

Furthermore, 44 kPa, which represents 90% of field capacity, has been chosen as the lower limit - which 

will represent the time for irrigation to terminate.  

 

Figure 5 Relationship between soil moisture potential and volumetric water content in clay loam 

 

4.1.2 Pressure within System 

 

In order to implement functional irrigation, we must supply an adequate amount of pressure to our 

system. Namely, we must supply enough pressure for water to overcome gravitational forces, friction 

forces within the pipes and lastly to satisfy the operating conditions of our drip emitters. Detailed 

calculations of these can be seen in the appendix and below, table 1, is a table with the summary of our 

results. 
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Firstly, our sensors are imbedded into one pot per row, giving a total of four sensors in our system. As 

already explained, each row is an irrigation zone. We assume this because the plants at the same 

elevation will encounter roughly the same light intensity and atmospheric conditions, therefore 

requiring water at the same intervals. The sensors produce readings in voltage, which the instrument 

instantaneously translates to a resistance measure.  

Wires connect the sensors to the data logger, which is a data acquisition system. The data logger works 

independently from a computer because it has been programmed by code written in CRBasic. One of 

the functions programmed by this code is the ability of the data logger to convert acquired resistance 

readings into pressure values. With these converted readings to units of pressure, we can now apply the 

calculated threshold values from section 4.1.1. 

With these equivalent pressure readings from our system, the data logger will then communicate with 

the relay controller. These are physically connected, in addition the additional connection with the 

valves and pump. The CRBasic code programmed onto the data logger will assure the device to 

appropriately convey on/off messages to the relay device based on the equivalent pressure values of the 

soil moisture content. Once these messages are received by the relay device, signals are sent to the 

pump and valves to be turned on/off.   

As can be observed in figure 7 the wall has a one foot gap separating two equal shelving units. The gap is 

to be covered by a trellis with billowing ivy to cover the valves and pipes installed behind. The valves are 

placed in this gap, at the beginning of each half-row, giving a total of eight valves on the wall, plus a 

ninth giving rise to water flow into the suction inlet of the pump.  

 

Figure 7 Measurements of the structure 

The pump, which is triggered on at the same time as the valves, is located at the base of the structure 

and will be housed away from the wall as to prevent any noise pollution to the surroundings. The 

location of the living wall is in close proximity to a water source, and so the pump-to-source connection 
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is fairly simple. Once the signal is received from the relay device, water supplied by the pump flows 

through the pipes and out of the drip emitters. 

4.2.1 Piping Size 

Common pipe sizes have a diameter of 13, 16, 18, 22, and 25mm. In a study conducted by Ahmed 

(1995), he mentions that the smaller the diameter of a pipe, the greater the energy loss. Since this 

irrigation is designed for an indoor structure that spans no more than 2.75m, a larger sized pipe would 

take up too much space compared to the size of the plants, which might hinder on plant growth or plant 

health. Under these circumstances, a 16mm diameter seems reasonable.  In the same study by Ahmed, 

he also concludes that the larger protrusion areas of emitter barb, the greater the energy losses. Our 

design requires a volumetric flow of     
 

 
 which translates to flow velocity of 1.0m/s, the calculations 

of which can be seen in the appendix. 

4.2.2 Sensors 

For our design, we have chosen the Campbell 257-L, as shown in figure 8. The reason we have chosen 

this model is, firstly, because it can estimate soil water potential between 0 and 200 kPa, which respects 

our selected threshold range. Secondly, these sensors are meant to be coupled with a data logger, as 

opposed to other models which simply display an analogue reading. It should also be noted that these 

sensors are durable and designed to remain in the soil indefinitely (as we plan to do).  

Once the sensor is embedded in the soil, a water potential level exists between the two. The sensor 

essentially reads electrical resistance between its electrodes, which is then converted into the 

corresponding soil and water potential. To be specific, an increase in the amount of water in the matrix 

will reduce electrical resistance between the sensors – elevating soil pressure to a level closer to our 

lower threshold of 44 kPa (time to stop watering).  

 

Figure 8 Granular matrix sensor, Campbell 257 

 

4.2.3 Data-logger 

 

In essence, a data logger is a data-acquisition system most typically used to convey or store data. These 

are available with different number of in/outputs, memory capacity and can be used in various 
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applications. For the purpose of our project, we have chosen CR1000 Measurement and Control 

Datalogger, as shown in figure 9. This product is also made by Campbell and its compatibility with our 

sensors was the first criteria for its selection.  

