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Abstract: Shortage of water resources has become a
serious problem of the world. With the growing
increasingly reduction of water and energy resources, the
agricultural irrigation method of water-saving and energy-
saving should be adopted. In developed countries,
control and monitoring of agricultural water-saving
irrigation products are mostly dependent on computer
technology, which need an external power source, and
the price of the whole irrigation system is very expensive.
So, it is not suitable to remote forest areas in China. In
this paper, a new type of water-saving valve was
introduced and is characterized by high automation, low
costs and is capable of controlling without power supply.
In order to make the valve to be used better in
agricultural irrigation, experiments on  moisture
transmission rate between humidity sensitive materials
and the external environment were conducted. And the
results showed that the control unit of the valve could
realize the irrigation automatically and timely according to
the transmission rate between humidity sensitive material
and the external environment, which would provide
theoretical and experimental basis for the accurate
control of the valve. It would play an important role for
expanding agricultural water-saving irrigation and
accelerating the speed of rational use of water resources.

Keywords: Water-saving valve; Humidity sensitive
material; Transmission rate; Agricultural irrigation; Water
Crisis

INTRODUCTION

Water is the most important limited resources among
all the natural resources, thus it should be tapped and
utilized rationally. China accounts for only 9% of arable
land resources in the world, and even a less percent of
6% of world’s water resources. At the same time, half of
more than 600 cities in China are deficient in water
resources. What's more, the distribution of water
resources in China is not even. For example, North China
and Northeast account for 40% of national population
with only about 5% of national water resources, and the
25% fresh water resources in North China is from South
China. At present, the water supply is only 6180 billion
cubic meters in China [9], while it is estimated that water
demand will amount to 8180 billion cubic meters by 2030.
In addition, China is an agricultural country and 40%
arable land needs irrigation [10]. Therefore, agricultural
water-saving and energy-efficient irrigation has become
an irresistible trend to relief the water resource crisis and
realize agricultural modernization.

In recent years, agricultural water-saving irrigation
equipment in the world still faces many problems in spite
of certain development. In China, the automation level of
water-saving irrigation equipment especially in remote
areas is so poor that they are generally controlled
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manually by installing all kinds of valves. Currently,
micro-irrigation equipment is only applied to such cash
crops as fruits and vegetables, and still needs
development for field crops, while foreign equipment with
a high overall level, whose automatic control system are
realized mostly by using computers, sensors and remote
sensing and telemetry and etc. [7], which means a high
cost beyond the reach of most farmers or foresters in
China. In the early 1940s, L. A. Richards, the Doctor of
Cornell University in the USA, invented a tension meter
measuring the flow of water. Although it could replace the
dripper in drip irrigation and realize the control without
power supply, it also had disadvantages caused by its
complex structure, high cost and low sensitivity [6]. In
1980s, L.Ornstein, the professor of Washington State
University developed a kind of intelligent water-saving
valve named Irristat, which could meet the requirement of
being cost-effective, energy-saving and of high
automation without power supply. However, the
inappropriate structure of Irristat made the installation
and monitor difficult to be conducted during the irrigation
process, thus it was unfit for promotion [8]. Currently,
such a water-saving irrigation equipment characterized
by low cost, energy efficiency, high automation is
urgent needed in China [1].

A new type of intelligent water-saving valve without
power supply had been developed since 2006 by the
research team of Beijing Forestry University in China. It
was characterized by high automation, low costs and
no electronic control. As the core of the water-saving
valve, control unit could employ the feature of water
swelling and drying shrinkage of the humidity sensitive
materials to open or close the inlet port to guide the
irrigation. Whether to open or close the valve in time laid
in timely moisture exchange between the humidity
sensitive materials and soil around. Therefore, mastering
the exchange rate and law between humidity sensitive
materials and external environment in control unit, is of
great importance to make the valve to be used better in
irrigation and production.

The structure of the new type valve was shown in
figure 1. The water inlet port 11 and outlet port 10 were
connected at the very start. After the valve was inserted
into the soil, water from outlet 10 outflowed into the soil,
then penetrated to the control element 3, which meant
humidity sensitive materials had absorbed water and
swelled. Soon spool 7 was moved upward under the
thrust caused by material expansion. Water would no
longer flow into the valve when the inlet 11 was
completely blocked by the conical nose of the spool 7,
and then the irrigation stopped. After that, the moisture in
the soil would gradually decrease with the absorption and
evaporation of plants, and the moisture in the control unit
3 also would reduce because of the dehydration of
material. When the material volume shrank, spool 7
would move back under the action of the back-moving
spring 9, inlet 11 was gradually opened, and water flowed
out again from the outlet 10 to soil. In addition, the
amount of water required from plants could be controlled
through the adjusting screw 1 at the rear of the valve to
meet multiple needs of water for various plants in
different seasons and soils, and therefore increased
yields [2-4].
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1.Adjusting screw
2. Base support
3. Control unit

