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ABSTRACT 

The aim of this research was determine the maximum application 

uniformity of closed circuit trickle irrigation systems designs. Laboratory 

tests carried out for Two types of closed circuits: a) One manifold for 

lateral lines or Closed circuits with One Manifold of Trikle Irrigation 

System (COMTIS); b) Closed circuits with Two Manifolds of Trikle 

Irrigation System (CTMTIS), and c) Traditional Trikle Irrigation System 

(TTIS) as a control. Three lengths of lateral lines were used, 40, 60, and 

80 meters. PE tubes lateral lines: 16 mm diameter; 30 cm emitters 

distance, and GR built-in emitters 4 lph when operating pressure 1 bar. 

Experiments were conducted at the Agric. Eng. Res. Inst., ARC, MALR, 

Egypt. With COMTIS the emitter flow rate was 4.07, 3.51, and 3.59 lph 

compared to  4.18, 3.72, and 3.71 lph with CTMTIS and 3.21, 2.6, and 

2.16 lph with TTIS (lateral lengths 40, 60, and 80 meter respectively). 

Uniformity varied widely within individual lateral lengths and between 

circuit types. Under CTMTIS uniformity values were 97.74, 95.14, and 

92.03 %; with COMTIS they were 95.73, 89.45, and 83.25 %; and with 

TTIS they  were 88.27, 84.73, and 80.53 % (for lateral lengths 40, 60, 80 

meter respectively). The greatest uniformity was observed under CTMTIS 

and COMTIS when using the shortest lateral length 40 meter, then lateral 

length 60 meter, while the lowest value was observed when using lateral 

length 80 meter this result depends on the physical and hydraulic 

characteristics of the emitter and lateral line. CTMTIS was more uniform 

than either COMTIS or TTIS. Friction losses were decreased with 

CTMTIS in the emitter laterals at lengths 40 meter compared to TTIS and 

COMTIS. Therefore, differences may be related to increased friction 

losses when using TDIS and COMDIS. 

KEYWORDS. Trickle Irrigation, Closed Circuits, Manifold, Lateral, 

Flow Rate, Uniformity.  
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INTRODUCTION 

rickle irrigation has been used since ancient times when buried 

clay pots were filled with water, which would gradually seep into 

the grass. Perforated pipe was introduced in Germany in the 1920s 

and in 1934, Nobey experimented with irrigating through porous canvas 

hose at Michigan State University. Plastic microtubing and various types 

of emitters began to be used in the greenhouses of Europe and the United 

States. 

Qualitative classification standards for the production of emitters, The 

emitter discharge rate q (m
3
/h) has been described by a power law, 

, where operating pressure head H (m), emitter coefficient (k), 

and exponent (x) depend on emitter characteristics (Kırnak et al 2004). 

Capra and Scicolone (1998) indicated that the major sources of emitter 

flow rate variations are emitter design, the material used to manufacture 

the lateral line, and precision. According to Mizyed and Kruse (1989) 

the main factors affecting trickle 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, 

according to the manufacturer’s coefficient of emitter variation (CVm), 

have been developed by ASAE. CVm values below 10% are suitable and 

> 20% areunacceptable (ASAE, 2003). The emitter discharge variation 

rate (qvar) should be evaluated as a design criterion in trickle irrigation 

systems; qvar < 10% may be regarded as good and qvar > 20% as 

unacceptable (Wu & Gitlin, 1979 and Camp et al 1997). The 

acceptability of micro-irrigation systems has also been classified 

according to the statistical parameters, Uqs and EU; namely, EU = 94%-

100% and Uqs = 95%-100% are excellent, and EU < 50% and Uqs < 60% 

are unacceptable (ASAE, 1996). Ortega et al (2002) calculated emission 

uniformity (EU), pressure variation coefficient (VCp), and flow variation 

coefficient per emitter (VCq) at localized systems and reported that they 

were 84.3%, 0.12, and 0.19, respectively. They classified the systems 

unacceptable for VCq > 0.4 and excellent for VCq < 0.1. In addition to 

pressure variation along irrigation tape, variation in emitter structure or 

T 

http://en.wikipedia.org/wiki/Michigan_State_University
http://en.wikipedia.org/wiki/Microtubing
http://en.wikipedia.org/wiki/Greenhouse
http://en.wikipedia.org/wiki/Europe
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/United_States


IRRIGATION AND DRAINAGE 
 

Misr J. Ag. Eng., July 2010 - 905 - 

emitter geometry has been known to cause poor uniformity of emitter 

discharge (Wu & Gitlin, 1979; Alizadeh, 2001 and Kırnak et al 2004). 

