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INTRODUCTICN *~ -'®

1.1 . General

Tn many developing couﬁtries‘the‘farmers nave 2 long”
term tradition of using sméli scale irrigafion system and
surface water as their supply. Flaces where topography permits
the most simple and efficient method to supply water to the
dand is by gravity flow. Areas where this is impossible, for
example, where-sﬁbply.is'fromeh§119W;graghdﬂatgr, 1lifting
becomes necessary. Traditionally-human-léboﬁr, animal;wafér
and wind have been the power sources for water lifting. But
in some areas there has been a tendency to-replace.'the-
traditional device by modern pumping equipment. However, this
trend is geitving retarded. because of increasing éhortage and
riging cost of fuel, Zver increaSing demand of fossil enérgy
for other sector would furfher intensif& the efforts to improve

and th develop reliable systems based on renewable enerpgy sources.

¥ore than 30 million water lifting devices are in operation
for irrigation purvosses in the develoning countries and about

10 million devices vwtiliring human Jabour, animal, wind and

hydropover {2).




The meén.annual rainfall in 3angladesh varies from about 1524
mm . in the wesiern part of the country %o almost 5080 mm |
in the north-east. There is a wide seasonal Fluctmabion with
about GO0 percent of the rainfall occuring in the five months of
the monsoon period (May to September). Inspi%e of an overall
abundance of rain, serious drouszshts do occur. There are instances -
of inadeguate rainfall even during the monsoon season. The minipum
rainfall during most of the dry sezson(October to March) is almost

zero. Hence irrigation is necessary for year round cultivation.

Total land in Bangladesh is 35.3 millicn acreg. Almost all
of the'arable lands (22.5 million acres) are culti&ated. Irrigatibn
'only covers 19% of the total cultivated area in which 51% are
irrigated by manual methods and rest 499 are by mechanical power
.. -s.driven methods (11). Although the irrigated area has been increased
in thé recent yesars, there is an immense scope of further expanding
he areas. This will increase the cropping intensity and food

production.

Improvement and extensive utilization of the water 1ifting
devices driven by Human energy can play an importaﬁt role in
expanding the irrigated acreace in the country. ¥Water 1ifting
devices drivén by human energy have somé important advantages
in this country. Some of those are; (i) Human energy reauirement

for lifting water can be provided by the ugers in rural areas
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(1i) fhe devices are labour intensive and require elementary
technologies both of which are locally available;(iii) the capital
cost of manual water lifting units are low;and (iv) cé@pared to
altefnate forms of water lefting devices which are dependent on
imported fuel, ménual water lifting devices are little sensitive

to inflation (1).

1.2 Objective

The purpose of this study is to compare the performance of
varioug manually operated water lifting deﬁicés used in Banglédésh.

The specific objectives are:

(i) ‘to develop characteristicl curves for each of the study
devices based on data available in the literature and data genera-

ted by pump test;

(ii) to determine the optimum operating condition for each

device;

(1i1) ¥5 compare the efficiencies of the devices; and

(iv) to compare the economic efficiencies of the devices.




LLTJQHTURﬂ HJfIEW

A number of studies have beeg undertaken 1o familiarizelﬁhe
various indegineous water 1lifting devices in the developing =
countries (1,2,4,5). In most of the studies emphasis has given
on either thergeneral degeription of the devices or their
periormanceg at farmers level. No 2ttempt has been made to
compare the performances of va rious devices in tmwmﬂ of
mecaanlcal and economic efficisncies, Systematic s»uﬂles on

1mprovement of the 3e31an and oper351on of these devices are

2150 lacklng.

A brief review of some of the studies are o

given in the
following paragraphs.
Ahmed ,(1) undertook a study on the performances of some

manual s2thods of irvigation in Fangladesh. In his stuly he -

levices can make in irrigation. As such he discussed about

Pump, Chinese, Chain and Washer pump, 3RRT pamp( Bangladesh

Rice Research Institute), Rower pump and Archemedesn Serew.,

+
4

[o)

[N

eveloped head versus discharge curves of Dhone, SwWwing Basket
and Hanpé Tubewell. The data used were collected by fisld testg

L

and measurements. He did not inciude input-outvut anal

i1¥sis in

his shudy.




