
Simulation of local head loss of drip-irrigation tape with integrated  
in-line emitters as a function of cross section

Yalin Wang (Wang, YL)1, Xueliang Ju (Ju, XL)2, Shijiang Zhu (Zhu, SJ)1 and Meng Li (Li, M)3

1 College of Hydraulic & Environmental Engineering, China Three Gorges University, Hubei Yichang, China   2 Key Laboratory of Environmental  
Protection of State Grid Corporation of China, State Grid Shaanxi Electric Power Research Institute, Xi’an 710054, China   3 College of Biological & 

Pharmaceutical Sciences, China Three Gorges University, Hubei Yichang, China

Abstract
Aim of study: To investigate how the cross section of a drip-irrigation tape affects local head loss.
Area of study: The work was carried out in the laboratory of Irrigation hydraulics, College of Water Conservancy and Environment, 

Three Gorges University, Yichang, Hubei province.
Material and methods: Tapes with six different wall thicknesses were studied experimentally to determine the relationship between 

cross-section deformation, wall thickness, and pressure. Based on the experimental results, we determined the factors that influence local 
head loss in drip-irrigation tapes by numerical simulation and dimensional analysis.

Main results: The cross-sectional shape of the drip-irrigation tape varied with pressure: under low pressure, the cross section was nearly 
elliptical. The cross-sectional shape of the tape strongly influenced the local head loss, which was inversely proportional to the 0.867th 
power of the flattening coefficient of the drip irrigation tape. We expressed the local head loss of a drip-irrigation tape equipped with inte-
grated in-line emitters by considering the deformation of the cross section. Under the conditions used in this study, when the cross section is 
circular, the ratio of local head loss to frictional head loss was about 10% but, when the cross section is elliptical, this ratio increased to 15%.

Research highlights: The shape of the cross section of a drip-irrigation tape is nearly elliptical under low pressure. Local head loss is 
inversely proportional to the 0.867th power of that is the flatting coefficient of the drip-irrigation tape. Local head loss is about 1.5 times for 
elliptical tape than circular tape.
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Introduction
In the field of micro-irrigation, the widely used 

technique of low-pressure drip irrigation is highly effi-
cient and saves energy. This technique is often implemen-
ted by using drip-irrigation tapes, which have thin walls. 
When transporting water at low pressure, the cross section 
of these tapes is often noncircular, and this deformation 
can affect the resistance to water flow. Therefore, to study 
the local head loss of emitters, we should consider how 

the deformation of the cross section of a drip-irrigation 
tape affects the performance of these tapes. Conventio-
nal trickle lateral head loss calculations are mostly based 
on the assumption of fixed circular lateral cross sections, 
which often prevents such methods of calculation from 
reflecting the real situation.

In recent years, numerous studies have focused on the 
head loss of various types of drip-irrigation pipes and 
drip-irrigation tapes (Bagarello et al., 1997; Ferro, 1997; 
Provenzano & Pumo, 2004; Valiantzas, 2005; Demir  

mailto:1007326998%40qq.com?subject=
https://doi.org/10.5424/sjar/2020184-15767
https://doi.org/10.5424/sjar/2020184-15767


2 Yalin Wang, Xueliang Ju, Shijiang Zhu and Meng Li

Spanish Journal of Agricultural Research December 2020 • Volume 18 • Issue 4 • e0210

et al., 2007; Ravindra et al., 2008; Yildirim, 2010; 
Tahir et al., 2021). The study of head loss in drip-irriga-
tion tapes generally assumes a fixed circular lateral cross 
section, without considering how modifications to this 
shape affect head loss (Neto et al., 2009). Exceptions 
to this trend include the work of Neto et al. (2014) and 
Provenzano et al. (2016), who studied the frictional head 
loss of soft, round, polyethylene pipe and considered how, 
when transporting water under high pressure, the cross 
section of the pipe affects the frictional head loss. Howe-
ver, these works do not explain the local head loss for 
pipes with elliptical cross sections. Due to the irregulari-
ty of the cross-sectional shape, the relationship between 
these deformations and local head loss is very complica-
ted, which makes the study of the local head loss as a 
function of cross-sectional shape very challenging. One 
approach to the problem consists of numerical and dimen-
sional analyses, which are widely used to study pipeline 
hydraulics (Demir et al., 2007; Provenzano et al., 2007; 
Yildirim, 2010; Wang et al., 2018). Therefore, these two 
methods are used herein to study the local head loss of 
drip-irrigation tapes with varying cross section.