Differences in emitter geometry may be caused by variation in injection 

pressure and heat instability during their manufacture, as well as by a 

heterogeneous mixture of materials used for the production (Kırnak et al 

2004). Berkowitz (2001) observed reductions in emitter irrigation flow 

ranging from 7 to 23% at five sites observed. Reductions in scouring 

velocities were also observed from the designed 0.6 m/s (2ft/s) to 0.3 m/s 

(1ft/s). Lines also developed some slime build-up, as reflected by the 

reduction in scouring velocities, but this occurred to a less degree with 

higher quality effluent. In their treatments they generally used 

approximate friction equations such as Hazen-Williams and Scobey, 

neglected the variation of the velocity head along the lateral and assumed 

initial uniform emitter flow. Warrick & Yitayew, 1988  and Yitayew & 

Warrick, 1988 assumed a lateral with a longitudinal slot and presented 

design charts based on spatially varied flow. The latter solution has 

neglected the presence of laminar flow in a considerable length of the 

downstream part of the lateral. Hathoot et al 1991 provided a solution 

based on uniform emitter discharge but took into account the change of 

velocity head and the variation of Reynold’s number. They used the 

Darcy-Weisbach friction equation in estimating friction losses. Hathoot 

et al 1993 considered individual emitters with variable outflow and 

presented a step by step computer program for designing either the 

diameter or the lateral length. In this study we considered the pressure 

head losses due to emitters protrusion. These losses occur when the 

emitter barb protrusion obstructs the water flow. Three sizes of emitter 

barbs were specified, small, medium and large in which the small barb 

has an area equal or less than 20 mm², the medium barb has an area 

between 21-31mm² and the large one has an area equal to or more than 32 

mm² Watters et al 1977. 

The objectives of the present research were: 

1. Recovery the problem of pressure reduction at the end stage of lateral 

lines.   

2. Investigate emitter discharge application uniformity and its dependence 

on operation pressures and Laterals lengths (40, 60, and 80 m). 
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3. To compare emitter discharge uniformity between tow type of closed 

circuits (COMTIS and CTMTIS) and traditional trickle system (TTIS). 

MATIRIALS AND METHODS 

Site Location and Experimental Design 

This experiment was conducted at Irrigation Devices and Equipments 

Tests Laboratory, Agricultural Engineering Research Institute, 

Agriculture Research Center, Cairo, Egypt, The experimental design was 

randomized complete block with three replicates. Three irrigation new 

lateral lines 40, 60, 80 m long that were installed at constant level and 

under Ten operating  pressures 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, and 

2.0 bar for Ten minutes at each pressure.  Details of the pressure and 

water supply control have been described by (Safi et al 2007), to evaluate 

the Built-in Dripper (GR), discharge, 4 lph design emitter spacing of 30 

cm at 1 bar nominal operating pressure in order to reach an modified way 

to resolve the problem of lack of pressure at the end of lateral lines in the 

traditional trickle irrigation system.  

Drip System Components 

The components of closed circuits the trickle system include, supply lines, 

control valves, supply and return manifolds, trickle lateral lines, trickle 

emitters, check valves and air relief valves/vacuum breakers. Figures (1 

and 2) show the closed circuits of trickle irrigation system: 1). Closed 

circuit with Tow Manifold of trickle Irrigation System (CTMTIS) and 2). 

Closed circuit with One Manifold of trickle Irrigation System (COMTIS) 

while Fig. (3) is 3).Traditional of Trickle Irrigation System (TTIS). 

Supply lines provide water to the supply manifolds of the system after 

passing through the zone control valve in systems with more than one 

zone. The supply manifold distributes water to the individual trickle 

laterals within the zone. The laterals then connect to a return manifold. 

