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HYDRAULIC PROPERTIES EFFECT OF FILTER 

MEDIA ON EMITTER CLOGGING PROBLEMS 
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ABSTRACT 

Series of laboratory experiments were conducted to investigate the 

filtration performance of different types of filter media under different 

operating conditions, and to study their influence on the emitter clogging 

problems. The emitter clogging problem under these different operating 

conditions was investigated. Five different emitter types were used. The 

statistical split-split- split plot design was chosen for this study. Obtained 

results indicated that, Sedimentation loads is the second most important 

factor affecting the media filter performance. Using high sedimentation 

loads of 50 and 100 mg/L affected drastically the removal efficiency. An 

improvement of the removal efficiency due to increasing filter bed depth 

from 30 to 50 cm was noticed. The susceptibility to clogging of the tested 

emitter types varied according to its emitter type, sedimentation loads, 

and removal efficiency. Obtained results indicated that the use of crushed 

silica and crushed basalt (2) media types, E-2 and Supertif emitter types 

under operating condition of at least 50 cm and sedimentation loads of 10 

to 20 mg/L contributed to better performance of the trickle- irrigation 

system.  
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INTRODUCTION 

rickle irrigation is an attractive alternative for conserving water in 

Egypt, where water is scarce. The most important objective of 

trickle irrigation is to provide adequate water quantity to each 

irrigated plant. The efficiency of trickle irrigation systems depends 

directly on the uniformity with which water is discharged from the 

emission devices throughout the system. So, all emitters in the system 

should discharge equal amounts of water. Manufacturing variation, 

pressure differences, emitter plugging, temperature variations ,etc. affect 

negatively on uniformity.  
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Serious crop damage or economic loss can occur. (James,1993;and Hill 

and Tajrishy,1995). According to Mizyed and Kruse (1989), the main 

factors affecting drip irrigation system uniformity are:(1) manufacturing 

variations in emitters and pressure regulators,(2)pressure variations 

caused by elevation 

changes, (3) friction head losses throughout the pipe network, (4) emitter 

sensitivity to pressure and irrigation water temperature changes, and (5) 

emitter clogging. Similarly, Capra and Scicolone (1998) indicated that the 

major sources of emitter flow rate variations are emitter design, the 

material used to manufacture the drip tubing, and precision. Nakayama 

(1993) classified the major clogging agents as physical, chemical and 

biological contaminants. All these constituents of clogging are carried or 

present in the irrigation water. These include the suspended soil material, 

biological organic debris, plastic cuttings, dissolved chemicals that can 

precipitate out under certain conditions and bacteria that can form slime 

or secondary precipitates following their activity on certain substances. 

Analysis of the irrigation water for these clogging agents plays an 

important role in trying to determine the type of clogging problem that 

can likely occur by using a particular water supply. Filtration of irrigation 

water is the physical treatment to prevent or reduce the physical clogging 

problems in trickle irrigation. Keller and Bliesner (1990) stated that 

recommendations by emitter manufacturers on the degree of filtration 

required should be followed; however, where no recommendations are 

available, final filtration size should be one-tenth the diameter of the 

emitters smallest opening. Other manufacturers recommended removing 

particles larger than 0.075mm or 0.15 mm. They added that where open 

waters are used; a complex filtration system is usually required. The 

system may consist of a pre-filter, such as settling basin or vortex 

separator, followed by a sand filter and then screen filter. Media filters are 

used in clarifying irrigation water for trickle irrigation where, there is a 

moderate to heavy load of suspended solids; there is possibility of organic 

contamination and when screen filter needs frequent backwashing. Three 

important components must be considered in performance evaluation of 

media filters. These include removal efficiency, pressure drop, and 

emitter clogging; (Nakayama and Bucks, 1986).Boman (1995) conducted 
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an experiment over a three years period to evaluate the clogging rates of 