Mosiafa ,{2) conducted an investi ﬂatlon on the water lifting

lifting devices being used in developing countries. He described
various devices driven by man, animel, wind, solar, biogas and

fossil fuel power. FPerformance characteristic curve of Dhon

and Swine Bagket has drawn.

o 5y

Kﬁan (3) zave a gpnnral description of water 1lifting
‘devices in Asia and the near east. He discussed about Dhone,
Swing Basket, and.HOSTI.(Manually_Operated Shallow Tubewellr
Irrization). Head discharge curves of these deviceé had been
drawn. He did not discuss the‘recently déveibped manual bumps

which have been operating in Bangladesh.

Ghani, Islam and Fuendokar (4) undertook 2 study to

collect the different types of manually opsrated

e

umps

available in the country for =avaluation of their

=y

ar

e

orminces
in order to select the best available desizn ana to carry out
Turther modil atlon if necessary to improve their performances.
In the repord they shortly described six manually opefated
pumps such as DBRRI Diaphram punp, Comilla Co-ovnerative ¥arkhana
- pump, Dev BXB pump, No.6& Reciproaating pump, Rower pump and
Lw1n—m“egéle pump. They conducted pumping test for short range

of hezd variation. _ : .




SRR Islam‘and‘ﬂl&zééf {5) conducted a research focuésing
on the comparisgon df performarces of different types of manual
pumps. In the report theydescribed the various devices and
included test results. Head vs. discharge curves for the study
devices have also drawn in their report. They 3id not use pump
efficiency as an index in the comparison. Nothing has been
mentionéd abogt the optimum.operating conditibns, They gave D
estimaﬁed coet of these manual punps for comparison but c0mpleté

gconomic-appraisal has: not heen done.
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DATA COLLECTION AND ANATYSIS

v

3.1 Physical Characteristics of the Stwdy Units

A number of manvally driven water 1ift devices are
being used in Bangladesh. The.following devices have been

selected for this study:

3.1.1 Dhone

3.1.2 Swing Bagket

3.1.3 Shaduf
3.1.4 BRRI Diaphragm pump

3.1.5 M.L.K. Pump
3.1.6 Hand Tubewell ‘ 9,

3+.1.7 Rower Pump
3.1.8 Pwin Treadle Pump

3.1.919ne Man Operated Diaphraem pump
3.1.10 Two Men Operated Gardening pump

3.1 .11 Two Men Operated Reciprccatirig pump

Brief descriptions of these units are given in the

following paragraphs:

3+.1.1 Dhone

The Dhone is a manually operated boat shaped trouph,
cloged at  on'e end and open at the other end. The length of
Dhone varies from 3.8 meters to 5.3 meters. Longer Dhone is

suitable for higher 1ift. The depth and width of the discharge
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end vary from 12,7 %0 15.2 cms and 12.7 to 20.3 cms réspective1y 
and those of the imbake end Tange from 17.8 0 22.9 cms and

17.8 %0 25.4 cms respectively, The bottom of the intake end

wag made conical to minimize the beuyant force. The intake

‘part was about 50 percent of the total lencth, slightly raised
upward to make it easy of operatlon and to fa01litate guick
filling of the Dhone. '

I% is operated by one man with the help of a lever. The
lever is eccentrically pivoted from the cenfre and hanged on the
-larger end of the lever in such a way that there exist sufficient.
slope in the Dhone for quick discharge of the 1ifted water. A
"welght, (a large stone or a ball of dry mud) is fixed to the
shorter end of the lever. The operatOr puts hig body weight on
the closed end of the Dhone to filled with water from river or
rond using his leg. He stands orn a . bamboo platform usually
15 cms above the water surface. When the Dhone is fill with
water-the operator removes.his bédy weight and it is automatically
1ifted up owing to the counter weight on the other end of the

lever.