Along the supply and return manifold, air relief/vacuum breakers are 

installed at the highest point of the manifolds to allow air to enter the 

system during depressurization (Netafim, 2002).  

The return manifold is used during system flushing to collect water from 

the laterals and carry it to the return line which returns to the pretreatment 

device. Prior to connecting the return manifold to the return line a check 
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valve is installed to prevent water from entering the zone during the 

operation of other zones. 

 

 

          
 

Fig. 1. Layout of Closed circuit with Tow Manifolds of Trickle 

Irrigation System (CTMTIS). 

 

 
Fig. 2. Layout of Closed circuits with One Manifold of Trickle 

Irrigation System (COMTIS). 
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Fig. 3. Layout of Traditional Trickle Irrigation System (TTIS). 

 

 

 

 
Where: 

           qmax and qmin are maximum and minimum emitter discharge, 

respectively, 

            and S are the mean and standard deviation, respectively, of 

discharge (q), and 

            n is the number of emitters. 

Emission uniformity of the quarter was calculated using the equation 

(Ortega et al 2002) 

                                  

Where: 

          25% is the mean of the lowest 0.25 of emitter discharge. 

The coefficient of variation in this calculation refers to the depth of water 

applied. This statistical uniformity coefficient describes the uniformity of 
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water distribution assuming a normal distribution of flow rates from the 

emitters.  

Application uniformity of a system is affected by hydraulic design, 

topography, operating pressure, pipe size, emitter spacing, and emitter 

discharge variability. Discharge variability is due to manufacturer’s 

coefficient of variation, emitter wear, and emitter plugging ASAE (1999). 

Table 1 illustrates the acceptability depending on the range of statistical 

uniformity. ASAE (1983) also represents flow variation through the 

Christiansen Uniformity Coefficient: 

  

Where: 

 Cu = the uniformity coefficient %, 

  =  the mean emitter flow (lph), and 

  = the mean absolute deviation from the mean emitter flow(lph). 

  
Table 1. Methods of comparison of statistical uniformity (ASAE, 

1999). 

Method 

Acceptability 
Statistical Uniformity, Us (%) 

Excellent 95-100 

Good 85-90 

Fair 75-80 

Poor 65-70 

Unacceptable <60 

An additional method of evaluating the application uniformity of a system 

is described in Burt et al (1997). This method uses a distribution 

uniformity using the average depth of application of the lower quartile 

over the average depth of application (equation 8). This method has been 

used by USDA and NRCS since the 1940s. 
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Head Loss in a Pipe  

The head loss in pipes due to water flow is proportional to the pipe’s 

length. 

                             L

H
J


                                                                      (7) 

Where:  J = The head loss in a pipe is usually expressed by either %. 

The head loss due to friction is calculated by Hazen-Williams equation: 

87.4852.112 )(1021.1  D
C

Q
xJ                                    (8) 

Where  

J  = head loss is expressed by (m/100 m) or %. 

Q = flow rate is expressed by m³/h. 

D = Inside diameter of a pipe is expressed by mm. 

C = (Hazen-Williams coefficient) smoothness (the roughness) of the 

internal pipe, (the range for a commercial pipe is 100 – 150) 

For polyethelene tubes when diameter < 40 mm and ( C = 150). 

Mogazhi (1998) and Bombardelli and Garcia( 2003). 

Hathoot, et al (1998). For laminar flow where R 2000 the coefficient of 

friction is given by: 

                                                     
R
64f                                                              (9) 

in which R, Reynolds number is given by: 

                                               
 VDR

                                                            (10)                                                 
 

Where: R = Reynolds number, 

            V = flow velocity (m/s), 

            D = inside diameter (m), and 

            ν = kinematic viscosity of irrigation water. 

Critical velocity could be calculated by (10) and the following equations.  
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For turbulent flow  (3000  R  10
5
) the Blasius equation can be used: 

                              
25.0R316.0f                                                          (11) 

For fully turbulent flow, 10
5
 R 10

7
, Watters and Keller (1978) 

recommended the following equation: 

                              
172.0R13.0f                                                           (12)                                         

Statistical analysis 

All the collected data were subjected to the statistical analysis as the usual 

technique of analysis of variance (ANOVA) and the least significant 

difference (L.S.D) between systems at 5% had been done according to 

Dospekhov (1984). 