 

Figure 9 Datalogger CR100 

In our self-automated irrigation system, we have chosen to use the data logger independently of a 

computer. In order for this to work, we have written a sort of instruction, known as code, in the 

software CRBasic. The data logger is programmed with this and has become the brain of our system. It 

now receives signals and can instruct the relay device with the next appropriate action.   

 

4.2.4 Software 

 

As mentioned above, CRBasic is the platform chosen to program our CR1000 datalogger. The CRBasic is 

useful in creating both simple and intricate instructions, and so, is appropriate for our application. For 

more information on the code itself, please see the appendix, the follow is a verbal explanation of what 

the code in intended to initiate. 

As mentioned above, irrigation will occur by zones, corresponding to soil pressure readings of the 

sensors. The first duty of the data logger is to translate the soil resistance to equivalent pressure, using 

the conversion equation (kPa(I)=70407*kOhms/(1-0.018*(SoilTemp))-3.704 –where soil temperature is 

assumed a constant 20˚C).  

The first situation, where irrigation is not required, each zone’s sensor will sequentially send its reading 

to the data logger every five seconds. Meaning, if sensor or level one detects no irrigation, five seconds 

later, the data logger will receive a signal from level two.  

The second situation where irrigation is required, the data logger will re-confirm irrigation needs for that 

zone every sixty seconds. In other words, if level 2 is being irrigated, sixty seconds later the sensor will 

send reading to data logger and will continue to do so every sixty seconds until the soil has reached 

sufficient pressure (i.e. soil moisture potential). 

Once either of these cycles has passed through each irrigation zone, the system will be dormant for sixty 

minutes. At the end of the hour, the cycle will start again by assessing soil pressure of level one.  

 

In addition to assessing the irrigation needs of the soil, the CRBasic code also controls the valves and 

pump. In the case of irrigation, the source water valve and that of the zone are turned on, as well as the 
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pump. These same components will be signalled to turn off when soil moisture levels are satisfied. 

 

4.2.5 Relay  

The primary function of a relay controller is to activate external devices. For our design, we have chosen 

Campbell SDM-CD16AC AC/DC Relay Controller. This device is connected via wire to both the pump and 

valves, and will turn these on and off according to received instructions. This controller is connected to 

the datalogger, whose program is responsible for sending on/off instruction signals. When this signal is 

received, the relay will send electrical current to the specified valves and the pump to power these 

devices. 

 

Figure 10 

4.2.6 Valves 

The choice of valves was first and foremost based on the varying types available. From the start, it was 

clear we would need a solenoid valve, because these are actuated by an in-rush current. These types of 

valves are applicable to our irrigation system and are also compatible with our relay device. 

To be more specific, the selected valve is by Rainbird and is the DV-100 model, as shown in figure 11. 

These valves are small in size, measuring roughly 4x4x5 inches, allowing for enough room in the wall’s 

central gap.  

 

Figure 11 Solenoid valve DV-100, Rainbird 
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4.2.7 Pump 

 

There are a wide range of pumps available on the market, which all serve various purposes. This being 

said, the first criteria for selection was pump-type. This project requires an end-suction centrifugal 

pump, since water is primarily being pushed upwards and the source of water is not notably far from the 

suction inlet. The second series of selection criteria included the pressure and flow requirements for the 

system. Once these factors were taken into account, the Westcorp WES-125, as shown in figure 12,  

coupled with a 60 hertz or 3600 RPM) motor is the pump which best suits our system. This pump more 

than satisfies the constraints, and is small enough in size to be unintrusive – or even to be placed in the 

storage compartment at the base of the living wall if necessary.   

 

Figure 12 End-suction centrifugal pump, WES-125 

4.2.8 Drip emitters 

 

When it comes to localized irrigation, the three main categories appeared in our research include 

sprinkler, drip and manual methods of irrigation. Since manual irrigation has already been eliminated as 

a possibility, we began to compare sprinkler to drip emitters. Sprinkler systems are often more complex, 

requiring more pressure and a lengthier installation process. Drip emitters are simply installed, have a 

precise flow and are inexpensive. Furthermore, it was found that while sprinklers have an efficiency of 

75% while referring to the amount of water absorbed by the plant, drip emitters’ efficiency is as high as 

95% (Shoji 1977).  

Having said this, we will be using drip emitters. We predict that the slow drip will allow for accurate 

monitoring of soil moisture level, allowing us to supply the plants with an adequate supply. We foresee, 

from this, little loss to evaporation and no losses due to percolation. No loses by percolation, meaning 

the drainage of water through the soil by gravity, also benefits our design by not needing a catchment 

system for excess water. 