The discharge of a Dhone varies with the 1ifted height,
skill and efficiency of the operator. The range of 1lift for
~ Dhone of length 5.1 meters and 3.8 to 5.1 meters are 1.0 to 1.2
meters and 0.9 to 1.0 meters respectively. The maximum 1ift
height for single stagé is 1.4 meters. The farmers increase the
number of gtages of Dhone with the increage of 1ift. Generally




ugm

whea the 1ift exceeds 1.5 meters the farmers arrange for next
stage. It has been observed that the usuval practices of the
farmers is to go for 2-3 stages: however in some cages 4 stages
. may be found. The discharge chéracteristics of several designs
of Dhone are recently measured under field condition. The- .
.discharge is 7.5 litre/sec for a 1if%t of 0.8 m but it reduce to
only 2 litres/sec for the left of 1.8 m. About 4-5 acres of dry
season fice can be irrigatéd by one Dhone. The cost of construc-

tion and installation are about Tk. 600.

3.t 2 SwingABasket

The &wing Easket consists of a basket made out of bamboo
or quite literally a normal tin bucket which is tied to r>pes.
Two persong stand on either side and swing the basket to raise

the water and is discharged into the field channel.

Swing Baskets are made locally by farmer and are used for
providing irrigatlon water to dry season rice. About an acre of
dry season rice can.be irrigated by a swing basket. The cross
gsection or shape of a ?wing @askgt ig a hollcw -'cone. Generally
farmers used a 51-56 cms square mat or G.I.aheet. The average
volume of a Swing Basket is about 1.50 U.S. Gallon (5.7 litre).
The water delivered per stroke varies from 5.3-4.0 litres at

11fting height varying from 0.8 - {.50 meters reapectively,

Average period of work done at a stretch is 15-25% minutes.
This method is the most laborious irrigation method practiced in
Bangladesh because all the weight of lifted water ig supported
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by the oparatofae Swing Basket is a very éimplé device and

needs minimal repsir. A swing basket costs about taka T5.

3.1.3 ghaduf |
' The shaduf is a counter balanced 1ift which can be used
to 1if{ water from a shallow dug well or & pond or ditch.
Pitchers are so@e times used %o 1ift water for irrigation from
the dug well. The device consists of a lever which swings around
pivot having counter weight on one side and pitcher fastened by
rope on the other side. The operafor pushes the'pitéhér into
the water and pitcher is lifted up by the counter weiqht of the
-lever. Some- times inatead of counter welight of the lever one
and of a bamboo is kept fixed on the ground and the _elastic
action of the bamboo is used to 1ift up the pitcher from the
dug well. The frequency of the stroke depends on the depth of
water, size of the pitcher and counter weight to 1ift up water.

About { of an acre of rice can be irrigated by this method.

3014 BRRI Diapgragm Pump _

It ig & diapé}agm type twin position displacement pump.
Two pumps are installed over one platform and act asg a_singie
unit. Both the pumps have one common chamber. There is a one
way valve allowing ﬁhe water to enter intq thersuction chamber,
The extended 1ift afgg of pump are connected with the long
operation kandle by bolts. The operation handle is fitted on

a stand and actuates over a fulcrum. This pump is recently
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midified to make 1t more simple and to reduce the cost and
energy requiremené and to improve longivity of the diaghragm'

by changing the rectangular shapted box to circular shaped box.

The performance test of COmmonly usged manual pumps in
Bangladesh the BRRI diaphragm pump performed better upto 3
meter head. Beyond three meter head it required too much energy
which méde 1% difficult to operate the pump even for a very

"-short period. It has the discharge capacity of 3.90 1/sec af
the head of 1.5 m-which reduces to 3.50 1/sec when the head
increased”tn 3 m. The estimated cost of the pump is taka 1,500.
The 0perational and. maintenance cost is very low. Two men is
requlred to operate the diaphragm pump. After .operation of a’

gseason repair needed is to change the rubber diaphragm.

3¢1.5 M.L.K. Pump
This pumps is a double acting reciprocating pump. It isg

a manually operated pump developed by Mohammad Imkman-Khan. All
the parts of the_ﬁump including the pump cylinder is made of
steel. The estimated cost of the pump is Taka 2,500. This pump
can be operated by 6ne or two pérsons. Maintenance and repairing

cost is nearly 250/~ Taka per year.