Based on experiments and numerical analysis of six 
different drip-irrigation tapes, the factors (including 
cross-section deformation) influencing local head loss are 
elucidated for drip-irrigation tapes with integrated in-line 
emitters. The local head loss of a drip-irrigation tape is 
numerically calculated for two conditions (circular and 
non-circular), and the results are compared experimental 
results to verify the accuracy and rationality of the hy-
draulic calculations.

Material and methods
Experimental setup

The experimental apparatus consisted of a wa-
ter-supply device, pump, variable-frequency voltage re-
gulator, drip-irrigation tape, pressure gauge, electronic 
scale, and electronic vernier calipers. The water tank was 
continuously supplied by an external water source. To 
ensure uniform discharge over the entire drip-irrigation 
tape, the emitters were sealed by viscose, as shown in Fig. 
1. Six common commercial drip-irrigation tapes were 
used and were measured with an accuracy of 0.01 mm by 
using electronic calipers. These dimensions are listed in 
Table 1. The tapes had two forms: one was an inlaid-chip 
type with flaky in-line emitters, which accounts for five 
of the emitters studied herein, and the other (B4) was an 
inlaid-belt type with banded in-line emitters.

The inlet and outlet pressures of the drip-irrigation 
tape were measured with an accuracy of 0.1 kPa by using 
a pressure gauge. The lateral flow, which was calculated 
by using weighting methods, was controlled by adjusting 

the end valve. For discharge measurements, the vernier 
calipers were used to measure the horizontal and vertical 
diameters of the drip-irrigation tape to detect changes in 
the cross-sectional shape due to pressure variations. Ba-
sed on the flow discharge, we calculated lateral flow velo-
city by using an electronic scale with an accuracy of 1 g. 
The water temperature was measured with an accuracy 
of 0.1 °C; the temperature range was 10.0~15.6 °C. Af-
ter the tests, the data were divided into two groups: one 
group was used to verify the numerical simulation, and 
the other group was used to verify the analytical analysis 
(see below).

Numerical simulation and geometric model

The measured lateral discharge was taken as the ini-
tial inlet velocity. The lateral outlet was open to free flow 
into the ambient air. The simulation results varied by less 
than 1% when the number of grids in the numerical cal-
culation exceeds 3.0 × 105. Thus, 3.0 × 105 grids satis-
fied the requirement that the results be independent of 
the number of grids. The final number of grids was 3.25-
4.85×105 because we used a hybrid grid. The quality and 
momentum-conservation equations were available in the 
literature (Wang, 2016). Diffusion and convective terms 
are separated by using a central difference scheme and a 
second-order upwind scheme, respectively. The coupling 
calculation for velocity and pressure was based on the 
SIMPLEC algorithm. The no slip boundary condition was 
imposed on the lateral wall, and the flow near the lateral 
wall was simulated by using the standard wall function 
method. The Reynolds number was usually 104 at the late-
rals and the maximum Reynolds number at the lateral was 
7.68 × 104 in this work, which is less than the smooth tur-
bulence flow range of 105. The entire lateral flow evolved 

Figure 1. Sketch of experimental apparatus. 1, Pump. 2, Water 
tank. 3, Suction pipe. 4, Return pipe. 5, Valve. 6, Variable-fre-
quency regulator. 7, Computer. 8, Manometer. 9, Return tank. 
10, Drip-irrigation tape. 11, Blocked emitter.
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in the laminar, transition, and smooth turbulence flow 
zone. In addition, the transition flow zone was very small, 
so the transition flow was incorporated into the smooth 
turbulence zone. The laminar flow was not affected by the 
rough wall. Because of coverage by the viscous bottom 
layer, the turbulent core flow had no direct contact with 
the wall underneath the smooth turbulence flow, so the 
entire lateral flow was unaffected by the wall roughness. 
Thus, in the simulation settings, the parameter Roughness 
Height was set to zero because the surface of the lateral 
wall was uniform and flat, and the Roughness Constant 
was set to 0.5. Thus, the wall conditions in the simulation 
should reflect the experimental situation. Fig. 2 shows the 
grid and solid model.