In the case of our irrigation system, we have selected the Netafim 0.5 gallons per hour (GPH), as shown 

in figure 13, self-piercing, and pressure regulating emitter, which also features a check valve. The 

emitter is extremely easy to install, it is self-piercing, and must be manually forced through the hose at 
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the appropriate spot. The emitters are pressure regulating, meaning that fluctuations in pressure 

delivered to the emitters will not result in varying flow of water delivered to the plants. The check valve 

is set in place so that no fluid or particulates enter the tip of the emitter, to eliminate the possible 

contamination to the system with debris. 

 

Figure 13 Drip emitter, Netafim 0.5GPH 

 

As mentioned in the pressure calculation section of this document, the drip emitters require a certain 

amount of pressure to deliver the specified flow rate. The recommended pressure level by our 

manufacturer is between 175 and 250 kilopascals, and this has been a priority design constraint from 

the beginning. Based on the pressure requirements of the emitters alone, there is a definite need for a 

pump in our system. Calculations for overall pressure requirements in our system can be found in the 

appendix and are summarized in the figure of section 4.1.2. 

 

4.3 Overall System Automation  
 

Finally, combining all that has been conveyed, here is a flow chart followed by a verbal explanation. 

More information of the control algorithm can be found in section 4.2.3. 

 

IF pressure is above 160 kilopascals, which is our lower threshold for moisture, the pump and its 

 associated valve along with zone valve will be turned on by the relay device. Irrigation will 

 commence, and sensors will send new pressure readings every minute, until pressure reaches 

 below 44 kilopascals.  

IF pressure is below 44 kilopascals, which is our upper limit for moisture, the irrigation process will 

 terminate by a signal from the relay device, closing the vales and pump. In the next five seconds, 

 the following zone will start the process.  

IF pressure is between 44 and 160 kilopascals, sensor one will send its signal and the following zone will 

 send its reading five seconds later, and so on. Once these readings have been sent by all levels, 

 this cycle will restart after an hour has gone by.  
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Figure 14 Flow chart to Design 
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4.4 Model 
Please refer to section 4.2 for visual representation of placement of electrical components.  

 

Figure 15 AutoCAD drawings of the structure 

 

Figure 16 AutoCAD drawings of the frame 
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5.0 Timeline 
 

Researching and selecting compatible components for our system has been a lengthy process. Now that 

these have been selected, implementation of the system is predicted to be a much straightforward 

process. Figure 17 represents a Gantt chart of our projected timeline. Purchasing and delivery of 

components if the first steps, which can be done simultaneously to the physical amendments to the 

Going Green project. Once the reservoir is removed, as well as the remaining components of the manual 

irrigation system, we can begin to install the appropriate piping. Once all the components have arrived, 

we would like to simulate the system to ensure components are interacting as expected and that the 

code is functioning as intended. The installation of these: sensors, valves, drip emitters, relay, data 

logger and pump, are the subsequent steps. Following this is a month allocated to a thorough testing of 

the system. We predict that the system can be fully functional in just less than three months.  

 

Figure 17 Timeline 

 

6.0 Budget 

Below can be seen an itemized break down of the budget. These prices have been taken from retailer’s 

websites. As mentioned in the Going Green proposal, funds can be supplied by the sustainability fund 

providing successful completion of the application. The cost of labour is based on the employment of 

student, seeing as though we foresee this project being taken on by a student group at Macdonald 

College.  



 
 19 

 

In looking at our budget, we realize there are measures we can take to reduce costs. One of the ways to 

do this, would be by choosing less sophisticated and expensive devices. Seeing that our system is 

indoors and relatively basic, we could have chosen an alternate price range more suitable for our 

application. With more experience, we would have chosen better suited devices and will keep this into 

consideration before purchasing components for implementation of the design.  

 

7.0 For future: amelioration and testing 

This design is a rudimentary, yet vital, approach to reducing maintenance needs to the Going Green 

living wall. Implementation of the instruments is a first step to increasing the performance of the overall 

concept to the living wall, however integration of: lighting, fertilization, temperature and humidity 

controls are all possible forms of amelioration.  

