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Abstract:Innovative Pressure Compensating Pottery Dripper (PCPD) is designed and manufactured from local and 

environmental materials where the basic components of (PCPD) are pottery discs. It is   made from Aswan Clay beside the 

additional material to result at various porosities and volumes. The composites contain dry powder of organic matter (saw dust 

of a diameter which is less than 1 mm) by 0, 3, 6, 9, 12, and 15% of total mix weight. The basic element of mixes is Aswan 

clay. Pottery discs are used in designing poly-ethylene dripper to protect and service the pottery discs then the pottery discs 

were formatted under the designed shape (discs) and dimensions, then the discs become drier aerobically, then it was burned in 

800, 900, 1000 and 1100 Celsius at 4 hours, the turn from degree to another after one hour (heating was gradual).  The basic 

target of investigation is (regulating and self-compensating of flow performance through the pottery drippers). Pottery dripper 

dimensions are designed in  three diameters of  flow area (13, 17, and 21 mm) and six porosities (P0, P3, P6, P9, P12 and 

P15), then various types of pottery drippers are  tested under three pressure heads (0.5, 0.75 and 1 bar). The main results clear 

the P6 the PCPD flow is 0.01, 0.02 and 0.04 l/s then for P9 the PCPD flow is 0.1, 0.14 and 0.22 l/s. By the same token, for 

P12 the PCPD flow is 0.24, 0.3 and 0.36 l/s. Subsequently, for P15 the PCPD flow is 0.336, 0.646 and 1.00 l/s under operating 

head 0.5, 0.75 and 1 bar respectively. Another significant factor, the exponent of operating head is 0.21, 0.026, 0.12, and 

0.335  for pottery porosity P6, P9, P12 and P15 respectively. There is a crystal clear significant influence of pottery porosities 

on flow. At the same time, there is obviously a significant influence of  both of designing flow areas (inside diameter of rubber 

ring) and operating head on flow. Beside there is significant impact of interaction between the three engineering and hydraulic 

design factors at LSD = 0.05. Beside the equation of PCPD design was resulted using the mathematical analysis. 

Keywords: drip, pottery, Innovative, design, irrigation, hydraulics, engineer, water, shear, compression, porosity. 
____________________________________________________________________________________________________ 

 

1. Introduction 

Water is an essential for live particularly in arid and semi-

arid regions like Egypt. Water will be used as a political 

pressure on countries where water is synonymous of food 

security and all life features. Development of field irrigation 

systems in Sinai is considered national and a strategic target 

that based on the enhancement of irrigation systems under 

available technologies to have the best system to rationalize 

the consumption of irrigation water and reduce water losses. 

 

Drip, or trickle, irrigation can be defined as a method of 

uniformly delivering water to a plant’s root zone through 

point or line sources (emitters) on or below the soil surface at 

a small operating pressure [1].  Innovative pottery dripper is 

a new dripper technology for saline water; it can reduce 

water salinity of 750 ppm.  PD is thereupon suitable for using 

saline water and rationalizing the saline water usage. This 

study underscores the advantages of both the pottery media 

(clay minerals) and irrigation nets to conveyance water to 

plants. A new dripper is used as a filter for small water units. 

Pottery porosity is a basic ingredient for reduction of water 

salinity and also flow rate, [2].  Pitcher irrigation is a 
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promising alternative due to its self-regulated water flow 

correlated to changes in soil tension1. Runoff water stored in 

underground storage tank (locally called Tanka) can be used 

for clay pot irrigation. [3]. All the same, in many parts of the 

world, plastic drip tubing and emitters are cost-prohibitive, 

and traditional methods such as clay pipe irrigation remain an 

important technique for irrigation and water saving. [4]. 