The cross-sectional shape of a drip-irrigation tape 
changes as a function of pressure. Fig. 3 shows cross-sec-
tional shapes of drip-irrigation tapes that correspond to 
different working conditions. The dimensions of the 
cross section are the horizontal inner diameter Da and 
the vertical inner diameter Db. For high pressure, the 
cross section of the drip-irrigation tape is approximately 
circular, as shown in Figs. 3d and 3e. For lower pressu-

re, the cross section gradually changes to elliptical with 
flattening coefficient   b aD D =   that increases as the 
pressure decreases.

The outer diameter of the simulated drip-irrigation ta-
pes were set to 12, 16, and 20 mm. We chose two common 
types of tapes: the inlaid-chip type and inlaid-belt type. 
The wall thickness range was 0.11 to 0.83 mm. For the 
length, thickness, and width of the emitters, we used 20, 
33, 47, and 60 mm, 0.5, 1.3, 2.2, and 3 mm, and 3, 4.7, 
6.3, and 8 mm, respectively. The emitters were separa-
ted by 0.3 m and the drip-irrigation tape was 5 m long. 
A total of 18 drip-irrigation tapes were set up at 20 and 
30 °C, of which nine had circular cross sections and nine 
had elliptical cross sections. The ratio of vertical diame-
ter to horizontal diameter was 0.28–0.7. Table 2 lists the 
cross-sectional dimensions of the drip-irrigation tapes.

Dimensional analysis and mathematical model

Dimensional analysis is commonly used in theoretical 
research and in hydraulics, especially to study complex 

Figure 2. Mesh (left) and solid model (right).

Figure 3. Cross-sectional shapes of drip-irrigation tape.

Serial No. Wall thickness 
[mm]

Outside diameter 
[mm]

Emitter spacing 
[m]

Emitter length 
[mm]

Emitter width 
[mm]

Emitter thickness 
[mm]

B1 0.47 16 0.3 33.6 6.1 2.5

B2 0.20 16 0.3 33.4 6.9 2.9

B3 0.23 16 0.3 8.5 5.9 2.8

B4 0.11 16 - - - -

B5 0.21 16 0.3 33.5 6.1 3.0

B6 0.83 16 0.3 33.5 6.0 2.8

Table 1. Dimensions of experimental drip irrigation tapes
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factors, because it not only strengthens the theoretical 
results, but also reduces the research workload. Given 
that the factors affecting local head loss in drip irriga-
tion tape are diverse and complex, we used dimensional 
analysis to derive a structural relationship for local head 
loss in drip-irrigation tape. According to experimental 
results, the local head loss hj of drip-irrigation tape is 
a function of the emitter length El, emitter width Eh, 
and emitter thickness Eb, the cross-sectional major and 
minor axes Da and Db, respectively, and the velocity v, 
acceleration g due to gravity, and water-flow viscosity 
coefficient   :

( ), , , , , , ,j l h b a bh E E E D D v gϕ υ=                   (1)

where SI units are used for all variables. According to 
the principle of dimensional analysis, we first found a 
number of fundamental physical quantities, and then 
constructed a dimensionless ratio by using the remaining 
physical quantities and the desired fundamental physical 
quantity:

1 2

n m
a b r

m

x
x x x

π −=
                             (2)

where, x1, x2, …, xm are the fundamental physical quanti-
ties in the physical process, a, b, …, r are the indexes of 

the fundamental physical quantities, n is the number of 
physical quantities contained in the physical process, and 
m is the number of fundamental physical quantities. In 
this paper, the horizontal diameter Da and the flow velo-
city v were taken as the fundamental physical quantities. 
The remaining seven physical quantities and two funda-
mental physical quantities form the seven dimensionless 
π quantities shown in Table 3:

Substituting the dimensionless quantities of Table 3 
into Eq. (1) gives

2, , , , ,j l h b b a

a a a a a a

h E E E D gD
D D D D D v D v

υϕ
 

=  
 

                    (3)

where hj/Da is the lateral head loss, El/Da, Eh/Da and Eb/
Da are the emitter dimensions, Db/Da is the lateral cross 
section, gDa/v2 is the Froude number and  /Dav is the Rey-
nolds number.