microsprinkler emitters with orifice diameters of 0.76mm, 1.02 mm, and 

1.27mm. Every three months, each emitter was inspected and those that 

were clogged were examined to determine the cause of clogging. All 

fouled emitters were thoroughly cleaned and/or replaced. Overall, 46% of 

the clogging was due to algae, 34% was from ants and spiders, 16% was 

from snails, and 4% was from physical particles such as sand and bits of 

PVC. The total clogging rate was found to be inversely related to the 

orifice area of the emitters during the three- years study. The optimum 

characteristics of gravel media with a uniformity coefficient ranged from 

1.4 to 1.6. When such conditions are not available, the value of D10 up to 

2mm and Cu up to 3.5 may be accepted. (Hegazi, 1994). Farrell (1989) 

explained that the permeability of the filter media must be high enough to 

allow the flow of water with optimum pressure loss. For most common 

media, water flow rates through media should be in a range of 10.2 to 17 

L/s.m2. A good safe flow- rate to use for moderately dirty water is 11.54 

L/s.m2. Phillips (1995) stated that the sand-media filter can be a 

tremendously valuable tool when operated and maintained properly. The 

recommended flow rate of media filter ranged between (36.6-60) 

m3/h.m2 of filter surface area. An effective diameter of (1.4-1.6) and in 

sometimes to 2 mm is generally recommended. Filter media also should 

have a uniformity coefficient of at least 1.5 or better. Use of sharp edged 

and angular filter media will provide the optimum removal of suspended 

solids from the water source. The main objectives of   this study were 

identifying the physical and chemical properties of the tested filter media; 

determining the hydraulic and manufacture characteristics of the tested 

emitter types and investigating the effect of the removal efficiency of 

tested media types on the emitter clogging ratio under different operating 

conditions. 

MATERIALS AND METHODS 

Different media types were used, namely: coarse sand; crushed basalt, 

(1); crushed silica, crushed basalt, (2). The experiments aimed to: 

evaluating the filtration efficiency for each media type at different bed 

depths, flow rates, sedimentation load. A media filter was designed and 

constructed for the purpose of these experiments. Details description of 
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media filter are shown in Fig. (1), and examining the performance of 

different emitter types and testing there susceptibility to clogging under 

different operating conditions. Five different emitter types were used, 

which were, Turbo-key, E-2, Tufftif, Katif and Supertif. The experimental 

setup included the filter performance testing system, and emitters testing 

system. Filter experiment system was based on the assumption that field 

conditions such as suspended material, concentrations, filtering velocity, 

and identical filter media could be carefully simulated. Four types of 

media, each in two filtration depths, 30 and 50cm, and five different 

sediment loads (10, 20, and 50,100) mg/L were used.  

Different sedimentation compositions were used according to the (ASAE 

Standards, 1998) recommendations. 

Experimental measurements were carried out under the condition of 200-

kPa inlet pressure. The initial head loss through the clean media bed and 

the underdrain assembly ranged from 10 to 12 kPa for media bed depth of 

30 cm, and from 14 to 16 kPa for media depth of 50 cm. The flow rate 

was measured over 10 kPa pressure drop increments. The experiment was 

terminated when the head loss through the filter reached 70 kPa. The time 

at which the pressure drop reaches 70 kPa is the backwashing time. The 

evaluation of the filter efficiency followed the measurements of the total 

suspended solids of water samples before and after the filter. Filter papers 

were used to filter the water samples. The filter papers were then 

completely dried in the electrical oven.  The following equation was used 

to calculate the filtration efficiency according to ASAE standards (1998): 

Er = 100 (1 – S1/S2)                                                   

Where: 

 Er: removal efficiency, 

 S1: outlet concentration of suspended solids in mg/L, and 

 S2: inlet concentration of suspended solids in mg/L. 

Laboratory measurements based on the procedure proposed by Keller and 

Karmeli (1975) were conducted to study the hydraulic performance of 

different emitter types. A total of five available models of emitters were 

selected to be included in the experiments. Those emitters were further 

categorized by flow rate. Discharge rates from different emitters were 

collected at different pressures from 50 to 300 and to 350 kPa for Supertif 
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and Katif emitters. The pressure regulator and pressure gauge at the 

beginning of the emitter test controlled pressure. Data were collected after 

one hour to ensure that the reached desired -pressure remained constant. 