Besides, the perforated or porous clay pipe irrigation 

classified as surface drip irrigation [5 and 6]. Thither is a 

substantial correlation between the water released by pots in 

the air and the pan evaporation rate. It is one of the simplest 

irrigation systems wherein unglazed earthen pots. Water 

gradually seeps out through porous walls into the root zone 

under hydrostatic pressure and soil tension. [7].  This 

explains of the increased rate of diffusion with an increasing 

proportion of organic matter in the pottery mix. Furthermore, 

the pottery is prepared with organic matter gave a more 

consistent rate of diffusion compared to the sand-mixed 

samples. [8]. Subsurface irrigation has been conducted in 

several forms since ancient times, including pitcher or pot 

irrigation [9]. Subsequently, the submerged of two types of 

pitcher into clay-sandy soil to observe the seepage, which has 

different saturated hydraulic conductivity of 3.9×10
-7

 cm/s 

and 3.6×10-4 cm/s. The seepage was about 1.25 l/day (0.014 

cm3/s) at initial stages, but declined gradually to values 

between 0.5 to 0.6 l/day. [10]. The pitches irrigation was 

classified it into local irrigation since water seeps slowly with 

low rate into the root zones resulting in partly wetted soil. 

[11]. The development of plastic micro-irrigation technology 

in the last century led to increased use of sub-surface 

irrigation. Today, sub-surface micro- irrigation is utilized 

throughout the world to irrigate field crops, veggies, and 

fruits [12]. Traditionally, the villagers place water-filled pots 

or pitchers in the farm fields for irrigation during the summer 

season. [13]. It’s been confirmed auto-regulative feature of 

PI. A detailed analysis shows that HC alone does not control 

water release rate; pore size also has a significant effect. 

Although fluctuations in water discharge rate. [14].  Mention 

that traditional pot/pitcher irrigation (PI) system has received 

a good deal of care in the last 20-25 years. [15]. In fine 

textured, porous media (clays), there are indications of an 

immobile or highly viscous water layer (< 0.5 µ) on particle 

surfaces that makes effective porosity (with compliments to 

flow through porous media) smaller than the measured one. 

[16]. Pitcher irrigation is an ancient irrigation method 

thought to have originated in Northern Africa and Iran [17]. 

Typical emitter flow rates are from 0.16 to 4.0 US gallons 

per hour (0.6 to16 L/h), These emitters employ silicone 

diaphragms or other means to allow them to maintain a near-

constant flow over a range of pressures, for example from 10 

to 50 psi (70 to 350 kPa). Emitter discharge rates for drip and 

subsurface irrigation are generally less than 12 liters per 

hour.Most emitters emit 4 liters/hour (4,0 l/hr) of water. 

That's about 1 gallon per hour (1 gph). [18].   

 

The coefficients Ke and x are determined by plotting 

“q versus H” on a log-log plot. The slope of the straight 

line is x, and the intercept at H =1.0 is Ke. For laminar flow, 

the orifice discharge exponent x = 1.0, while = 0.5 for the 

turbulent flow, and for compensating flow = 0.0 [19].  The 

water diffusing through the pottery into the source zone is 

taken up by the plants, and to a certain extent, this is a 

method for controlling discharge of water [20].  The buried 

pitcher irrigation was classified into subsurface irrigation. 

[21].  

List of acronyms and nomenclature 

PCPD 
= Innovative Pressure Compensating Pottery  

   Dripper, 

P = Porosity percentage,  

P0 = Pottery composite without saw-dust, 

P3 
= Pottery composite with 3% saw-dust  

   (weight), 

P6 
= Pottery composite with 6% saw-dust  

    (weight), 

P9 
= Pottery composite with 9% saw-dust  

    (weight), 

P12 
= Pottery composite with 12% saw-dust  

   (weight), 

P15 
= Pottery composite with 15% saw-dust  

     (Weight), 

H1 = operating head 0.5 bar, 

H2 = operating head 0.75 bar, 

H3 = operating head 1.00 bar, 

A1  = Initial flow area of diameter (13mm), 

A2 = Initial flow area of diameter (17mm), 

A3 = Initial flow area of diameter (21mm), 

D1 = Inside diameter of rubber ring (13mm), 

D2 = Inside diameter of rubber ring (13mm), 

D3 = Inside diameter of rubber ring (13mm), and 

q = Flow of PCPD (l/s). 