8. O-Ring 9. Back-moving spring
10. Water outlet port 11. Water inlet port
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(humidity material )

4. Spring seat
5. Buffer spring
6. Valve body
7. Spool
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Fig.1- The structure of the intelligent water-saving valve

MATERIALS AND METHODS
Purpose of the experiment

The following experiments were designed to measure
the moisture transmitting rate between humidity sensitive
materials and the external environment. It has mainly
studied the transmission rate between moisture and
external environment at different ratio of humidity
sensitive materials and different distances between the
dripper and valve body. The experiment focused on the
time to close the valve and to open it again at the above
conditions.

Rate conversion of the experiment

The common way to get moisture transmission rate
was to calculate the relationship between time and soil
moisture content by using soil moisture sensor and data
collector, and then obtain the result through data
analysis. However, the requirement of connection
between soil moisture sensor and computer made the
whole system heavy and hard to operate, and the circuit
was complex with limited application (shown in the figure
2, part A). So the common way was unfeasible upon all
these conditions. A new way(shown in figure 2, part B)
was adopted to convert the moisture transmitting rate
between humidity sensitive materials and external
environment to the rising rate of the valve’s spool, which
could also be converted to the relationship between the
time and the distances (from the dripper to valve body,
named C in figure2, part B). So the moisture transmitting
rate would be obtained by calculating the relationship
between distances and time measured from opening the
dripper to closing the corresponding valve.
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Note: A. Common method of measuring system; B. A new way to get transmission rate; C. Distance between Valve body and Drippers

Fig. 2- Common and new method of measuring transmission rate

31



Vol.43, No.2 / 2014

Summary of the experimental field

The experiment was conducted in vehicle internship
center of Beijing Forestry University (located in Haidian
District, Beijing) with the accurate position of 39 degrees
north latitude, 116 degrees east longitude and the altitude
of 20m to 60m. This place has a warm temperate, semi-
humid and semi-arid monsoon climate with an annual
mean temperature of 11~13°C, annual precipitation of
600~700mm and an annual average sunshine time of
2780.2 hours.

Experiment materials

Known from previous researchers, a kind of France
water-retaining agent, named SNF, has
better comprehensive performance of water swelling and
drying shrinkage. It is the copolymerization of acrylamide-
acrylate, which can endure for about four years [11].
Based on early research, the mixture of SNF with the
diameter of 0.5mm and sand with the diameter of 1~2mm
was selected as the control unit in the valve so as to
increase the rate of water absorption and loss [5]. Above
mixed materials which volume ratio was 1:1 and 1:3 were
selected in the following experiments. Total volume was
2ml or 4ml.

Three kinds of soil at Beijing were also involved,
namely sand, loam and clay, with the clearance of sand
being the biggest and of clay being the smallest. The
loam was produced by mixing the sand and clay with the
volume ratio of 1:1.

Experimental methods

Three kinds of soil, three distances, as well as the
different mixture ratio, volume, and inserting depth of the
mixed materials were involved in the experiments. The
whole experiment was divided into 2 categories and 45
groups.

(2)Firstly, let half part of humidity sensitive materials
in the valve exposed to the air.

a) Insert a valve with humidity sensitive materials into
sand soil. The distances between the dripper and valve
body were respectively set to 5cm, 10cm, and 20cm.

b) Mixed materials at ratio of 1:1 and the total volume
2ml or 4ml were respectively put into the control unit of
the valve. When irrigation experiment was starting, time
to close and open the dripper (on the valve body, seen in
the figure 2(B)) again should be observed carefully and
be recorded. Moisture transmission rate could be
calculated through the set distances and recorded time.

c) After that, mixed materials at ratio of 1:3 and the
total volume 2ml or 4ml were put into the control unit.
Data should be recorded as well.

d) According to the step (a-c), conducted the above
experiments in the conditions of clay soil and loam soil in
order, and recorded data.

(2)Then, let the whole mixed materials into soll
isolated from air.