Results 
Analysis of deformation of drip irrigation

Consider a linear cross section for the drip-irriga-
tion tapes (i.e., the tape is collapsed), so no water flows 
through the tape, and the upper and lower pipe wall are 

Serial No.
Outside 
diameter 

[mm]

Horizontal 
diameter 

[mm]

Vertical  
diameter [mm]

Serial  
number

Outside 
diameter 

[mm]

Horizontal 
diameter 

[mm]

Vertical  
diameter 

[mm]
Z1 16 15.6 15.6 Z10 20 19.2 19.2

Z2 16 17.1 13.0 Z11 20 21.0 16.0

Z3 16 21.1 6.0 Z12 20 25.6 8.0

Z4 16 15.6 15.6 Z13 12 11.8 11.8

Z5 16 17.1 13.0 Z14 12 12.8 10.0

Z6 16 21.1 6.0 Z15 12 14.0 8.0

Z7 20 19.2 19.2 Z16 12 11.8 11.8

Z8 20 21.0 16.0 Z17 12 12.8 10.0

Z9 20 25.6 8.0 Z18 12 14.0 8.0

Table 2. Simulated drip irrigation tapes cross-section size

Pi term Π1 Π2 Π3 Π4 Π5 Π6 Π7

Expression

Table 3. Nondimensional terms of local head loss.
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in contact with each other. When water flows through the 
tape, the upper and lower walls separate, and the cross 
section changes with water pressure. At low pressure, the 
tape does not fully expand, so the cross-sectional shape 
is a “flat” ellipse. Upon increasing the pressure, the cross 
section becomes more circular. In this paper, we used α 
as the flattening coefficient to quantify the flatness of the 
drip-irrigation tape. The expression for α is 

b

a

D
D

α =                                      (4)

where Db (Da) is the vertical (horizontal) inner diameter 
of the drip-irrigation tape. A smaller (larger) α means that 
the drip-irrigation tape is flatter (rounder). The range of 
α is 0≤α≤1. The cross section corresponding to α = 0.9 is 
taken as the critical cross section between oval and cir-

cular; that is, the critical point where the cross-sectional 
shape changes qualitatively. The pressure corresponding 
to the critical cross section is called the critical pressure. 
For 0≤α≤0.9, the cross-sectional shape was nearly ellipti-
cal, and for 0.9≤α≤1, the cross-sectional shape was circu-
lar. Fig. 4 shows the flattening coefficient as a function of 
pressure for the six drip-irrigation tapes listed in Table 1.

Fig. 4 shows that the flattening coefficient increases 
with pressure for the six drip-irrigation tapes given in 
Table 1. The increase is rapid at low pressure, which 
indicates that the cross-sectional shape of the drip irri-
gation tape changes significantly in this range. When 
the pressure reaches the critical pressure, the increase 
becomes less rapid, indicating that the cross-sectional 
shape stabilizes. As the pressure increases further, the 
cross-sectional shape remains relatively constant as a 
function of pressure. The critical pressure for the various 
tapes is given in Table 4.

Numerical simulation and verification

To verify the reliability of the numerical model for the 
regimes of both circular and elliptical cross sections, the 
simulated results of the two numerical tapes were compa-
red with the measured results. Tape B4 had the thinnest 
walls of the six experimental drip-irrigation tapes, so the 
cross-section of tape B4 under weak pressure expanded 
to round, and the measured results of B4 were used to 
verify the simulation results for a tape with circular cross 

Drip-irrigation tape Wall thickness 
[mm]

Critical pressure 
[m]

B1 0.47 2.70

B2 0.20 1.60

B3 0.23 2.20

B4 0.11 0.25

B5 0.21 0.70

B6 0.84 -

Table 4. Critical pressure for various tapes.

Figure 4. Flattening coefficient as a function of pressure for the six drip-irrigation tapes given in Table 1.
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section. Tape B6 had the thickest walls so, even for lar-
ger pressure, the cross section remained flat. Thus, B6 
was used to verify the simulation results for a tape with 
near-elliptical cross section. The remaining four sets of 
measured results were used to verify the fit.