 

The essential goal of this research is an extrapolation of the 

mathematical model of the pressure regulator pottery drivers 

using mathematical analysis under the influence of various 

design and engineering factors. 

2. Materials and Methods 

Innovative Pressure Compensating Pottery Dripper (PCPD) 

is designed and manufactured from local and environmental 

materials where the basic components of (PCPD) are pottery 

discs. It is   made from Aswan Clay beside the additional 

material to result at various porosities and volumes. The 

composites contain dry powder of organic matter (saw dust 

of a diameter which is less than 1 mm) by 0, 3, 6, 9, 12, and 

15% of total mix weight. The basic element of mixes is 

Aswan clay. Pottery discs are used in designing poly-ethylene 

dripper to protect and service the pottery discs then the 

pottery discs were formatted under the designed shape (discs) 

and dimensions, then the discs become drier aerobically, then 

it was burned in 800, 900, 1000 and 1100 Celsius at 4 hours, 

the turn from degree to another after one hour (heating was 

gradual).  The basic target of investigation is (regulating and 

self-compensating of flow performance through the pottery 

drippers). Fig.1and 2.     

Pottery dripper dimensions are designed in  three diameters 

of  flow area (13, 17, and 21 mm) and six porosities (P0, P3, 

P6, P9, P12 and P15), then various types of pottery drippers are  

tested under three pressure heads (0.5, 0.75 and 1 bar) under 

hydraulic test apparatus Fig.3. 

 

The basic components of innovative pressure 

compensating pottery dripper (PCPD): 

PCPD components are as follows: 

1- Outlet; it’s the emitter water to outside the irrigation 

net. 

2- Cap body; was manufactured and turned of drline 

(plastic material) and cover the remaining parts of 

PCPD. 
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3- Rubber rings; it was manufactured of flexible rubber to 

protect the pottery discs and give the designed area 

water flow also, by staying in the up and the bottom of 

pottery discs. 

4- Pottery disc; (water passage) it the media, which 

control of water flow during the volume or X and Y 

water direction movement to go outside the dripper.  , 

5- Base body; it was manufactured and turned of drline 

(plastic material) and contain both of pottery disc and 

rubber rings beside having the inlet. 

6- Inlet; It’s the contact point of PCPD and the poly-

ethylene tube where the water passed from PE tube to 

emitter, beside the PCPD was install online during inlet 

according to sharp edges. Fig. 1 and 2. 

 

 

 
Fig 1: Design and inside components  of pressure  

compensating pottery dripper. 

 

Statistical and mathematical analysis: 

 

The statistical experimental design was a split split plot in 

three factors, where the main factor is pottery discs porosity, 

the sub-main factor is the initial flow area (inside area of 

rubber rings) and the last factor is operating head pressure. 

The mathematical analysis of trial data was done using 

Wolfram Mathimatica v10. 

Factors study: 

1- Pottery porosity, according to the added dry organic matter 

(saw-dust with a diameter less than 1 mm) percentage in 

pottery composite 0, 3, 6, 9, 12, and 15% of total mix 

weight 

2- Flow area diameter (13, 17 and 21mm), and 

3- Operation head (0.5, 0.75 and 1 bar). 

 

Measurements and calculation: 

Hydraulic characteristics: 

 

- Evaluate of PCPD flow performance under three operation 

heads (0.5, 0.75 and 1 bar), where discharge is  determined 

by receiving water application at graded container during a 

period of time according to [22].  Fig.1. 