Coefficient of manufacturing variation (Cv), emitter exponent (x), and 

discharge coefficient (K) were computed.  These parameters were used to 

evaluate the effect of emitter exponent, x, on the flow regime in relation 

to pressure and to find the emission uniformity of water for each tested 

emitter. The scheme of the system used for testing emitter performance 

following different levels of sediments in water, and by using different 

types of media, and different filtration bed depths is shown in Fig.  (2). It 

consists of four laterals. The lateral tubing was 14 mm polyethylene hose. 

Emitters of specific make and flow rate were placed at 0.15cm spacing. 

Control valve, pressure gauge, and pressure regulator were provided at 

the system inlet to control the pressure during the test. Emitters clogging-

tests were conducted parallel to the filter performance tests by using four 

different sediment concentrations and tap water as a control treatment. 

The initial operating pressure for all treatments was maintained at 100 

kPa. The degree of emitter clogging was related directly to the reduction 

in the average flow rate for each emitter to the design flow- rate. 

Therefore, flowrates of individual emitters were measured. Emitters with 

flow reduced to less than 50 percent of the design flow were considered 

clogged. The degree of emitter clogging can be calculated for any emitter 

duration as follows: 

 

                         = (1 - (Qavg. / Qd)) * 100.  

Where: 

    :clogging ratio, (%) 

 Qavg: average flow rate for each emitter (Lph), and 

 Qd  : design flow rate for each emitter type (Lph). 

The statistical split-split-split plot design was chosen for this study. Four 

parameters were considered in the analysis, which were: five 

sedimentation loads, four types of media, two filtration depths and five 

different emitter types. These four variables were combined in the design 

in two replicates.  
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RESULTS AND DISCUSSION 

Emitter characteristic data: 

 Values for the emitter exponent (x), discharge coefficient (K) and 

consequently the flow regime are presented in table (1) for all types of the 

tested emitters. Flow regimes for these emitters are categorized depending 

on their emitter exponent values. All tested emitters inhabited a 

coefficient of manufacturing variation (Cv) values less than 0.05 and 

therefore lay in the acceptable range. Turbo-key, E-2, Tufftif and Katif 

emitter types discharged water uniformly than Supertif emitter type. 

 

Table (1): Some manufacture characteristics and hydraulic      

performance data of the tested emitters. 

Type of 

emitter 

P 

kPa 

Qavg. 

Lph 

x K Cv 

% 

EU 

% 

Flow regime 

1.Turbo-key 

2.E-2 

3.Tufftif 

4.Katif 

 

5.Supertif 

50-300 

50-300 

50-300 

50-100 

100-350 

50-100 

100-350 

4.0 

4.08 

1.99 

 

3.71 

 

8.02 

0.5026 

0.608 

0.5808 

0.4045 

0.0512 

0.3427 

0.0599 

0.3983 

0.4881 

0.1416 

0.5878 

2.9315 

1.4707 

6.0814 

1.59 

2.13 

2.93 

 

3.40 

 

4.0 

95.20 

93.76 

92.33 

 

90.92 

 

88.73 

Turbulent 

Partially turb. 

Turbulent 

Pressure comp. 

 

Pressure comp. 

 

Their emission uniformity (EU) values were 95.20, 93.76, 92.33, and 

90.92% respectively. For pressure compensating emitters, it was so 

difficult to find out a mathematical expression for the discharge- pressure, 

because of the complexity relation between a given pressure and the 

corresponding value of the discharge. Therefore, these types of emitters 

were tested on two stages ;   ( 50 –100) kPa and from (100 - 350) kPa as 

shown in table (1) . 

Emitter clogging test: 

Obtained results and the statistical analysis indicated that the 

sedimentation load affected significantly the emitter clogging ratio 

in all treatments as shown in Fig.(3). Supertif emitter type had the 

minimum clogging ratios of 1.05 and 1.6% at 10 and 20 mg/L 

sedimentation loads and 50 cm filtration depth with crushed silica 

media type respectively as shown in Figs. (3) and (4).  
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Fig. (1): Details of the filtration performance testing apparatus. 

