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ABSTRACT

The main goal of this thesis was to develop the model of appropriate water
pumping system model for natural water resources in Northern Thailand. The
parameters of the water pump were experimented in the laboratory and the results
were used in the design of the prototype water resource such as waterfall and stream.
The prototype waterfall had 2-5 m level and the prototype stream had 1 m width, 1 m
depth and 10 m length. The water flow could be controlled in the range of 100 — 200
L/min flowrate and 0.5-1.5 m/s velocity. Three types of natural water pumping
systems were evaluated with the prototype water resources. Hydraulic Ram Pump
(H.R.P.) was tested with prototype waterfall. The Water Wheel Pump (W.W.P.) was
tested with the prototype stream. Lastly, the Hybrid Water Pump (H.W.P.) was
evaluated with both prototype water resources. The pump performances were
determined as Volume flow or Discharge, Delivery head and Mechanical Efficiency.
In addition, the economic analysis was performed on all the natural pump systems
compared with the conventional electric pump.

The laboratory experiment revealed that the H.R.P. could pump in the range of
8-19 I/min and resulted in mechanical efficiency increase up to 10%. However, with
increased in discharge for W.W.P. the mechanical efficiency reduced to about 8%.
H.R.P. at 25.4 mm and W.W.P with diameter 2 m could provide similar water
discharge volume at 8-19 L/min and delivery head of 2-10 m with mechanical
efficiency of 8-9%. The difference in performance was the result from the various

operating condition. Therefore, combination of both pump systems with the
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appropriate operating condition could provide the optimal pump performance with
maximum discharge, delivery head and mechanical efficiency.

The overall performance of H.R.P.,,W.W.P. and H.W.P. evaluated with the
prototype waterfall and stream resulted in the delivery head of 3-13 m. In addition,
the discharge volumes were in the range of 13-1, 14-10, and 27-12 L/min with
mechanical efficiency of 3-11, 9-15, and 10-26%, respectively. The inlet flowrate had
little effect on the H.R.P. because higher inlet flowrate resulted in higher water loss
without discharge increase. However, if the inlet flowrate was less than 100 L/min,
the H.R.P. would not be able to pump water. This was due to H.R.P. required enough
impact energy to operate. So when the supply head increased from 2 to 5 m, the
discharge and delivery head also increased significantly. For the W.W.P, the supply
head of the waterfall did not affect the performance of the pump. Appropriate inlet
flowrate of 100-200 L/min resulted in sufficient velocity to directly drive the W.W.P.
This was due to W.W.P. requires the energy from water velocity to turn the turbine.
The appropriate operating velocity were 0.5 = 1.5 m/s to yield discharge of 10-14
L/min which was higher than H.R.P, at 1-13 L/min. Greater velocity than 1.5 m/s
could not provide higher discharge or delivery head. The overall performance of
H.W.P. was the combination of the performance from H.R.P. and W.W.P. The waste
water from the H.R.P. would be reuse for the W.W.P. The natural water could then
be fully utilized. The example of the maximum performance for H.W.P. at the
condition of inlet 200 L/min and velocity of 1.5 m/s, supply head at 2-5 m provided
delivery head at 3-13 m and discharge of 22-27 L/min which were the combined
result of individual H.R.P. and W.W.P,

The economic comparison between the 3 natural pumping systems and electric
pump (1hp) was compared at delivery head of 10 m and 25.4 mm delivery pipe. When
considering the total cost for investment, operation and maintenance of 10-year
operation, the electric pump cost (93,794 baht) was approximately 3 times higher than
the ILW.P. total cost (31,830 baht). However, the electric pump had lower
investment cost comparable to H.R.P. at approximately 4,600 baht. The W.W.P. and
H.W.P. investment cost were 7,810 and 12,410 baht, respectively, which were about
2-3 times higher than the electric pump. Therefore, even though the investment cost

for electric pump was lower, however, in the long run the electricity price for the




electric pump was the significant cost in operation. The payback period for the
investment cost of H.R.P.,, WW.P,, and HW.P. were 0.5, 0.75, and 1.5 years,
respectively when the annual electricity cost of the electric pump was the reference.
However, the mechanical efficiency for electric pump at 60-80% range was
significantly higher than the H.W.P. efficiency at 10-26%. Even with low efficiency,
the H.W.P. could be used in the remote area without electricity access. The natural
water pumps could be operated continuously unlike the electric pump. For farming,
the water storage could be pump at any time without the rush as long as there was
enough water for the farm. Therefore, the water did not need to be pump at the fast
speed with the high efficient electric pump. H-W.P, also used clean energy from
nature so the natural pump system could be used in other applications such as
maintaining the watershed, creating moisture in the forest, preventing forest fire, and

treating air and waste water, etc.
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