Fig. 5 shows the simulated head loss as a function 
of measured head loss for tapes B4 and B6. The unity 
slope of these results indicates that the simulated head 
loss was consistent with the measured result. The avera-
ge deviation between the measured and simulated results 
for tape B4 (B6) was 4.3% (8.5%). The larger average 
deviation for tape B6 is mainly attributed to the fact that 
tape B4 was circular, so the cross section varied only 
slightly (i.e., over a relatively small range of flattening 
coefficient), and the simulated size of the tape was the-
refore always close to the actual size. The cross section 
of tape B6 was elliptical, so the measured cross section 
of tape B6 could vary more (i.e., over a larger range of 
flattening coefficient). For tape B6, the measured head 
loss was slightly greater than the simulated head loss. 
The relative average deviation was satisfactory, so the 
simulation results are considered to accurately reflect 
the measured results.

Analysis of local head loss in drip irrigation

The numerical simulation of local head loss accurate-
ly reflects the measured local head loss in drip-irrigation 
tape. Therefore, we used the simulation results shown in 
Fig. 6 to analyze the drip-irrigation tape with 18 different 
cross sections. Fig. 6 shows the simulated local head loss 
as a function of water-flow velocity for 18 drip-irrigation 
tapes. The arguments of Eq. (3) were logarithmically pro-
cessed, and the simulation results were linearly regressed 
to obtain the following expression of local head loss of 
drip-irrigation tapes:

0.488 1.23 1.12 0.867 0.0430.874

28.24j l h b b a

a a a a a a

h E E E D gD
D D D D D v D v

υ
− −          =           

          
    (5)

The correlation coefficient R2 = 0.92. Table 5 lists the 
results of the regression analysis, which show that the 
Reynolds number in the 0.05 confidence interval fell wi-
thin a probability of 0.58, so the impact of the Reynolds 
number on local head loss was not significant. The pro-
babilities for the remaining factors were less than 0.01, 
so these factors were significant. Thus, the local head 
loss of drip-irrigation tape was related mainly to the 

Figure 5. Simulated head loss plotted vs measured head loss for drip-irrigation tapes B4 and B6. 

Figure  6. Simulated local head loss as a function of water-flow velocity for 18 drip-irrigation tapes.
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shape of the emitter and the lateral diameter of the tape 
cross section.

We thus simplified Eq. (5), and using 9.8 m/s2 for the 
acceleration due to gravity and a water-flow viscosity co-
efficient (for water at 20 °C) of 1.01×10−6, obtained

0.488 1.23 1.12 1.888 0.867 1.70.619j l h b a bh E E E D D v− −=            (6)

The lateral local head loss was related not only to the 
size of the emitter, but also to the lateral diameter and 
water-flow velocity. For a round cross section, the hori-
zontal diameter equalled the vertical diameter (Da = Db), 
in which case we obtained

0.488 1.23 1.12 2.755 1.70.619j l h bh E E E D v−=               (7)

where D is the diameter of the cross section.
To verify the accuracy of Eq. (6), we used it to cal-

culate the local head loss for tapes B1, B2, B3, and B5 
for both circular and elliptical cross sections. Under low 
pressure, the cross sections of these four drip-irrigation 
tapes were elliptical and their dimensions were compa-
red against the simulation results for the near-elliptical 
condition. Under non-low-pressure conditions, the cross 
sections of the four drip-irrigation tapes were circular, so 
their dimensions were compared against the simulation 
results for circular tapes. Fig. 7 plots the simulation re-
sults for head loss versus the measured head loss. These 
results show that the simulation results for the four groups 
of drip-irrigation tape were consistent with the measured 
results. The average relative deviation for drip-irrigation 
tapes B1, B2, B3 and B5 was 8.3% 11.3%, 9.1% and 
6.7%, respectively, and the overall average relative devia-
tion of the four groups was about 10%.