3.1.6 Hond Pumps
The No.6 pump is a cast iron 1ift pump used primarily for

pumping drinking water. At present, its wide use 1is found in

small secale irrigation projects. The pump cylinder has an internal

diameter of 0.2 cms and the water chamber just above‘the pump

¢ylinder is 12.7 cms. The Piston of the pump i1g connected to gz
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- hand lever of @i?S meter. The base of the pﬁmp isg 5threadedlto
receive a thrsaded 3.8 cmg galvaniged steal pipe. The plunger
of the pump consistéd of one way valve and a bucket'geﬁerally
made from leather or plastic. The leather bucket are more
durable but comparatively more expensive than plastic bucket.-
According to the information available for ome seasgon, generélly
w70 leather buckets or six plagtic buckets are fequired. The

-discharge of a Hand Pump, varied with different factors such asg
depti of groundﬁater table, strength of the opérator and age of
the pump etc. - |

Hand pumps are used for 1rr1gating mogtly dry—season rice
andﬁvegetables. These are used for very small land holdings
(smallerthan %+ acre). The efficiency of an operator in punping
while sitting and using leg is better than while pumping in
standing position. These pumps are extremely popular in areas
where surface water is not available and ground water table is
close to the ground. The cost for pumps,steel pipes and strainer
including installation are appronmai:eiy Taka 2,500. When PVC
Pipe and strainer are used then the cost reduces to Tkl 1,000.
Annual maintenance and repairing cogt is approximately Tk.100.

3.1.7 Rower Pump _

The Rower pump is a manually operated reciprocating pump
with 2"(5.1 ems) diameter PVC plagtic pipe as the cylinder. The
Pigston insgide ths cylinder is operated by pushing and pulling

directly on a T-handle at the upper end of the piston rod, The
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-pump_ig af%ache& to ths tubewell at an angle of 300 with the
land surface. A vacuumr chamber is used to damp the felocity
variation in the moving water eoiwmn thaﬁ,éccurs-due to the
reciprocating piston. Maintenance is a véry edgy tasgk so that
a farmer can easiiy check and service his own pump as needed,
Primary maintenance would be expe¢tea on the piston on which
a leather cup seal and rubber valvé flap are fixed. C(n lesé
frequent occagsion the foot valve may needed to be examined.
it hés & rubber flap valvelwhich can be removed and replaced

quite easily.

| The Rower pump operatns with out cavitation upto about

' (8 5 n) pumping head. When the pump is used for irrigation a .

maximum (6.7 m) pumping head isg recommended due to limittations
of operator strength. The estimated cost of this pump with 7.6m
PVC pipe 2nd 2.5 m strainer is Taka 800. This pump is designed
| by Manonite Central Committee and Manufactured by Mirpur
,Agricultural Workshop and Training School, Thig Workshop supplies
2,000 Nos. of Rower Pump in the district of Kushtia and Dina jpur
in the year 1982*83

3.1.8 Twin Treadle Pump

Twin Preadle Pumps are made forlirrigation both from
sub gurface and surface scurces. This pump consists of some
bamboo pleces and f%c cylinders. Body weights of the operators
are used ag power o Operate the pump. Total body weights on

treadles, legs and thigh muscles are effectively used to operate

the pump. The spares of +he bump are easily avallable. Rope and
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Bucket aré_changed by thé farmers, foot valve replaced by the
local handyman. This pump is successfully'operated with bambob,
PVC or G.I.Pipe. 12,000 number of Twin Treadle pumps are
instaliéd gsince invention in November, 1980. { to % acres of
intensively irrigated rice and 1 to 2% acres of‘dry crops” such
ag wheat, potatoes or tobacco can be~easiiy.irrigated by this
punp. The estimated cost of the pump is 400 %o 500 Tk. completely
installed with bamboo filter and bamboo tubewell bored to 4.5 cms
(11). ' |

Many.groﬁpé are working (both men and women) in différent
villages of Takurgaon and Kurigram district due to the motivat;:ﬁ'
~of the Rangpur-Dinajpur Rehabilitation_Service(RDRS) operated
by the Lutheran World Federation (The Dailj News, Feb. 14,1985).