RESULTS AND DISCUSSION 

The effect of closed circuits at different laterals lengths on emitter 

discharge and the cumulative flow lines subsidiary.  

1. Closed circuits with tow manifolds of trickle irrigation 

system(CTMDIS): 

Data of Fig. (4-A, B, and C) indicate the effect of closed circuits with 

tow manifolds of trickle irrigation system (CTMTIS) at different laterals 

lengths (40, 60, and 80 m) on dripper flows and the Cumulative flows 

lines subsidiary. Under the lateral lines length (40 m), emitter flow was 

the highest value (4.18 Lph), then came the lateral line length (60 m) 

value was (3.72 Lph). The lowest value was (3.71 Lph) achieved under 

lateral line length (80 m). While as for the cumulative flow under lateral 

length (80 m) was the highest (990.0 Lph), then lateral length (60 m) 

(744.0 Lph), while the lowest value of the cumulative flow was (599.9) 

under lateral length (40 m) as show Fig. (4-A, B and C) at (1.0 bar) 

operating pressure and under the laboratory conditions as stated by 

Perlod, 1977; Watters & Keller, 1978; Gilbert et al 1979 and Khatri et 

al 1979. There were significant differences at the 5% level in the emitters 

flow and the cumulative flows between any two lateral lengths of 

CTMTIS. The increase in emitters flow and  the cumulative flows under 

CTMTIS were 23.21, 23.36 ; 30.11, 30.10 and 41.78, 41.74 % under 

lateral lengths 40 ; 60 and 80 m, respectively in comparison with the 
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control values of traditional trickle irrigation system TTIS as show Table 

(3) and the same Fig.(4-A, B, and C). 

2.Closed circuits with one manifold of trickle irrigation 

system(COMTIS): 

Data of Fig. (5-A, B, and C) indicate the effect of closed circuits with one 

manifold of trickle irrigation system (COMTIS) at different laterals 

lengths (40, 60, and 80 m) on emitter flows and the Cumulative flows 

lateral lines. According to emitter flows of the laterals lengths could put in 

the following ascending orders Lateral Length 60m (3.51 lph) < Lateral 

Length 80m (3.59 lph) < Lateral Length 40 m (4.07 lph). Concerning to 

cumulative flow per line, It is obvious that the lateral lengths under study 

when using (COMTIS) method could be arranged in the following 

ascending order Lateral Length 40m (541.0 lph) < Lateral Length 60m 

(702.0 lph) < Lateral Length 80 m (958.0 lph). On the other hand under 

(TTIS) at different laterals lengths (40, 60, and 80 m) on emitter flows 

and the Cumulative flows lateral lines. According to emitter flows of the 

laterals lengths could put in the following descending orders Lateral 

Length 40 m (3.21lph) < Lateral Length 60m (2.60 lph) < Lateral Length 

80m (2.16 lph). Concerning to cumulative flow per line, It is obvious that 

the lateral lengths under study when using (TTIS) method could be 

arranged in the following descending order Lateral Length 80 m (576.7 

lph) < Lateral Length 60m (520.0 lph) < Lateral Length 40m (426.0 lph) 

as show Fig. (5-A, B and C) at (1.0 bar) operating pressure under the 

laboratory conditions as stated by Perlod, 1977 ; Watters and Keller, 

1978 ; Gilbert et al., 1979 and Khatri et al., 1979.  

There were significant differences at the 0.05 level in the emitters flow 

and the cumulative flows between any two lateral lengths of COMTIS. 

The increase in emitters flow and  the cumulative flows under COMTIS 

were 21.13, 21.26 ; 25.92, 25.90 and 39.83, 39.81% under lateral lengths 

40 ; 60 and 80 m, respectively in comparison with the control values of 

traditional trickle irrigation system TTIS as show Table ( 3 ) and the 

same Fig.(5-A, B, and C). We can note from the Figures 5 and 6 that the 

flow of emitters became a regular at the end of the line, such as first-line 

using the methods amended (CTMTIS and COMTIS), and this was due to 

irregular pressure lines, the Sub-corrected methods compared with the 
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system of traditional as well as from the values of the percentages of 

decrease in pressure values in Table (2). 