 

- Experimental apparatus:   The laboratory testing 

equipment contained an electrical centrifugal pump 2 inches 

/2.5 inches (25-56 m pressure head, 5.6 m
3
/h discharge, 

1.75kW, and 2860 RPM), pressure gauges (10cm of 

measuring accuracy), control valves, and water container. 

Fig.3.       

Hydraulic measurements include PCPD discharge and 

operating pressure head, measurements for various types of 

designing nozzles were conducted.  

 

The flow rate through the pottery drippers was 

calculated to be a power function of the head in the following 

form according to [19].   

q = b h
x
 

Where: 

q = Flow rate along the pipe (l/s) 

b = Factor of the orifice dimensions 

H = Operating pressure head (m) 

x = Orifice exponent 

Physical characteristics of pottery discs: 

 

1- Determination of water absorption (%) and capillary 

coefficient (mm/s). 

Bulk density (g/cm
3
), drying volumetric shrinkage (%), 

burning volumetric shrinkage (%), totalvolumetric 

shrinkage (%). According to [23 and 24]. Maximum of 

compression and shearing force for pottery discs using 

an instron machine (NSTRON 5965). Fig.4.  

  
Fig 2: Isometric outside and inside section view of online 

PC pottery dripper and installation process.    
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Fig 3: Schematic of hydraulic experimental apparatus of 

pressure compensating pottery drippers. 

 

 
Fig 4: Shear and compression force tests using an 

instron machine (INSTRON 5965).    

 

3. Results  

Hydraulic characteristics: 

It is important, to clear that the pottery porosities (P0 and P3) 

give a water flow value equal zero, so it was excluded from 

hydraulic data analyses. 

In general, The hydraulic trial data clear that the discharge of 

PCPD increases with pottery porosity, operating head and the 

inside diameter rubber ring increasing. Fig. 5.  

 

Initial flow area (A1) of diameter (13mm): 

Obviously, the flow performance of PCPD is near to typical. 

The PCPD flow increase with operating head increasing, also 

with porosity increasing, especially the increasing ratio is the 

highest for P15. It's crystal clear that for P6 the PCPD flow is 

0.01, 0.02 and 0.04 l/s then for P9 the PCPD flow is 0.1, 0.14 

and 0.22 l/s. By the same token, for P12 the PCPD flow is 

0.24, 0.3 and 0.36 l/s. Subsequently, for P15 the PCPD flow is 

0.336, 0.646 and 1.00 l/s under operating head 0.5, 0.75 and 

1 bar respectively. Another significant factor, the exponent of 

operating head is 0.21, 0.026, 0.12, and 0.335  for pottery 

porosity P6, P9, P12 and P15 respectively. Fig. 6.  It is worth 

mentioning that the P9 flow values are typical for drip ultra-

low irrigation system according to [25].    

 

Initial flow area (A2) of diameter (17mm): 

As we have seen, for P6 the PCPD flow is 0.02, 0.03 and 0.07 

l/s. Then for P9 the PCPD flow is 0.22, 0.36 and 0.36 l/s. 

Hence, for P12 the PCPD flow is 0.55, 0.72 and 0.77 l/s. 

Subsequently, for P15 the PCPD flow is 0.98, 2.1 and 2.88 l/s 

under operating head 0.5, 0.75 and 1 bar respectively.  

Additionally, the exponent of operating head is 0.035, 0.103, 

0.425, and 0.863 for pottery porosity P6, P9, P12 and P15 

respectively. Fig. 7.  

 

Initial flow area (A3) of diameter (21mm): 

Similarly, The flow performance of PCPD has the same 

behaviors. The PCPD flow increase with operating head 

increasing, for P6 the PCPD flow is 0.05, 0.05 and 0.09 l/s. 