Fig. 8 is the same as Fig. 7, but for the near-elliptical 
cross section. Again, the simulation results reflected the 
measured trend of local head loss of drip irrigation tapes, 
although a certain systematic deviation appeared, in par-
ticular for B3 and B5. The simulated head loss for B1 and 
B2 was consistent with the measured head loss (average 
relative deviations were 3.4% and 7.8%, respectively). 
The average relative deviation between the two was less 

than 10%. A larger average relative deviation was evident 
for tapes B3 and B5: 25.2% and 23.6%, respectively, and 
the average relative deviation between the two exceeded 
20%.

Thus, for circular drip-irrigation tape, the simulated 
total head loss was consistent with measurements. For 
near-elliptical drip-irrigation tape, the simulated total 
head loss partially deviated from measurements, so the 
average relative deviation between the simulated and me-
asured results was larger than for a circular drip-irrigation 
tape. This result is attributed to the cross section of the 
near-elliptical drip irrigation tape, which was approxima-
ted as elliptical, although its real shape was certainly irre-
gular rather than elliptical. In some cases, this approxima-
tion assumes deviations from the actual shape of the cross 
section of the drip-irrigation tape, resulting in a greater 
deviation from the measured value. However, because the 
total average relative deviation of the four types of drip 
irrigation tape was 15%, we consider that the local head 
loss of each drip irrigation tape was satisfactorily approxi-
mated by Eq. (6).

To analyze the distribution of pressure and velocity in 
the drip-irrigation tape, we monitored the transverse and 
longitudinal sections of an emitter. The mechanism of the 
entire emitter was explored by monitoring the velocity and 
pressure distributions of the cross section. Fig. 9a shows 
a small inlet flow disturbance and a large export distur-
bance. The strongest disturbance upstream of the emitter 
was located in the area adjacent to the front end of the 
emitter. At the bottom of the lateral in this area appeared 
a large zone where the velocity was reduced in magnitude 
but not in direction, so the flow remained along the lateral 
direction. The strongest perturbation downstream of the 
emitter was near the end of the emitter. As can be seen 
from Fig. 9, the bottom of the lateral in this area was also 
a zone of low velocity, but the velocity was also negative, 
indicating that the downstream emitter caused reflux and 
a whirlpool. The range of the emitter head disturbance 
was small, whereas that of the end disturbance was large. 
The first section upstream of the emitter changed and the 
velocity distribution changed to the low-velocity regime. 
At the second section, however, the velocity distribution 

Pi terms Exponent Standard deviation t test p

Constant 2.11 0.73 2.89 <0.01

El/ Da 0.49 0.02 24.28 <0.01

Eh/ Da 1.23 0.10 12.21 <0.01

Eb/ Da 1.12 0.21 5.38 <0.01

Db/ Da −0.87 0.10 −8.32 <0.01

gDa/v2 −0.87 0.04 −21.61 <0.01

υ/Dav 0.04 0.08 0.55 0.58

Table 5. Results of multiple regression analysis for local head loss.
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Figure 8. Estimated head loss as a function of measured head loss for drip-irrigation tape with 
elliptical cross section.

Figure 7. Estimated head loss as a function of measured head loss for drip-irrigation tape with round 
cross section.
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returned to the axially symmetric distribution. At the first 
section downstream of the emitter, the velocity distribu-
tion changed to the low-velocity recirculation zone. The 
low-velocity zone continued to develop in the direction 
of the water flow. At the seventh section, the velocity 
distribution had not been restored to the axially symme-
tric distribution. The velocity distribution at the emitter 
was adjusted mainly downstream of the emitter. Fig. 9b 
shows that the low-pressure zone near the emitter occu-
rred mainly in the top region of the tip of the emitter and 
in the tail region of the tip of the emitter, both of which 
were downstream of the cross-section deformation.