3. Uniformity coefficient under different lateral lengths of closed 

circuits methods: 

Uniformity coefficient under CTMTIS were the highest values (97.74; 

95.14 and 92.03%), then COMTIS (95.73; 89.45 and 83.25%), while the 

lowest values of uniformity coefficient was (88.27 ; 84.73 and 80.53%) 

under  TTIS 

Table (2). Effect of the closed circuits irrigation methods on emitter 

flow and cumulative flow. 

Irrigation 

Method 

Lateral 

Length 

(m) 

Emitter Flow 

(Lph) 

Reduction 

Pressure 

(%) 

Cumulative 

Flow 

(Lph) 

CM2DIS 

40 4.18 3.70 555.9 

60 3.72 5.60 744.0 

80 3.71 7.00 990.0 

CM1DIS 

40 4.07 3.99 541.0 

60 3.51 6.10 702.0 

80 3.59 8.90 958.0 

TDIS 

40 3.21 8.35 426.0 

60 2.60 13.87 520.0 

80 2.16 30.58 576.7 

LSD 0.05  0.03 0.24 3.3 

when using three laterals line lengths (40, 60 and 80 m), respectively as 

stated by (ASAE, 2003). as show Table (4). LSD 0.05 value was (2.5) 

and (2.1) show that there are significant differences in uniformity 

coefficient between all lateral lengths in each connection methods of 

irrigation, with the exception of that between CTMTIS and COMTIS in 

the same lateral lengths 40m. The increases percentage in uniformity 

coefficient under CTMTIS were (9.68; 10.94 and 12.49 %), while the 

increases percentage under COMTIS were (7.79; 5.27 and 3.26 %) at 

three lateral lengths 40, 60, and 80 m, respectively relative to TTIS). 

According to the uniformity coefficient, The interaction between the 

connection methods and lateral lengths treatments was significant, as 

stated (Wu and Gitlin, 1979; Camp et al 1997; ASAE, 1996 and 

Ortega et al 2002) about the classification of acceptability of trickle 

irrigation system. 

The variation in uniformity coefficient between the lateral lengths under 

CTMTIS and COMTIS according to LSD at 0.05 values and Fig. (6) Due 
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to hydraulics, and adjusted friction loss in lateral lines values for new 

irrigation methods are shown in Fig. (7).   

4. Effect of closed circuits methods and lateral length on friction loss. 

According to friction loss as show Fig. (7), the lowest values (0.05; 0.13 

and 0.17 bar) were under CTMTIS, then COMTIS values of friction loss  

                                                                  

 

                                                                                                   

 

                                                                                           

 

Fig. 4. Comparing emitters flow uniformity between different lateral 

lines lengths in a closed circuits by using tow manifold lines 

(CTMTIS) and trickle traditional system (TTIS). 
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Fig. 5. Comparing emitters flow uniformity between different lateral 

lines lengths in a closed circuits by using tow manifold lines 

(CTMTIS) and trickle traditional system (TTIS). 
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(0.114; 0.221 and 0.4 bar) when using three lateral lines lengths (40; 60 

and 80 m), respectively as stated by Warrick & Yitayew, 1988; Yitayew 

& Warrick, 1988: Hathoot et al 1991 and Hathoot et al 1993. 
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The variation in uniformity coefficient between the lateral lengths under 

CTMTIS and COMTIS according to LSD at 0.05 values and Fig. (6) Due 

to hydraulics, and adjusted friction loss in lateral lines values for new 

irrigation methods are shown in Fig. (7).   

 

4. Effect of closed circuits methods and lateral length on friction loss. 

According to friction loss as show Fig. (7), the lowest values (0.05; 0.13 

and 0.17 bar) were under CTMTIS, then COMTIS values of friction loss 

were (0.08; 0.17 and 0.25 bar), while the highest values were under TTIS 

(0.114; 0.221 and 0.4 bar) when using three lateral lines lengths (40; 60 

and 80 m), respectively as stated by Warrick & Yitayew, 1988; Yitayew 

& Warrick, 1988: Hathoot et al 1991 and Hathoot et al 1993. As show 

LSD 0.05 values in Table (4) there are significant differences in friction 

loss values between all lateral lengths and all methods. The decrease 

percentage in friction loss under CTMTIS were (56.14; 41.17 and 57.50 

%), while the decrease percentage under COMTIS were (29.82; 23.07 and 

37.50) at three lateral lengths (40; 60 and 80), respectively. According to 

the friction losses, The interaction between the connection methods and 

lateral lengths treatments was significant and the main reason of increase 

uniformity coefficient of closed circuits methods CTMTIS and COMTIS 

is that the friction loss decreased significantly under these methods Data 

as we can note the data in Tables (3and 4)     