Then for P9 the PCPD flow is 0.36, 0.46 and 0.53 l/s. Then, 

for P12 the PCPD flow is 1.1, 1.39 and 1.8 l/s. By the same 

token, for P15 the PCPD flow is 3.07, 3.9 and 5.28 l/s under 

operating head 0.5, 0.75 and 1 bar respectively.  In addition 

to the exponent of operating head is 0,003, 0.195, 0.38, and 

0.768 for pottery porosity P6, P9, P12 and P15 respectively. 

The flow rate versus operating pressure head is shown in log-

log scales. As we have seen, there's a strong positive 

relationship of both flow rate and pottery porosity according 

to [8].   Fig. 8.  

 

Engineering and hydraulic design factors influence on of 

Pottery Dripper (PCPD): 

 

Referring to the statistical design of PCPD flow data, there is 

a crystal clear significant influence of pottery porosities on 

flow. At the same time, there is obviously a significant 

influence of  both of designing flow areas (inside diameter  

 

Table 1: Pottery dripper flow type according to the 

exponent of head. 

P% A1 Flow type 

P6 q =  0.06 H
0.021

 Compensating 

P9 q =  0.026 H
0.026

 Compensating 

P12 q =  0.24 H
0.12

 Compensating 

P15 q =  1.328 H
0.335

 Compensating 

P% A2 Flow type 

P6 q =  0.1 H
0.035

 Compensating 

P9 q =  0.28 H
0.103

 Compensating 

P12 q =  0.34 H
0.425

 Compensating 

P15 q =  3.8 H
0.863

 Turbulent flow 

P% A3 Flow type 

P6 q =  0.08 H
0.003

 Compensating 

P9 q =  0.34 H
0.195

 Compensating 

P12 q =  1.4 H
0.38

 Compensating 

P15 q =  4.42 H
0.768

 Turbulent flow 
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Fig  6:  The flow performance of pottery dripper under various operation heads for A1. 

 

Fig  5: Pottery drippers flow performance (l/s) under engineering and hydraulic design factors (Porosities, pressure heads and 

flow areas). 

 
Fig  7:   The flow performance of pottery dripper under various operation heads for A2. 
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of rubber ring) and operating head on flow. Beside there is 

significant impact of interaction between the three 

engineering and hydraulic design factors at LSD = 0.05. 

Table. 2.  

 

Physical characteristics of pottery discs: 

 

Capillary coefficient (mm/s): 

It's crystal clear that the highest value of capillary rise per 

second is foe the highest porosity percentage of pottery discs. 

By the same token, for the other various composite of pottery 

discs the capillary increases with porosity increasing. The 

velocity of pottery discs capillary are 0.129, 0.165, 0.171, 

0.186, 0.243 and 0.314 mm/Sec. For P0, P3, P6, P9, P12 and 

P15 respectively. Hence, there is a very extreme influence of 

porosity on capillary in pottery discs and these results is a 

granted with [8].   Fig. 9, 10, 11 and 12. 

 

 

 

 

 

Water absorption (%): 

The water absorption degree of pottery discs increase in the 

porosity percentage, by other means, the relationship between 

the water absorption and porosity is an inverse relationship. 

The water absorption of pottery discs are 12, 11.6, 11.2, 11, 

10.2, and 8.5 for P0, P3, P6, P9, P12 and P15 respectively. Fig. 

13. 

 

Bulk density (g/cm
3
): 

The bulk density of pottery discs are 2.62, 2.12, 1.83, 1.64, 

1.34 and 1.28 g/cm
3
 for pottery discs porosity P0, P3, P6, P9,  

 
Fig  8:   The flow performance of pottery dripper under various operation heads for A3. 

Table 2: Statistical analysis of flow values of Pottery 

Drippers under various design factors. 

 Variables  Means (Q) 

Means 

%P6 0.04j 

%P9 0.31h 

%P12 0.80e 

%P15 2.25a 

A1 0.30ih 

A2 0.76f 

A3 1.51b 

H1 0.60g 

H2 0.85d 

H3 1.11c 

LSD 0.05  0.08 

Interactions:   

%P X A  0.03 

%P X H  0.04 

A X H  0.09 

%P X A X H  0.05 

 

Fig 9: The velocity of water rise, according to various 

pottery discs porosity to the capillary. 