Case study

Given the expression (6) of the local head loss, we si-
mulated a 60-m-long B1 φ16 drip-irrigation tape with in-
tegrated in-line emitters and calculate the local head loss 
in an actual engineering case study. The local head loss 
of the drip-irrigation tape was calculated separately for 
a round cross section and an elliptical cross section with 
flattening coefficient α = 0.76. We assumed uniform dis-
charge from each emitter, and each emitter was numbered 
consecutively starting from the end of the drip-irrigation 
tape. The discharge was calculated from the end of the 

drip-irrigation tape by using the step-by-step method. In 
addition, the Reynolds number was calculated from the 
discharge. Reynolds numbers below 2000 corresponded 
to laminar flow, from 2000 to 3000 they corresponded to a 
transition from laminar to turbulent, and above 3000 they 
corresponded to turbulent flow. The friction head loss 
was calculated by using the Darcy-Weisbach formula, the 
Hagen formula, and the Blasius formula, and the head-
loss coefficient for the transition section was fixed at 0.04 
(Provenzano et al., 2005; Palau-Salvador et al., 2006; Zi-
tterell et al., 2014). The local head loss of the laminar-, 
transitional-, and turbulent-flow sections was calculated 
by using Eq. (6). In each section, friction head loss and 
local head loss were summed to obtain total head loss, and 
emitter discharge was set at 1, 2, and 4 L/h. The results 
appear in Table 6.

Table 6 showed that the local head loss and friction 
head loss of the drip-irrigation tapes varied as a function 
of cross-sectional shape. When the drip-irrigation tape 
had a flat cross section, the friction head loss and the local 
head loss were greater than when the tape had a circular 
cross section. The friction head loss increased slightly, 
whereas the local head loss increased by over 50%. The 
ratio of local head loss to friction head loss was 0.11–
0.19 for elliptical tape, which was greater than the ratio 
0.08–0.12 for circular tape. For both circular and elliptical 

(a) (b)
Figure 9. Distribution of velocity (left) and pressure (right) of emitter unit.

Sectional 
shape q[L/h] Re Δh1[m] Δh2[m] Δh [m] Δh1/Δ hj [m] hf [m] hj/hf

Round 1 22-4479 0.025 0.223 0.248 0.103 0.018 0.23 0.08

2 45-8958 0.013 0.856 0.869 0.015 0.079 0.79 0.10

4 90-17916 0.007 2.950 2.957 0.002 0.317 2.64 0.12

Oval 1 20-4084 0.027 0.246 0.273 0.100 0.026 0.25 0.11

2 41-8169 0.014 0.967 0.980 0.014 0.131 0.85 0.15

4 81-16339 0.007 3.384 3.391 0.002 0.553 2.84 0.19

Table 6. Comparative analysis of head loss under different emitter flow in round drip irrigation tape and oval drip irrigation tape with 
a flatting coefficient α = 0.76.
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cross sections and for laminar flow, the total head loss 
decreased with increasing emitter discharge. For turbulent 
flow, the total head loss increased strongly with increasing 
emitter discharge. In the design of drip-irrigation tapes, 
the local head loss was usually estimated to be 10% to 
20% of the friction head loss. According to the results 
presented in Table 5, when the flow pressure gives a cir-
cular cross section, the ratio of local head loss to friction 
head loss was about 10%, but when the cross section was 
elliptical, the ratio of local head loss to friction head loss 
fell between 10% and 20%, so we used a median value of 
15% to estimate this ratio.

Discussion
In the past, the local head loss at an emitter was calcu-

lated most often by assuming a circular pipe or a circular 
cross section. In this work, for low pressure, the cross sec-
tion of the drip-irrigation tape was measured and found to 
be noncircular. The relationship between the local head 
loss and the shape of the cross section of the drip-irriga-
tion tape was obtained by measuring the local head loss 
for tapes with differing cross-sectional shapes. According 
to Eqs. (1) and (5), the local head loss of the emitter was 
inversely proportional to 0.867α, where α is the flattening 
coefficient of the drip-irrigation tape. In other words, the 
flatter was the drip-irrigation tape, the larger was the local 
head loss (assuming other parameters were held constant). 
According to the results presented in Table 5, deforming 
the drip-irrigation tape strongly affects the local head loss 
of the emitter, which indicates that the effect on local head 
loss of the cross-sectional shape of drip-irrigation tape 
cannot be neglected. 