Table (3): Effect of closed methods and lateral lengths on 

uniformity coefficient (%) and friction loss (bar).   

Irrigation 

connection  

Method 

Lateral 

Length 

(m) 

Uniformity 

Coefficient,% 

Coefficient 

 Variation 

(CV) 

Acceptability 

By ASAE 

1996 

Friction 

Loss 

 (bar) 

CTMTIS 

40 97.74 0.08 Excellent 0.050 

60 95.14 0.06 Excellent 0.130 

80 92.03 0.12 good 0.170 

COMTIS 

40 95.73 0.07 Excellent 0.080 

60 89.45 0.16 good 0.170 

80 83.25 0.23 good 0.250 

TTIS 

40 88.27 0.18 good 0.114 

60 84.73 0.22 good 0.221 

80 80.53 0.28 fair 0.400 

LSD 0.05  0.21   0.01 
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Table (4): Effect of operating pressures 1.0 bar on the flow 

parameters of PE lateral tubes . 

Hydraulic Parameters 
LL (m) of 

 TTIS 

LL(m) of  

CTMTIS 

LL (m) of  

COMTIS 

40 60 80 40 60 80 40 60 80 

No. Drippers 133 200 267 133 200 267 133 200 267 

Emitter (Q) (lph) 3.21 2.60 2.16 4.18 3.72 3.71 4.07 3.51 3.59 

Total (Q) (lph) 427 520 577 556 744 990 541 702 958 

Velocity avg. m/s 0.94 1.62 1.97 0.86 1.54 1.88 0.91 1.73 1.92 

Renold Number 3234 3489 3612 3238 3001 3062 3859 3753 3810 

Flow Type  Turbulent  

Critical Velocity 0.89 1.58 1.93 0.82 1.48 2.83 0.87 1.68 1.85 

f = Ɛ /d 0.23 

Hf (bar) 
0.114 0.221 0.400 0.050 0.130 0.170 0.080 0.170 0.250 

Ɛ /d = Roughens Coefficient; LL = Lateral Length (m); Rn>3000=Turblent flow; Rn <3000 = Laminar flow.  

The study is confirms that the closed circuits of trickle irrigation systems 

(CTMTIS) and (COMTIS) by some modifications in manifolds and  

laterals are; generally, polyethylene pipes of (0% slope) fixed level and 

fitted with similar and equally spaced emitters whose discharges usually 

decrease in the head losses along the lines with flow direction which led 

to that increase in the above-described Uniformity coefficients as show 

Tables (3 and 4) and Figure (6 and 7). Many investigators provided 

approximate solutions for the problem of trickle irrigation lateral design. 

Among the earlier investigators were Perlod, 1977 ; Watters & Keller, 

1978 ; Gilbert et al 1979 and Khatri et al 1979.  

5. Effect of different operating pressures on emitters discharge of 

lateral lines closed circuits: 

In Table (5) we can be observed there was a direct relationship between 

the operating pressures and the average discharge of lateral lines along the 

lines in all cases and this is logical.When operating pressure 0.8 bar was 

under used CTMTIS method, the average of emitter discharge when 

lateral length 40 m was 4.48 Lph and when using the COMTIS and the 

value of the average discharge of emitter was 4.20 Lph under the same 

length of the line. 
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Fig. (6) Effect of lateral length on uniformity coefficient under closed circuit 

with one or two manifolds of trickle irrigation system (COMTIS) 

or (CTMTIS). 

 

Fig. (7). Effect of lateral length on friction loss under closed circuits with 

one or two manifolds of trickle irrigation system (COMTIS) or (CTMTIS). 