 
Fig 10: The response of various pottery discs porosity to 

the capillary 
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Fig 11: Screen shots of the capillary test of six porosity percentages of pottery media discs. 
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P12 and P15 respectively, and this results granted by [26]. Fig. 

13. 

 

Volumetric shrinkage factors (%): 

The air drying volumetric shrinkage (%) are 35, 33, 30, 28, 

26 and 23 %, while the heating volumetric shrinkage factor 

are 17.7, 15.5, 12.4, 11.2, 11.2 10.8 and 9.7 %. By the same 

token, the total volumetric shrinkage of pottery discs are 

52.7, 48.5, 42.4, 39.2, 36.8 and 32.7 % for P0, P3, P6, P9, P12 

and P15 respectively. According to [24, 27 and 28]. Fig. 13. 

 

Water absorption (%): 

The water absorption degree of pottery discs increase in the 

porosity percentage, by other means, the relationship between 

the water absorption and porosity is an inverse relationship. 

The water absorption of pottery discs are 12, 11.6, 11.2, 11, 

10.2, and 8.5 for P0, P3, P6, P9, P12 and P15 respectively. Fig. 

13. 

 

 

Volumetric shrinkage factors (%): 

The air drying volumetric shrinkage (%) are 35, 33, 30, 28, 

26 and 23 %, while the heating volumetric shrinkage factor 

are 17.7, 15.5, 12.4, 11.2, 11.2 10.8 and 9.7 %. By the same 

token, the total volumetric shrinkage of pottery discs are 

52.7, 48.5, 42.4, 39.2, 36.8 and 32.7 % for P0, P3, P6, P9, P12 

and P15 respectively. According to [24, 27 and 28]. Fig. 12 an 

13. 

 

 

 

 
Fig.12. SEM shots of the pottery discs with various 

porosities. 

 

Compression and Shearing force of pottery discs: 

Compression force:  

By the same token, At first, the compression force of the 

pottery discs is decreasing according to the increasing of 

pottery porosity. The shear force is 1367, 619, 571, 270, 204 

and 156 N, respectively.  Which caused compressive 

extension 2, 1.19, 1, 0.61, 0.76 and 0.42 mm for pottery discs 

P0, P3, P6, P9, P12 and P15 respectively. According to force 

gauge measurement (instron machine, INSTRON 5965).  

 

Shear force: 

At first, the shear force of the pottery discs is decreasing 

according to the increasing of pottery porosity. The shear 

force is 256.690, 239.756, 226, 131.271, 74.247 and 41 N 

which caused shear extension 0.854, 0.677, 0.599, 0.813, 

0.422 and 0.566 mm for pottery discs P0, P3, P6, P9, P12 and 

P15 respectively. According to force gauge measurement 

(instron machine, NSTRON 5965). The last results granted to 

[23 and 26].    

 

4. Discussion and Conclusion  
Hydraulic characteristics: 

Undoubtedly, the porosity of pottery disc is an important 

factor, so, it can note that the exponent of the operation 

head increasing Whenever the porosity increasing. Another 

significant factor in, the exponent of head increased it's the 

initial flow area increased, according to the inside diameter 

of rubber rings. Where the relationship of both of them is 

positive.  

 

It's crystal clear, that the flow performance of pottery 

drippers is self-compensating where the exponent of pressure 

head close or equal to zero, except (A2, P15) and (A3, P15) 

drippers have a turbulent flow where the exponents of 

pressure head are more than 0.5 and less than 1, according to 

[19]. Fig (6, 7 and 8). Table. 1. 

 

Mathematical analysis: 

 

The mathematical analysis using Wolfram Mathimatica v10.  