This result is inconsistent with the results of previous 
studies on local head loss of drip-irrigation tape (Von Ber-
nuth, 1990; Bagarello et al., 1997; Provenzano & Pumo, 
2004; Demir et al., 2007). The reason that deformation 
of the tape cross section affects local head loss in the pre-
sent study is that we consider low pressure, which means 
that some lateral flow occurs in the laminar regime. Most 
other studies satisfy the requirements of turbulent flow, 
so the calculations consider higher pressure and there-
fore give different results. The present results indicate 
that low-pressure and non-low-pressure conditions must 
be treated differently when calculating the head loss of 
drip-irrigation tape because these conditions lead to 
near-elliptical cross sections and circular cross sections, 
respectively. Given low-pressure conditions, the tape as-
sumes a near-elliptical cross section, so the calculation 
must account for how deformation of the drip-irrigation 
tape affects the local head loss. In this case, the calcula-
tion given herein was appropriate, or it may be improved 
by including the proportion of local head loss calculated 
for a circular tape. According to the results presented he-

rein, the local head loss for a near-elliptical cross section 
was about 50% more than that of a circular cross sec-
tion. Therefore, given a near-elliptical cross section for a 
drip-irrigation tape, the local head loss should be increa-
sed by about 50%.

A positive correlation exists between local head loss 
and the size of the emitter in drip-irrigation tape: the emit-
ter thickness had the strongest effect on local head loss, 
followed by the width and then by the length. This corre-
lation indicates that the local head loss was mainly cau-
sed by the shape of the emitter whereas the length of the 
emitter had negligible impact. In addition, local head loss 
in drip-irrigation tape correlated negatively with the late-
ral cross section: it decreased with increasing lateral cross 
section of the drip-irrigation tape. The horizontal diame-
ter of the drip-irrigation tape strongly influenced the local 
head loss, which indicates that the local head loss was 
more susceptible to the horizontal diameter. This result 
may be due to the greater emitter width, so that the change 
in the shape of the cross section caused by a change in the 
horizontal diameter of the drip-irrigation tape would be 
more noticeable, leading to a greater local head loss.

The inertia of the water caused the water flow to se-
parate from the side wall when the lateral cross-sectional 
shape changed abruptly, which leads to negative pressu-
re, and secondary flow occurred due to a lateral pressu-
re difference. Numerous whirlpools appeared, violently 
mixing the water and converting mechanical energy into 
thermal energy. The energy input in the main stream quic-
kly replenished the energy consumed by the vortex zone, 
and the energy transfer reached a dynamic equilibrium. 
Thus, the vortex movement, energy consumption, and lo-
cal head loss continued to occur. When the drip-irrigation 
tape was flat, its cross-sectional area decreased, whereas 
the size of the emitter cross section was constant. Thus, 
the ratio of the area of the emitter to the area of the cross 
section increased, which is equivalent to increasing the 
size of the emitter and leads to an increase in the local 
head loss. Therefore, the local head loss for a flat drip-irri-
gation tape was greater than that for a drip-irrigation tape 
with circular cross section.

In conclusion, under low-pressure conditions, the 
non-circular cross section of the drip-irrigation tape can 
be calculated by using the elliptic approximation. The 
cross-sectional shape of the tape approaches a circle for 
thicker tape walls and for greater pressure. Although the 
simulated local head loss is slightly less than the measu-
red local head loss, the relative deviations remain within 
an allowable range, so that the numerical simulation may 
be used to describe the real situation. The cross-sectional 
shape of the drip-irrigation tape clearly affects the local 
head loss of the drip-irrigation tape. When the drip-irriga-
tion tape is flat, the local head loss in the tape is inversely 
proportional to 0.867th power of α, where α is the flat-
ting coefficient of the drip-irrigation tape. For an actual 
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project, the low-pressure and non-low-pressure regimes 
must be treated separately to calculate the head loss of the 
drip-irrigation tape. For low pressure and a non-circular 
cross section of the drip-irrigation tape, the effect on head 
loss of cross-section deformation may be analyzed based 
on the examples given herein or by augmenting the results 
for a circular cross section by 50%. The experimental re-
sults show that some limitations apply regarding the type 
of drip-irrigation tape being analyzed. In addition, the 
conclusions above are based on the analysis of a drip-irri-
gation tape with integrated in-line emitters. Therefore, the 
precise calculation and microcosmic mechanism of the 
local head loss as a function of the precise cross section of 
a drip-irrigation tape remains to be done.
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