Irrigation by this pump with bamboo tubewells-developed
by RDRS is a common sight in the villages of Thakurgaon and
Rurigram districts. This low cost manual device is more ugeful
than diesel pumps in increasing the production of small farmers.
The treadle pump is estimated to have a life of 2 to 3 years. In
order to alleviate the deterioration of the non gsubmerged bamboo
well caging RDRS has begun to treat that portion of the caging
with a golution of borax, sodium di-chromate, copper sulphate,
ammonium phosphate and acetlc acid. This pump hag a 25.4 cms

stroke and the diameter of the pump cylinder are sized for the -

distance the water must be 1iftéd in order to match the required
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pumping force to a-man'g optimum force in the treadle.

A 7.6 cms diameter cylinder for 6 m 1ift,8.9 cms cylindef for |
él4.6 m 1ift, & 12 cms cylinder for 2 1ift of 2.4 m and a 1% .oms
cylinder for 1.5 m 1ift from rolled 15/16 gauge rild steel (MS)
sheet Plunger rod is made from .95 cms MS rod fixed with plunger-
discs of 12 gauge MS sheet (6)

3.1.9 One Man Operated Diaphraem Pump

The body of the pump is an irregﬁlar shaped cast iron
vessel having a rubbef flap, the most important element of the
'pump. One man operate it with a long lever which raises and
:lowers the rubber £lap to create vécuum. This pump gives a good
discharge for low head. Cost of thig pump is about Taka 1,800.
Maintenance cost is very low. Change of rubber flap is required
after one season operation. Maintenance cost is near about Taka

180 per year.

3.1.10 Two Men Operated Gérdening Pump

It is a cast iron pump working in a reciprocating action.
Cylinder of the pump is in a horizontal position. Alternate
pulling and pushing mechanism is done with a 'P shaped handle
hinged to the driving piston. This pump is operated by two
persons standing on the oposite sides of the pump facing each
other. In & cylinder two buckets are fixed one opogite to the
other with a single piston. When one person pulls the other
pushes and thus alternately the operation goes on. Cost of this

device is about Taka 1,500. Maintenance cost is very low. Only
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the buckets are needed to'chaﬂge affgr uging this pump for one -

seagen. This require Taka 160 per year approximately.

3.1.11 Two Cylindér Reciprocatine Pump

' This is 2 cast iron pump.: Tt is rested on four wheels
for eagy of movement. This pump is'operated Sy two persons'bym
raiging and loering the piston with the help of a lever arm.
The lever arm ig fitted with a gingle *'T° shaped bar hinged at
the centrally fixed cylinder. This pump costs Taka 2,000 and

meintenance cost is low which is about 200 Per season. The
r,bucket 13 needed to change after using one_season; Dischargé

-of the pump is not satigfactory as compared to the others.

3.2 Data Collection

Data were collected from the previous study reports

and also from the pump test.

3.2.1 Collection from Literature Sources

Head Versus Discharge data of Lhone, Swing Basket and
Hand Tubewell as reported by Ahmed, K.U(1) were collected. The
pump tegt data of Shaduf and Twin-Treadlé pump were taken from
" the M.Engg. special study report:prepared by Mostafa,M,G(2) and
from the short comsultancy report(6). The data on M.L.K. Pump
end BRRI Diaghragm pump were taken from the annual resgearch
report of BRRI(7). All the relevant data are includéd in
Table 3 to 9 Appéndix—A.
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Fig.1 Dhose in Operation
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Fig.2 Swing Basket in Operation
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Fig.4 BRR
g I Dlaphragm Purp in Operation




Fig.6 Hand Pump in Operation




Fig.8 Twin Treadle Pump in Operation
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3.2.2 Pump Tests

Laboratory tests were conducted on One Han Operatad
‘TLaphram pumpr Fvio Men Oneraﬁed Gardening punp. ~ o lelnder
Reciprocating pump and Qower sump 2% the BRRI Engﬂqearlng

division workshop, Joydebpur,Dhaka,

A tank was used as the source of water supply. Pressure
regulator was used to vary the suction head. The inle% of the.
pressure regulator was 1mmerged into the water and outlet wasg

connected to the inlet of the water lifting dev1ces Water entef$
]
“ into.the device through the pressure'regulator.iThe suction head . ‘

at which water enters into the device was:indicated by the vacuum
gauge connected just below the cutlet of the vressure resvlator,
A_brasslrod ~connected with a plate,fﬁiedzgi?;t valve of the
regulator extendad out through the top of the regulator. Different
weightg were placed on the Wess rod to maintain different suction
Pressurea. the devices were operated by the human energy and time
wasg count=d to fill a drum of known volume at Jgach suction head,
From the recerded time and volume of the drum digcharge at a
particular suction head was calculated. Three readinggwere taken
at each suction head, The tests were conducted at four dlfferant

suction heads. The test results are also included in Table 10 to

13, Appendix-A.
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3.3 Data Analysis

