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Abstract

The aim of this research study was to develop a water pumping system with steam power. The
operations of this system used a self-pumping and self-regulating method for circulating water in the system.
This system consisted of five main parts, which are a vapor-producing heater tank with a built-in electric
heater, a liquid piston tank, a storage tank, an overhead tank and a simulated well tank. The general
operation of this pump had four stages for each cycle: heating, water circulating, vapor circulating and water
suction. This system had a fixed discharge and suction heads of 3 m, overall head of the system. According
to the experiment, it was found that the pump could operate at an average heater tank temperature of about
98-105 “C leading to 57-60 °C outlet water temperature of the liquid piston tank and 24 pumping cycles. The
pumping rate of the system was 96 L in 4 h when the mean consumed energy input was 5 MJ and the mean
pump efficiency was about 0.055 %. The discharge and suction heads were the more important parameters
in the system.
Keywords: Water Pumping, Steam Power, Discharge Head, Suction Head

1. Introduction It also causes energy crisis of the

The problem of agriculturist is that the country. From previous problem, research and

water for cultivation and animal husbandry does not development of water pump by renswable energy

depend only on a natural rainfall. In most cases, it
will also need to pump some water using electricity.
Furthermore, the locality far from power grid uses
oil as a fuel to pump which may face a problem of
transportation of fuel into the local site and an

expensive fuel.

such as wind turbine is possible only in location
with  continuously high wind energy potential.
Moreover, various researches and
developments on the solar water pump by other
processes were carried out.
Reviews of the historical development of

the use of solar energy installation for pumping
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imigation water are as followed. Pytlinski [1] and
Bahadori [2] showed the operation principles of
solar energy water pumping with thermodynamic
and direct conversion. Jenness [3] did a
consideration relative to solar water pump by using
the Savery technique. Hirano et al. [4] showed
experimental study of a downward heat pipe used
for driving pump. Sudhakar et al. [5] used a solar
water pump for irrigation and did an analysis and
simulation. Sumathy et al. [6] analyzed a solar
water pump with n-pentane as a working fluid.
Recently, Liengjindathaworn et al. [7] presented an
experiment and the parametric studies of a
pulsating-steam water pump. Their system used
electric heater to supply thermal energy to produce
a steam working fluid at low temperature. However,
the system control of all valves was operated by
hand.

The purpose of this research was to
study an automatic operation, performance and the
more important parameters of a water pumping
system with steam power. The previous design of
such system was done by Liengjindathaworn et al.
[7] whose system was not automatically operated.
A new design of the automatic water pumping
system with steam power was presented in Fig. 1,

which involved 4 stages.

2. Experiment setup
Description of operation of a new design of water
purping with steam power was presented in Fig. 1
as followed:
2.1 Heating stage: When inputting electric power
to the heater as shown in (Fig. 1a), the water in HT

is heated and vaporized by the thermal energy.
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The temperature and pressure increase continually
until the pressure in HT is high enough for vapor to
flow into the LT. The pressurization continues until
the pressure in the LT is more than the pressure
loss in the discharge tube.

Air Vet

Supply Task

Overbead Tank Heater Tank

His

Liqud Piston Tank Storage Tank

& >

Mg | Well Tank

1a. Heating Stage

2.2 Water pumping stage: As soon as the
pressure in the LT reach threshold, the LT water
then can flow to the ST. This stage continues until
the LT water level reaches the entrance of the

outlet duct in (Fig. 1b).

1h. Water Pumping Stage
2.3 Vapor flow stage: Fig. 1c, when the LT water

level reaches the entrance of the outlet duct, the

vapor inside the LT flows into the ST and
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surrounding air at the air vent outlet. Therefore, the
temperature and pressure inside the LT decrease,
this stage continues until the pressure is equal to

that of surrounding air.

Ad Vemt

Liguad Piston Tank Storage Task

&k | Well Tank

1c. Vapor Circulating Stage

2.4 Water suction stage: when the pressure inside
LT is equal to one atmosphere, the low
temperature water in the OT can move downward
through control valve to the LT by the gravitational
force. This provides vapor condensation and hence
vacuum within the LT, sucking water from the WT
into the LT. One cycle of the pumping therefore
ends and the system is now ready for the next step

(Fig. 1d), the system circulating water per cycle is 4

|-

Air Vem

.
- Owerhead Tank Heater Tank

Liguad Piston Tank Storage Tank

A& | Well Task

1d. Water Suction Stage
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Fig. 1 The operation of the water pumping with
steam power

As shown in Fig. 1 the HT is a stainless
steel cylinder with 0.4 cm thickness, 20.5 cm
diameter and 31 cm length. A controlled electrical
heater, well insulated, heats the HT. The LT (or
condenser in this system) is made from stainless
steel sheet cylinder with 0.3 cm thickness, 16 cm
diameter and 24.5 cm length. The LT and HT are
connected by an 1/2 inch copper tube with 5 cm
insulation. The gage pressure inside the HT and
the LT could bhe measured by a pressure
transducer (Cole Parmer) with accuracy+0.25%. A
set of K type thermocouples connected with hybrid
recorder (Yokogawa) with accuracy =0.5%were
used to measure data from 3 points of the HT (top,
middle and bottom), the same as the LT. Then, the
thermocouple is installed inside the OT and outlet
of the LT. All preliminary data were recorded for
every 30 sec.