Fig. (2): Schematic of the emitter testing system 
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Increasing the sedimentation load to 50 and 100 mg/L influenced 

drastically the performance of the all tested emitters especially Supertif 

and Katif emitter types. The relationship between media type and the 

emitter clogging ratio was found to be very correlated. Filter media, 

which had the best filtration efficiency, contributed by reducing the 

emitter clogging problems. 

Figs. (3) and (4) show the effect of media type on the performance of the 

tested emitters under different operating conditions.  Crushed silica and 

crushed basalt, 2 media types offered the minimum clogging ratio for 

most treatments. The maximum clogging ratio of 1.76% was for orifice 

emitter type (Tufftif) by 10 mg/L, 30 cm filtration depth and crushed 

silica media type. Meanwhile,it was 2.30%, 2.12% and 1.93% for coarse 

sand, crushed basalt, 1, and crushed basalt “2” media types, respectively, 

as shown in Fig. (4). The same trend was found with the other emitter 

types and treatments.  

Comparison between Figs. (3) and (4) indicates that the emitter-clogging 

ratio decreased by increasing the filtration bed depth from 30 to 50 cm at 

the same sedimentation load. Also, the statistical analysis of the emitter 

clogging test data confirmed that increasing the filtration bed depth from 

30 to 50 cm affected the clogging ratio very significantly. This was a 

general observation in all treatments.  

The differences between the levels of emitter clogging according to their 

types at 1% significance were found to be very significant .Figs. (3) and 

(4) show that the Supertif and E-2 emitters types were less sensitive to 

clogging than the other tested emitter types under sediment loads of 10 

and 20 mg/L. Orifice emitter types (Turbo-key and Tufftif) were more 

sensitive to clogging than long path emitter type (E-2). Pressure 

compensating (Katif) and orifice (Tufftif) emitters types were more 

sensitive to clogging under the same operation conditions. All tested 

emitter types were sensitive to clogging and caused trouble when using 

sedimentation loads of 50 and 100 mg/L. Therefore, it was enough to 

demonstrate the susceptibility to clogging of the tested emitters under 

operating conditions of 10 and 20 mg/L only. 
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Fig. (3) : Emitter clogging ratio as affected by operating time,  media 

types  and  filtration depths at 10 mg/L. sedimentation load. 
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Fig.(4): Emitter clogging ratio as affected by operating time, media type 

and filtration depth at 20 mg/L sedimentation load. 
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CONCLUSION  

Media size is the main factor affecting removal efficiency and pressure 

loss development. Sedimentation loads is the second most important 

factor affecting the media filter performance. Using high sedimentation 

load of 50 and 100 mg/L reduced drastically the removal efficiency. An 

improvement of the removal efficiency due to increasing the filtration 

depth from 30 to 50 cm was noticed. Greater filter bed depth is required 

to achieve the same removal efficiency as that by finer media at the same 

operating conditions. Head loss development across the filter media is 

directly proportional to the bed depth sedimentation loads and 

accumulated filtration time and inversely with media size. The 

susceptibility to clogging of the tested emitters varied according to their 

types, sedimentation loads, and removal efficiency. Obtained results 

indicated that the use of crushed silica and crushed basalt (2) media types 

with an effective diameter of 1.30 and 1.31 mm respectively, E-2 and 

Supertif emitter types under operating condition of at least 50 cm and 

sedimentation loads of 10 to 20 mg/L may contribute to better 

performance of the trickle irrigation system. Additional filtration 

processes are recommended to maintain the system at acceptable 

performance especially at sedimentation loads of 50 mg/L and more. 

Emitter design should be carefully considered before making water 

treatment recommendations. 
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 ا لملخـص ا لعر بي 

 الخواص الهيدروليه لأوساط الفـلا تـر الحصـويـه و تأثيرهـا على

مشاكل إنسداد المنقطات   

 محمد نبيل العوضى*  عزمي محمود البرى**    محمد عبد المجيد جنيدى*** عبد الحليم زيتون**** 

ية و تأثي هببل يهدف هذا البحث إلى دراسة الخواص الهيدروليه لببب أ سوسببلت الح اببيو الح ببو

تحديببد الخببواص الهيدروليببه لببب أ   وتمعلى مشلكل انسداد المنقطلت في اببب ه البب ل نببللحنقي  