The pump test data were analysed to develop characteristic

curves for each of the study units.

33«1 Pumping efficis=ncy .

To get the efficiency discharge relationship the pump
efflclency LQS been calculated for each set of. mho “hezd—diascharge

data u31ng the equatlon.,
B = x 100 (1)
m76_;'d-igP

[

-wheré, B

Pumping efficiency,- percent
Q = Dfscharge-in Y/seo " oA e
H = Pumping head,‘m'

IHP

Input horse rower.

Since the devices are operated by human energy the input
nozse DPOWer was determlned from the Aﬂfklﬁg capa01ty of a normal

Operator,

Campbell(6) proposed that the power output of an adeguately

fed 35 years old “urOppan male dabour can be exprossed ag

HP = 0.35 - 0.092 logt ' (2)
where HP = Power outpu% of the labour, hp
t = Time of operation, min,
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s valed Tor % ranging from 4 mlnutnﬁpB hour

Iz

The equaiiocn

cver 8-hour  psriod 2 man can deliver work at the rate of

-

agsumed that,on 7 averase on operator can senerate power &%

the rate of $.10 hp over f-howr "period (e.g. IHP = $.10 hp).

+5h e

Although Bangladeshi labour cannot proﬁucp energy squal Lo an
Furopean labour, As 20 years labour can p“oduce 1555 more enargy
‘than 35 years old labour. So it is assumed that 20 years Danflude”hl
labour cén produce energy equél to 35 years of Eurppean labour.

As the same valﬁe used in all the devices for comparison, the

¥

result doegs not affected by the value used as input horse pover.

3+3.2 Zconomic Appraiszal
An egonomic snal s wag conducted %to determine the cost

was venefit=cost ratio de

d

Avmnval benafi . b
TAnnual cost to won and operate the unit.

Sines RBoro rice can nobt be ~rrown with ount irricatio
net return from culit i-ﬂtion can bhe a%tributed to irrigation
venefit. Hence, the annwal benefit of using the device was
determined by multiplying the command area Dy Der acre ﬁet

return from boro cultivabion.
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The maXximum possibls command srea of each svatem wag

btained Trom the nrevicus study reports.

~

income from boro culitivation in Thamrai zrea as obtainsd by

The annual cost to won and operate the unit can be

eXpressed as

Total Arnual Cost = Initial cost X CAF + Annual operating
cost + Annual mainienance coss.

where, Crp = Hix 1\2 - - - (3
(i + 1)7° - 1 :
CRF = Cagpital Réco-,qw - .Tactor -
i = Discount rate
n = Iife of the irrigation device

cost of the device. A discount rate of 15 was us~d in the anzlysis.

Gperating hours were determinad by using the Tormula,

1

gt = 28 ad | - {4)

where, g = Discharge of the device, 1/sec.
% = {ime of operation of the dev1cv, hrs.
a = Command area of each of the unit, hectre

d = Irrigation required for voro cultivaticnscm.

A
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Discharge was taken from the Head »discharge curve drawn

Ccorresponding to the maximum efficiency. Data on command area

was collected from previousg literature.

Irrigation required for boro cultivation wag taken from

the BRRI report as 22.40 inch (57 cms)(9).

Discharge capacity, possible command area, Initial cost,

Life, Ammual Maintenance cost and Annual operating cost of each

unit.” are included in Table 4, Appendix-3B,




CHAPTER - IV

RESULTS AND DISCUSSIONS

-4.1 Performance characterigtic of different devices

The characteristic curves of the study units are shown in

Figs. 12 to 22,

It is evident from Fig.ipthat the discharge of Dhone
varied from 7.6 to 3.0 litre/sec as the 1ift increased from
0.70 t0'1.4 m. The efficiency range is 50 to 7?%.