Now that we acquired knowledge and understanding of a multi-faceted system as such, it would be 

much more comprehensible to apply an automated concept with these additional features. Before any 

subsequent components are added, we would like to begin testing this design. The first step in testing 

would ultimately be simulating the algorithm which controls our system. The algorithm was not tested 

due to the nature of the software, CRBasic, which requires the actual datalogger and affiliated devices to 

be connected in order to run the code.  Consequently, testing of this can only be undergone once 

materials have been purchased. In this case, we would firstly test the interaction of our components and 

assure that they are functioning as intended, making any amendments if necessary. Once this segment 

of the testing is completed and the components have been integrated into the physical structure, our 

second phase of testing can begin. In this second phase, methods for testing consist of monitoring the 

wall manually, with the help of analogue sensors. We will compare the frequency of irrigation of our 

automated system while comparing it to the required frequency of irrigation based on the reading of 

analogue sensors. By this, we want to ensure the translation, of volumetric water content to pressure, is 

in fact correct and we will also want to reinstate the effectiveness of the code for turning on/off all 

affiliated components.  
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After the testing of the self-automated irrigation system, we can then begin the integration of other 

sensors. For example, thermometers can be associated with our data loggers to convert figures more 

accurately and lighting can be placed on a timer also controlled by our CRBasic code. Another feature 

which we would like to implement is the addition of a fertilizer dispenser. Upon calculating fertilization 

requirements, this too can be dispensed in the central irrigation line while being controlled by the relay 

device.  

8.0 Conclusion 

The living wall for the Bioresource Engineering alcove of the MacDonald Campus, entitled Going Green 

was designed by a group of student in the winter semester of 2011. Subsequent to their design, we 

believe maintenance needs to be too high to satisfy requirements for the project’s implementation in 

the future. By minimizing these maintenance needs, we foresee the possibility of support from the 

Macdonald community for the project’s execution. To address these needs, we have designed a self-

monitoring irrigation system. To do this, we have chosen all inter-related components who are 

compatible and controllable by a control algorithm which we have written. Though there is room for 

improvement, we stand by our design in saying: this drastically simplifies fundamental maintenance 

needs for the living wall. Since the wall was never built for several reasons, this has made prototyping 

difficult; however, this is very feasible given time and interest by a student group. 
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Appendix 

Calculations 

Upper and Lower Thresholds 

The equation to determine the thresholds can be estimated as the following: 

Equation 1 

   
     

     
 

[          ]   

[        ]
       
      

       

       

                        

           

As shown in figure 4, a lower threshold of 0.5 m3/m3 soil translates to -160 kPa, and an upper threshold 

of 0.9 m3/m3 soil translates to -44kPa in clay loam soil.  

 

Pressure Loss 

The re-arrangement of the Hazen-Williams equation is used to determine the equivalent length of pipe 

per emitter   , in m: 

Equation 2 

    
   

     

 (
 
 )

      

where,     Energy loss per emitter, m (type T2 = 0.020 (Al-Amoud 1995)) 

   Diameter of pipe, mm 

   Constant (1.22 x 1010 for the given SI units) 

   Total discharge, l/s 

      Friction factor (      for     mm) 

The adjusted lateral length, in m, which includes head loss from emitters, can be estimated with the 

following equation: 

Equation 3 

    (   
  

  
) 

   where,    Lateral length, m 
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       Equivalent length of pipe per emitter, m 

       Spacing between emitters, m  

The lateral head loss  , in m, with the emitters can be determined with the original Hazen-Williams 

equation: 

Equation 4 

   
  (

 
 
)
     

      
 

The Reynolds number   , which determines whether the fluid is a laminar, transitional or turbulent 

flow, can be determined with the following equation: 

Equation 5 

    
  

 
 

   where,    Velocity of flowing fluid, m/s 
       Kinematic viscosity, kg/m3 

 
With a kinematic viscosity of 1.306*(106)m2/s at 10°C, Reynolds number is calculated to be 12 251. 
Fluids that have a Reynolds number greater than 10 000 are characterized as a turbulent flow (NCEES 
2011). Hence, the water travelling through the pipes is a turbulent flow.  
 
The Darcy-Weisbach equation is used to determine the head loss caused by the friction between the 
pipe and the fluid, in m: 
 

Equation 6 

     
 

 

  

  
 

   where,    Darcy friction factor (64/Re) 
 
The bend loss can be determined with the following equation: 
 

Equation 7 

       
   

  
 

   where,  Resistance coefficient, m 
 
The pipes are connected by a threaded regular 90° elbow which has a resistance coefficient of 1.5 
(Tropea, Yarin et al. 2007). The total head loss, in m, can be determined with the following equation: 
  

Equation 8 
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The pressure required to supply water to 8 emitters at once can be determined by using the following 
equation, the steady incompressible flow in pipes: 
 

Equation 9 

  

 
    

  
 

  
 

  

 
    

  
 

  
    

 
   where,     Pressure at the inlet (pump), kPa 
       Pressure required by emitters, kPa 
          Vertical distance from top of stand to the designated level, m 
       Specific gravity of fluid, kN/m3  
      Acceleration of gravity, m/s2 
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