In contrast, experiments in three kinds of soil
respectively at ratio of 1:1 and volume 2ml would be done
in the condition of isolated from air, i.e., the control unit
including humidity sensitive material was totally inserted
into soil. Also observed the time to close and open the
dripper again, and recorded data.
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RESULTS AND DISCUSSIONS ER55T
Overall results of the experiment
P HkiAE R

The results of test (1) and (2) above were shown in S LA 2 T T AR L, AT R T LR

Table 1 and Table 2. Analyses results were mainly reflected

in the figure, shown in the following. BT,
Table 1
Data of test (1) in which half part of the humidity sensitive materials were exposed to the air
Distance
Sl VOWTE gy OB Tpeof  Tmew 7 Tempese Tenpere
No. ratio and soil close/h open/h when closed when opened
valve
/cm

1 1.1 2 5 sand 35 89 11°C 63% 12 °C/53%

2 1:1 2 10 sand 4.5 91 11°C /75% 11°C /52%

3 1:1 2 20 sand 8 109 12°C 176% 13°C 177%
4 11 4 5 sand 3 91 13°C/77%  14°C /89%

5 11 4 10 sand 5 95 14°C/78%  11°C /63%

6 11 4 20 sand 6 101 12°C/65%  12°C /76%

7 13 2 5 sand 4.5 87 11°C/63%  12°C /53%

8 13 2 10 sand 6 885  11°C/75%  11°C /52%

9 13 2 20 sand 9.5 1045  12°C/76%  13°C /77%
10 13 4 5 sand 35 75 13°C/77%  14°C /89%
11 13 4 10 sand 5.5 78 14°C/78%  13°C/77%
12 1:3 4 20 sand 7 92 15°C /189% 15°C /189%
13 11 2 5 clay 6 97 13°C /66% 12°C /76%
14 11 2 10 clay 8 104 12°C /65% 13°C 177%
15 1:1 2 20 clay 10 121 13°C /77% 11°C /63%
16 11 4 5 clay 4.5 101 12°C /65% 13°C /66%
17 1:1 4 10 clay 7 109 12°C /76% 14°C 167%
18 11 4 20 clay 8 131 13°C /66% 13°C /77%
19 1:3 2 5 clay 75 95.5 13°C /66% 12°C I76%
20 1:3 2 10 clay 10 100 12°C /65% 13°C /77%
21 1:3 2 20 clay 12 117 13°C 177% 11°C /63%
22 1:3 4 5 clay 6.5 95 12°C /65% 13°C /66%
23 1:3 4 10 clay 8 107 12°C /76% 14°C 167%
24 1:3 4 20 clay 9.5 129.5  13°C /66% 13°C 177%
25 11 2 5 loam 4 95 11°C /63% 12°C /65%
26 11 2 10 loam 6 100 12°C /165% 12°C /53%
27 1:1 2 20 loam 9 118 11°C /163% 13°C /66%
28 11 4 5 loam 4 95 13°C 177% 13°C 177%
29 11 4 10 loam 6 102 14°C /78% 14°C /78%
30 1:1 4 20 loam 7 115 13°C 177% 15°C /89%
31 13 2 5 loam 6 89 11°C/63%  12°C /65%
32 1:3 2 10 loam 8 94 12°C /65% 12°C /53%
33 13 2 20 loam 10 110 11°C/63%  13°C /66%
34 1:3 4 5 loam 5 78 13°C 177% 13°C 177%
35 13 4 10 loam 7 90 14°C/78%  15°C /89%
36 1:3 4 20 loam 8 112 15°C/89% 16 °C /89%
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Table 2
Experimental data of humidity sensitive materials completely inserted into the soil in the control groups
Distance
between Temperature Temperature
Serial Volume dripper Type of Time to Time to peral peral
. volume/ml . /humidity /humidity
No. ratio and soil close/h open/h h losed h d
valve when close when opene
/cm
1 1:1 2 5 sand 5 92 15°C /78% 15°C /89%
2 11 2 10 sand 6.5 99 16 °C /89% 17 °C /90%
3 1.1 2 20 sand 9 115 15 °C /89% 16 °C /79%
4 1:1 2 5 clay 101 14°C [78% 14°C /78%
5 1:1 2 10 clay 112 15°C /89% 15°C /78%
6 1:1 2 20 clay 12 123 16 °C /89% 16 °C /89%
7 1:1 2 5 loam 7 97 16 °C /89% 16 °C /89%
8 11 2 10 loam 8 110 15°C /78% 17 °C /90%
9 1:1 2 20 loam 10.5 122 17 °C /90% 15°C /78%
The relationship between transmission rate and type of — fEEF S5LEFHEZ FIFIHXF

soil

From the data obtained from the experiment, it could
be known the relationship between type of soil and
moisture transmission rate between humidity sensitive
materials and soils.

Figure 3 and 4 displayed the rising rate and falling
rate of the valve’s spool (that is, the rate of closing and
opening the valve again) at the mixture ratio of 1:1 and
volume 2ml when half of the humidity sensitive materials
were contacted with air. In the figure, X-axis and Y-axis
separately denoted the distance between dripper and
valve body with unit cm and the time (to close and open
the dripper again) with unit hour.

h
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Fig.3- Rising rate of the spool

Seen from the figure 3 and 4, time to close the valve
or open it again in sand soil was shortest while in clay
soil was longest at the same distance between dripper
and valve body, which illustrated that the fastest moisture
transmission rate between humidity sensitive materials
and soils could be found in sand and the slowest in clay.
Same conclusion should be obtained after observing the
data in Table 1 and Table 2 at different type of soil but
with same ratio, volume and area contacted with air.