During this investigation, the mathematical analysis  presents 

the linear equation clear (the flow area) with different (cross 

areas) as follows: 

 

 

 

P9 

P12 

P15 



European Journal of Academic Essays 2(9): 61-71, 2015 

69 

 

 
 

For each value of There is a corresponding initial 

value of flow area. The following relation gives the factor 

used in each case  

 
So 

 

 
Where: 

Qn = Designed Pottery dripper flow 

(l/s), 

an = Constant, 

Ap = Actual flow area through pottery 

disc  due to porosity, (mm2), 

AR = Initial flow area, surface area of 

pottery discs due to rubber 

rings, (mm2), 

Pn = Porosity of Pottery discs, (%), 

Fn = Factor depends on initial and 

actual flow area, 

bn = Constant, and 

 

Vn 

 

= 

 

Velocity of water flow (m/s). 

n = Code number of  porosity. 

 

Where AP [n] is the average of an actual flow area, according 

to the porosity of pottery discs, three successive calculated 

used values.  

With initial condition Area1, 2,3 (inside area of rubber ring). 

Table.3. 

 

 

 

Table 3: The actual calculated flow area of pottery diss 

according to the porosity and initial flow area. 

Porosit

y (%) 
23.8 24.5 25.6 28.6 

AR1 0.00179 0.01112 0.02151 0.03011 

0.00146 0.01023 0.02193 0.04722 

0.00253 0.01389 0.02273 0.06313 

Aver. 

(Ap) 0.00193 0.00804 0.02205 0.04682 

AR2 

0.00179 0.02532 0.04928 0.16456 

0.00219 0.02632 0.05629 0.15351 

0.00442 0.02273 0.04546 0.18182 

Aver. 

(Ap) 0.00280 0.02452 0.05034 0.16766 

AR3 

0.00448 0.03226 0.09857 0.27509 

0.00366 0.03363 0.10161 0.28509 

0.00568 0.03346 0.11364 0.33333 

Aver. 

(Ap) 0.00461 0.03311 0.10460 0.29784 

 

Physical characteristics of pottery discs: 

Capillary coefficient (mm/s): 

Pottery discs capillary rise velocity  are 0.129, 0.165, 0.171, 

0.186, 0.243 and 0.314 mm/s. For P0, P3, P6, P9, P12 and P15 

respectively, according to the resistance of pottery which 

Hinders the water movement to up. As a consequence, 

whenever The pottery percentage is higher comparing to the 

air percentage (porosity), Correspondingly, pottery discs 

capillary decrease, and vice versa. Capillary is an important 

indicator of pottery porous size, distribution, uniformity and 

porosity percentage, it can be useful in designing of pottery 

dripper, according to [29].    

 

Water absorption degree (%): 

The water absorption of pottery discs are 12, 11.6, 11.2, 11, 

10.2, and 8.5 for P0, P3, P6, P9, P12 and P15 respectively. As 

we have seen, The Water absorption degree decreases 

whenever the pottery porosity increasing due to the essential 

factor is the minerals of clay (clay granules) which adsorb the 

water As a consequence, whenever the porosity increase it 

can be noted the water absorption decrease according to clay 

percentage decreasing in pottery composite. There's a strong 

correlation relationship of both of water absorption and 

porosity behaviors And this result agrees with [23].    

 

Fig  13:   Some physical characters of various pottery media composite. 
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Bulk density (g/cm
3
): 

According to the data on the bulk density and porosity of 

pottery discs, it can be noted that there's a strong correlation 

relationship where it's a contrary relationship due to the 

porous take a space of bulk volume (pottery composite discs) 

instead of clay granules. But we should also consider, the 

porous establishment according to the percentage of sawdust 

in the campsite where the sawdust adsorb and swells with 

water, which takes a volume space in the composite, then, 

when the air dry process was completed the sawdust becomes 

dry and shrinks leaves the volume space, moreover the 

heating process was completed, the sawdust becomes burnt 

and, may be disappeared making the porous percentage 

according to the sawdust percentage in the composite of 

pottery. So, it could be controlled of porosity porous 

percentage according to the dry straw, organic matter in 

addition to control of pore diameter due to the diameter of 

organic dry matter granules. Fig. 12.  