While with the change in the operating pressure where it’s increased to 

1.0 bar. When the length of lateral lines was 40m,  the average value of 

the discharge in this case was  4.48 Lph under using CTMTIS While the 

average value of the discharge was 4.33 Lph with using the COMTIS 

method.The lateral lines at all cases of Control TTIS and lengths 60 and 

80 m under used (CTMTIS, COMTIS), the average value of the discharge 

didn’t reach the nominal value for this type of emitters (GR Built-in) 
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where the nominal value for this type of emitters is 4 Lph at the operating 

pressure is 1.0 bar as showing below the Table (5). 

*The shading areas  are all discharge values at the nominal pressure (1.0 bar) and the 

discharge values above stander discharge value (4.0 lph)   

*Standard value of GR dripper Built-in is (4.00 Lph at Operating pressure 1.00 bar ) 

*Values above (4.0 lph) when press. more 1.0 bar no accepted because need high energy. 

CONCLUSION 

It could be concluded that:  

Irrigation systems at 40, 60, 80 m could be arranged according to emitters 

flow, the cumulative flow, and uniformity coefficient in the following 

ascending order: TTIS < COMTIS < CTMTIS. Irrigation systems at 40, 

60, 80 m could be arranged according to friction losses of lateral lines in 

the following ascending order: CTMTIS < COMTIS < TTIS. 

The increases percentage in uniformity coefficient under CTMTIS were 

(9.68; 10.94 and 12.49 %), while the increases percentage under COMTIS 

were (7.79; 5.27 and 3.26 %) at three lateral lengths 40, 60, and 80 m, 

respectively relative to TTIS. Was reached values higher than the standard 

value for the discharge of this emitters type, a 4 L/h at operating pressure 

1.00 bar by using a closed irrigation systems at a low operating pressure 

0.8 bar, giving an important indicator of  energy saving operation using 

these modifications to the trickle irrigation system. Under using the 

CTMTIS  and COMTIS when Lateral Length 40m we got on a 4.38, 4.20 

Table (5): Effect of operating pressures (bar) on discharges of the 

closed circuits. 

 

Pressure 

(bar) 

 

Discharge values (Lph) 

Lateral lengths 

(m) of TIS 

Lateral lengths (m) of  

CTMTIS 

Lateral lengths (m) of  

COMTIS 

40 60 80 40 60 80 40 60 80 

0.2 1.35 1.26 0.89 2.00 2.15 2.30 1.66 1.48 1.11 

0.4 1.50 1.39 1.01 2.60 2.35 2.63 2.00 1.84 1.53 

0.6 1.84 1.58 1.15 3.87 3.35 3.67 2.88 2.31 2.25 

0.8 2.25 1.82 1.37 4.38 3.74 3.74 4.20 3.40 3.37 

1.0 2.93 2.18 1.73 4.48 3.94 3.86 4.33 3.57 3.68 

1.2 3.10 2.49 1.98 4.52 4.02 3.94 4.41 3.69 3.71 

1.4 3.24 2.98 2.23 4.59 4.11 4.15 4.53 3.78 3.80 

1.6 3.47 3.35 2.52 4.64 4.27 4.31 4.64 3.96 3.92 

1.8 3.65 3.49 2.88 4.70 4.33 4.43 4.70 4.15 4.13 

2.0 3.84 3.55 3.32 4.76 4.48 4.56 4.76 4.35 4.26 
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L/h, respectively, Finally, observed data recommend that application 

CTMTIS when lateral length are 40, 60 and 80m, COMTIS when lateral 

length 40 and 60 m and TTIS when lateral length 40 due to an increase 

the emitters uniformity (above 85% UC) and low friction losses (less than 

20%) in lateral lines, which led to constant pressure along the line sub-

flow and balance at the end of the line such as the beginning.  
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 الملخص العربي

  طانتظامية إضافة المياه بين دوائر مغلقة لنظام الري بالتنقي يرتطو

هاني عبد الغني
1

محمد طايل  ،
1

،  ديفيد ليتفوت
2

، عبدالغنى الجندي
3

 

الهدف من هذا البحث هو تحديد انتظاميه الاضافه المثلى بين عدة تصمميما  لمدئا م مقل من لمظما   