This phenomenon results from the different clearance
of three types of soils. It was easy to find that the biggest
clearance was in sand and the smallest in clay. So
moisture transmission rate was the fastest in sand, and
moisture could reach into the valve at the fastest speed
and make humidity sensitive materials in valve swell
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quickly. But on the contrary, with transmission rate being
the slowest in clay, humidity sensitive materials swell
slowly. For the same reason, moisture evaporation speed
was the fastest after the closure of the valve due to the
big clearance in sand. Therefore, humidity sensitive
materials had the fastest dehydration speed and the
shortest time to open the valve again. However, the slow
moisture evaporation rate caused by small clearance in
clay would result in a longer time of dehydration and
shrinkage, and a longer time to open the valve again.
The clearance in loan fell somewhere between the sand
and clay.

The relationship between transmission rate and ratio of
humidity of sensitive materials

The relationship between transmission rate and ratio
of humidity of sensitive materials would be analyzed by
using the data obtained from the experiment. Figure 5-10
indicated the rising rate and falling rate of the valve’s
spool in three types of soils at the mixed ratio of 1:1 and
volume 2ml when half of the humidity sensitive materials
contacted with air.

F10 r
2
.: 8 L
6 L
4 T ---Ratio 1:1
2 r —Ratio 1:3
O 1 1 J
5 10 20
Distance between the dripper and valve/cm

Fig.5- The spool’s rising rate in sand soil
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Fig.7- The spool’s rising rate in clay soil
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Fig.9- The spool’s rising rate in loam soil
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It could be obtained from figure 5-10 that the spool
has risen faster at the mixed ratio of humidity sensitive
materials 1:1 than that of 1:3, and fell slower when the
ratio was 1:1 than that of 1:3 under the same conditions.
The expansion amount of the mixture materials was
larger because of more SNF at higher mixed ratio.
Shrinkage was less because more SNF needed to dry in
the valve, so time to open the valve again would be
longer, and the spool had a slower moving.

The relationship between transmission rate and
whether humidity sensitive materials exposed to the air

Based on the mixture materials contacting the air or
not, an analysis was done comparatively to the condition
of volume 2ml, ratio 1:1. Analysis results of the three
types of soils were shown in figure 11-16.
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Fig.11- The spool’s rising rate in sand soil
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Fig.13- The spool’s rising rate in clay solil
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Fig.15- The spool’s rising rate in loam soil
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Fig.12- The spool’s falling rate in sand soil
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Fig.14- The spool’s falling rate in clay soil
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Fig.16- The spool’s falling rate in loam soil
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It could be seen from figure 11-16 that the spool rose
or fell faster when the mixture materials in valve
contacted the air in all three soils at the mixing ratio of
1:1 and volume 2ml, which indicated that moisture
transmission rate between humidity sensitive materials
and external environment was faster when the valve half
inserted into soil. It was mainly because that moisture
needed evaporation after the closure of the valve caused
by a certain degree of soil moisture, then the valve
should be opened again. In the process, the humidity of
air was less than that of soil, so humidity sensitive
materials contacted with air had a faster dehydration
speed, a shorter shrinkage time and a shorter time to
open the valve again.

CONCLUSIONS

The new valve type was developed with the idea of
water saving and energy conservation, which could
control irrigation on-off without computer and sensors. It
was especially suitable for popularization and promotion
in agricultural and forestry irrigation of poor condition
area.

Following conclusions were mainly found that
moisture transmitting rate between humidity sensitive
materials and the soils or the air was influenced by
clearance of the soil, ratio of humidity sensitive materials,
and whether exposure to the air through the above
experiments and analyses.

(1)The fastest transmission rate of moisture between
humidity sensitive materials and soil could be found in
sand and the slowest in clay for different kinds of soils.

(2) The speed of material water-absorption was
faster when its ratio was 1:1 than that of 1:3, and speed
of material water-loss was slower at the ratio 1:1 than
that of 1:3.

(3) The transmission rate of moisture was faster
when contacting with air. Besides, a general time range
(time to close the valve from 3 to 12 hours and time to
open it again from 70 to 130 hours) could be summarized
from the experimental data.

It would provide reference for the further application
of the new water-saving valve, and it is helpful to develop
rapidly water-and energy-efficient technologies to
promote the steady and efficient development of
agriculture and forestry products.
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