, (x)  سنواع المنقطلت المسحخدمة في البحث و الحي تحمثل في ثلنببخ صببلص ننببوع نمبب  السبب يل 

   (CU)ثو م لمل انحظلمية الب (Cv), م لمل الاصحلاف(K)ثلنخ صلص ننوع المنق   

 50، 20،  10 ( داء سوسلت الح ايو   تحخ ظ وف تشغيل مخحلفة من ت كيببا الشببوا  دراسة س

المنقطببلت  انسببدادسم(    دراسببة ظببله     50،    30ملليج ام / لح ( و  سعملق الح ايو )  100و  

تحخ هذ  الظ وف  هذا و قد املخ الدراسة صمسه سنواع من سوسلت الح ايو : ال مل الخشببن ، 

  نللإضلفة إلي صمسببه سنببواع 2-، السلي ل المج  واه، البلزلخ المج وش1 –البلزلخ المج وش  

   Turbo-key, E-2, Tufftif, Katif and Supertif) .)  مخحلفة من المنقطلت:

اصحيبب ت القطببم المنشببقة   ييببث  كح ببميم منلسبب  للحج نببةالحجببلرا الم مليببة إي ببل يل     خصمم

   وكلنخ سهم النحل ج كمل يلي:(split-split-split plot design)   نمسحويلت  ثلاث  

سظه ت سوسلت الح ايو الدقيقة  كفلءة ت ايو سعلى من تلك للأوسلت الخشنة وذلك عند نفبب    -1

عمق الح ايو و نف  المححوى من الشوا    و لقد تميببا وسبب  الح ايو)السببلي ل المج واببة( ذو 

ملليجبب ام/ لحبب ( مببن   10ى)  ( عند مسببحو%76.19ت ايو )  كفلءةمم( نأعلى    1.3القط  الف لل )

 سم عمق ت ايو  50الشوا   و 

تأتي في الم تبة الثلنية مببن ييببث   ال لسكدت نحل ج الحجلرا س  ت كيا الشوا   ال للقة نميل     -2

سداء سوسببلت الح اببيو  ف لببى  سبببيل المثببلل سببجل وسبب  الح اببيو )السببلي ل  كفببلءةالحببأثي  علببى 

( وذلببك عنببد %61.13و   63.15، 69.08، 73.32ت ايو انحدا ية  قدرهل )  كفلءةالمج واة(  

ملليج ام / لح ( على الح تي  و عنببد عمببق ت اببيو 100و    10،20،50مسحويلت من الشوا   )

ت اببيو م فوضببة عنببد  كفببلءةسم  هببذا و لقببد لببويم س  وميببم سوسببلت الح اببيو تبببدى  50قدر   

  ( ملليج ام/لح 100و  50مسحويلت الشوا   )

الح اببيو  علببى  كفببلءةسم إلببي زيببلدة ملحوظببة فببي   50الى  30سدى زيلدة عمق الح ايو من    -3

و السببلي ل المج واببة( زيببلدة فببي   2-سبيل المثلل سظه ت سوسلت الح اببيو) البلزلببخ المجبب وش

 20على الح تي  عند مسحوى من الشوا   قببدر      )   %5.42و   %5ال فلءة الح ايحيه قبدرهل  

 سم  50م/لح ( و ذلك عند زيلدة عمق الح ايو إلى ملليج ا

ملليج ام/لحبب (  20و 10مم مسحويلت الشببوا   )   صلصةتيبل     سداء  (E-2)سظه  نوع المنق     -4

كذلك فقد سظه  مسحوى محوس  من الأداء عند المسحويلت الأعلى من الشببوا   مقلرنببه  نببللأنواع 

يسنل   مببم مسببحويلت    ا  سداء  (Supertif)المنق     الأص ى من المنقطلت المخحب ة  هذا و قد سظه 

ملليج ام/لح   الأنواع الأص ى من المنقطلت المخحب ة تححلج إلببى إوبب اءات 20و   10الشوا  )  

 للميل  للوصول  نهل إلى مسحوى م ضى من الأداء  إضلفيةت ايو 
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