During heating stage, the thermostat was
set at 110 "C in order to ensure water boiling. As
electric heater supplies a constant energy rate to
the HT water, the overall head was 3 m in the

experiment.

3. System analysis
3.1 The Heating Stage
For heating of the HT water, lumped model is

assumed [8-9]:

O=m xec X{T -T J-%—Loss (1)
woopw o wy W
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The pressure in the HT was calculated from a

perfect gas law:
PV =mRT 2)

The discharge pressure of system was expressed

as follows:

f 1
Pdfscharge = | Lo PR 1+ Fatm (3)

3.2 The Water Pumping and Steam Flow Stage
The fluid flow to the ST according to the following

Bermoulli's equation [8-9):

p )
Pr . AT
- = hn’fsch arge (] N A(f ) )

The required hydraulic work per cycle is expressed

by:

W -1 =
Hh —chp“_xgxh (5)

3.3 Water Suction Stage

The energy bhalance during the vacuum in a
thermal pump is analyzed. Steam at 105 °G inside
the LT transfers heat to the 30 °C water from the
OT. All steam condenses. The temperature of
remainder air and hot water decreases. Some
water at mixing temperature vaporizes. Energy

balance in the LT is then as follows:

Iy, [’h

g.105 7" f.Imir)+(m“’ “Cpw+Ma*Cpa ] (105-Ty)

=My (h £ Imix 130 ) +(meh e (6)
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The suction pressure of system is expressed as

follows:

=P - (_pxg suction) (7)
suction atm

Pump efficiency of a water pumping system with
steam power is defined as a ratio of total hydraulic
work required by the pump to total electric energy

input to the pump during the experiment:

N,

n % 100% (8)
P Hyy

Table. 1 The analysis parameter of system

efficiency

Symbols Parameter

Co. w Water specific heat, kJ/kg c

g Acceleration of gravity, =9.81 m:’sz

Niischarge System discharge head, m

Ngucion System suction head, m

Higt Total energy input to an electric heater, kJ

Kq Loss coefficient for discharge, dimensionless

my Water mass feed in the LT, kg

My Water and steam masses at the HT, kg

N Number of a water circulating cycle

Too New water temperature in the HT, ke

Tii Previous water temperature in the HT, °c

Pw Water density, ng’m3

Vg Discharge velocity at the LT outlet

Ve Volume of circulated water per cycle, m3
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4. Results and discussion

During water in the HT is heated by
heater, the thermostat was set at 110 °C. The
electric heater supplies a constant energy rate to
the HT water. The temperature of the water, as
well as, air increase to near the temperature level
setting. The vaporization of water and the constant
air mass expansion under the HT temperature then
create new total pressure. Presently, the system
can start circulating water from the HT to LT and
ST (water pumping stage). Therefore, the water in
the LT decreases continuously, this makes the LT
temperature has rapidly increased until the steam
flow stage occurs. Then the low temperature water
in the OT flows into the LT that is filled with high
steam. Then the

temperature mixing occurs

between the low temperature water and high

temperature steam in the LT and causes the
temperature and the pressure suddenly decrease,
the vacuum  pressure is then  produced
consequently. The water is suctioned from the WT
into the LT as shown in Fig. 2 and Fig 3. A mean
temperature in one cycle happening in the HT and
the LT are about (98 - 104 °G) and (57.9 - 104 °C)
respectively, and then to the lowest value at the
end of each cycle. At the same time, pressures in
cycle occurring in the HT and the LT are about (-
978 — 18.52 kPa) and (491 - 18.43 kPa)
respectively. From the experiment, it is found that
the system can pump water for 24 cycles in 4 h.
Pumping time is 12 min per cycle. Moreover, the
average pumped water per cycle is 4 L (net). Fig. 4
shows the thermal energy stored in the ST. The
average ST water temperature is around 57 - 60 °C
because of heat transfer from the LT envelope and

steam. The maximum thermal energy stored in the
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ST is about 552 MJ. The mean pump efficiency
maximum is about 0.055% for the overall head of 3

m.

—Th.C —PhkPa

100 4+ e e U T
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Fig. 2 Mean water temperature (Th) and vapor

gage pressure (Ph) in the HT for the discharge

head of 3 m.
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Fig. 3 Mean water temperature (T1) and vapor gage
pressure (Pl) in the LT for the discharge head of 3

m.
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© Qs,MI  ——fitted line
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Fig. 4 Mean water temperature (Ts) in the ST from
the experiment and fitted line for the discharge

head of 3 m.

5. Conclusions

System advantage is that the cooling
time is very rapidly. Its operation is automatic
compared to the previous work [7]. This system
can use various energy sources such as thermal
energy from woods found in the local area far from
power grid. Besides, it is simple in operation, uses
fewer materials or parts, is easy in construction and
has no moving parts: solid piston. Another
acdvantage of this system is that the pumped water
temperature is around 57 - 60 °C appropriate for
bathing. However, the possible water vapor lost to
the environment is around 0.172 kg. In conclusion,
the system pumped water is 96 L in 4 h. Moreover,
the maximum pump efficiency is about 0.0565%.
Only 4 h operating time is selected in order to keep
the control valve long life. We also plan to
construct a larger thermal water pump that can
have 1000 L capacity or more. Usually, the pump
(heat engine) efficiency increases with termperature

as found in a steam power plant.
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