 

Volumetric shrinkage factors (%): 

The total volumetric shrinkage of pottery discs are 52.7, 

48.5, 42.4, 39.2, 36.8 and 32.7 % for P0, P3, P6, P9, P12 and 

P15 respectively. There is also, however, a further point to be 

considered. The volumetric shrinkage must be calculated and 

considered in engineering design of pottery discs to 

determine the exact disc dimensions. 

 

Compression and Shearing force of pottery discs: 

Unquestionably, there is a strong correlation relationship of 

fracture toughness of pottery discs and both of the shear and 

compression force as data measurements clear that 

correlation  according to the porosity of pottery discs, the 

inverse relationship between the porosity and fracture 

toughness is due to the clay granules  resistance to the shear 

and compression force. On the other hand, the pottery discs 

resistance decreases according to the increasing of porosity, 

where the last parameter weakens and reduces the resistance 

to the external forces. Beside pottery composite can be 

considered under class "A"  which mean very good in 

environmental resistance. According to  [26].    

 

In PCPD designing, both of porosity and toughness is so 

important as the same class, but the relationship between 

them is an inverse relationship, Therefore, it's so critical to 

design the pottery discs to gain all the advantages of two 

parameters (porosity and toughness), But we should also 

consider, that there is a common limit of operating pressure 

head of drip irrigation systems. Which represents the forces 

which fall on  the pottery discs. Admittedly, the common 

operating pressure head ranges from 0.5 to 1 bar (0.05 to 0.1 

MPa) and no more that value. By calculating the results show 

that the equivalent force of the common drip operating 

pressure (0.05 to 0.1 MPa) equals for compression force 

(11.35 and 22.7 N) respectively, and for shear force (1.05 

and 2.1 N) respectively, according to an area that is exposed 

to stress. Given the fracture toughness force results of 

outlined in the previous paragraph, it is quite mentioned that 

the lowest value of compression force is 156 N while the 

lowest value of shear force is 41 N. It is worth mentioning 

that these values are the values corresponding to the largest 

percentage of porosity in the study, (P15). So there is a safety 

zone of designing pottery discs in this study and under the 

trial conditions.   

Unquestionably, there is a correlation relationship of many of 

hydraulic and engineering design factors such as bulk 

density, water absorption, volumetric shrinkage, capillary 

compression and shearing force. But At the same time, it's 

important to concentrate on porosity which it is the essential 

factor in pottery composites in addition to effects on the 

remain physical parameters.   

 It is quite predictable that the pottery drippers may be 

support a lateral drip hoses more than 50 meters according  

high uniformity distribution, which reduce the infrasturcute 

of drip irrigation system by reducing the PVC pipes in design 

due to the higher limit of drip hoses length will be more than 

traditional (50 meters), Following this further, it maximizing 

the net income of drip irrigation according to use 

environmental cheap material (clay) and dry organic matter 

(saw-dust) or dry agriculture waste (straw) of many crops. So 

it can be called recycling of agricultural or industrial waste in 

the manufacture of pottery discs.  In addition to the lifespan 

of pottery discs is not a problem, according the pottery discs 

cheap price and the Availability of raw material of pottery 

discs at the local and global environment. For example, if 

pottery disc exposed to to clogging or fracture, it's easy and 

cheap to replace it with another disc and save a lot of 

clogging cleaning process costs, But we should also consider, 

Nevertheless, remains a growing problem. The pottery 

drippers need a high filtration system to increase the lifespan 

of pottery discs, but admittedly, this is ordinarily in drip 

irrigation systems   The pottery drippers need more 

investigation and study in the field.  
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