المم  بمالتم ي و ئ ممد تمس  يمما  متمدلا  التممدفي متمليما ايممث تمس ا تبمماا نموعين مممن تصمميما  هممذ  

موع الأئل دا مة مقل ه باستخدا     مانيفولمد ئاامد متصمخ   م  توويمد ئاامد  الدئا م المقل نو ال

 و ئالممموع الثممانس باسممتخدا   نممين مانيفولممد   نممين توويممد COMTISمممن نظمما  الممم  بممالتم ي   

  TTIS و ئتمس ا مذ نظما  المم  بمالتم ي  التماد   CTMTISممفصلين  من نظا  المم  بمالتم ي   

، ئ  60،  40همى  (Laterals)دمت ثلاثن أطموال لخنموط الفمعيما  و استخ(Control)للم اانه 

متممما تحممت وممخ نمموع مممن الممدئا م المقل ممه ئتمممت الم اانممه بمظمما  التم ممي  التمماد و ئ ممد ا ميممت  80

التجممااب بمتمممخ ا تبممااا  الممم  الح لممى، بمتهممد بحمموا الهمدسممن البااعيممن ، مموممب البحمموا 

و 2008ل اهمة ، مصم  ملال الفتممة ممن يممايم اتمى ممايو البااعين ، ئوااة البااعن ، بالد ى ، ا

 ئوانت اهس المتا ج وما يلس : 

متمدلا  التممدفي:  ايمث ا تلفممت  ميس متممدل التمدفي عممن بتامها فممس  ميمد الحممالا ، ففمس االممن  -1

لتمم    3.59ئ  3.51،  4.07وانت  ميس متمدلا  التمدفي  (COMTIS)الدئا م المقل ن من الموع 

لتمم   سماعن، بيممما فمس  3.71، ئ  3.72، 4.18وانمت  (CTMTIS)لمن المموع ساعن، أما فمس اا

لتممم   سمماعن تحممت أطمموال  2.16، ئ  2.6،  3.21وانممت  (TTIS)االممن نظمما  التم ممي  التمماد  

 متم على التمتيبو 80، 60، 40الخنوط الفمعين 

قلمي ائ طمول الخم  متامخ الانتظامين: تفائتت  يس متامخ الانتظامين ممن ايمث نموع المدا م  الم -2

الفمعممى علممى ال مموات ئوانممت الفمممئي متمويممه فيممما بيمهمما، فتمممد اسممتخدا  دئا ممم مقل ممه مممن الممموع 

(COMTIS)  ئعمممد اسممتخدا   83.25، ئ 89.45،  95.73وانممت  مميس متامممخ الانتظاميممه ،%

%، بيمممما باسممتخدا  الممموع التمماد    92.03، ئ  95.14،  97.74وانممت   (CTMTIS)الممموع 

(TTIS)  80، 60، 40% تحت أطموال الخنموط الفمعيمن  80.53، ئ  84.73،  88.27وانت 

انتظاميمه ئهمى  الأوثمماستخدا  المدئا م فتكون التوصين بمتم على التمتيبو ئبمات على تلك المتا ج 

متم،  80، 60، 40ئباستخدا     فمعى بنول  (CTMTIS)فى االن الدا م  المقل ه من الموع 

متمم للخم   60، 40عممد اسمتخدا  طمول  (COMTIS)ئاياا فى االن الدا م  المقل ه ممن المموع 

و ايمث ومان ال مبب فمى هلمك همو انمه (TTIS)متم فى االن المظا  الت ليد   40، ئالنول  الفمعى

باستخدا  هذ  الدئا م انخفات  يمت فا د الااتكاك  ايث تس ت ديم   على طول الخنوط الفمعيمه 

 و (TTIS)  ت ليدالمظا  المن  على التكس ف د ئ د انه واد   يمته فى الحالا  الا م ئ

 

 الما يه ئ الم  الح لى ، بالمموب ال ومس للبحوا ، الد س ، الجيبة ، مصمو و   س التلا ا  1

 و   س التمبه ئالمبا  ئالمظس البااعيه ،  امتن  موب اليمو ، الولايا  المتحد  الامميكيهو2

   س الهمدسن البااعيه، ولين البااعن،  امتن عين شمس ، ال اهمة ، مصمو و3