' Fig. 13 reveals that the discharge of Swing Basket varied
from 2.4 to 1.20 1/sec with the change of 1ift from 0.8 to 1.40 nm
respectively. The efficiency of the operation varied. correspondlngly
from 12 to 14%. Discharge was found fall rapidly upto 1.10 m then
theirate of fall decreased. ' ‘ -

The discharge of the Shaduf varied from 0.60 to 1.40 1/sec
as head decreased from 6.4 to 3.3 m (Fig. 14).The efficiency

varied from 15 to T2% 'respeetively.

The discharge of.BRRI‘Diaphragm pump varied from 5.20 to
2.5 1/sec. When head varied from 0.8 to 3.8 m (Fig.15). The
efficiency of operation varies correspondingly from 26.0 to 68%.
The slope of the head iersus discharge curve is steeper at lower
heads than that at higher (above 2.2 m). That ‘mean the

dlscharge reduces rapidly uyto 2.44 m, then the rate of fall

decreasges.
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Fig.16 indicates that the discharge of M.L.K.Prip varies
from 2.0-t0 1.0-l/sec ag the head ranges from 3.0 to 5;50 m; The
efficiency varies within the range of 75 to 887 .

The discharge of Hand Tubewell varies from 1.20 to 0.90 1/sec
ag the 1lift changes from 3.30 to 6.00 m(Fig. 17) The efflclency

varies from 52 to 68? The slope of the had discharge curve ‘ig

very small indicating that variation of discharge witb_ehange:of'

1ift 1a small.

The discharge of Rower pump varies from 1.00 to 0. 70 1/sec.
in the range of Iift_from 2.85 to 7.21- m(Fig.18)._The eff1c19ncy
varies w1thin the range frOm 37 to 71, The slope of the curve is
flatter upto 6.00 m indicating that upto this head the rate’ of _
change of discharge with the change of head is smaller than that“
at higher head. The rate of reduction of discharge decreases

beyond this heaa;w

The discharge of Twin Treadle pump varies from O.4. to 1.20
1/sec as the head decreases from 5.5 to 1.5 m(Figi9). The effici-
ency varies 29 to 33 . The rate of fall of discharge with the

increage of 1if% is more or less uniform,

The discharge of One Man Operated Diaphranm Fusip varies
from 1.50 to 0,70 l/sec with the change of 11ft from 3.00 to 8.00 m
(Fig. 20). The efficiency varies from 60 to 81% within the range
of 1ift. The rate of fall of diecharge with the increase of head

is more or less uniform,
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The discharge of Two Men Operated Gardening pump varied from
1.00 to 0.60 1/sec as the head increases from 3.7 to 7.40 m. The
efficiency varies correspondingly in the range from 25 to
35%.(Fig. 21). The nature of the curve is flaﬁter in the lower
range upto 6.00 m indicating the rate of decrease of the discharge

is low,'

Fig. 22 reveals that the discharge of the Two Cylinder Recipro-
cating pump varied from 0.74 to O, 55 1/sec in the rance of 1ift from
4.00 to 7.5 m. The efficiency varies w1th1n the range from 13 to 28%.

The slope of the curve is small indicating that the rate of change
dfrdischarge -§itﬁ the change of head is low. '

4.2 Optimum Operating Condition

Optimum operating condition here means head and discharge

corresponding to the maximum efflciency.

The optimum operating condition along with the associated

efficiency of each device are shown in the Table-1.

The digcharge corresponding to the maximum ‘efficiency was
determlned from the pibﬁed discharge and efflciency V3. Head

Gurves.

Peak point of the Efficiency Vs. Head Curve is the maximum
Efficiency. From this efficiency corresponding head was determlned
and corre8pond1ng to this head the digcharge Vs. Head Curveg of

discharge was determlned_and thig discharge is the discharge at

. - £
optimum operating condition,
discharge. efflclepcy
in O, / - © i
1/sec percent
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Table —~ 1

Optimum gperating .Gondition of %he Study Devices

Hame of the Devices Head Discharge Asscociated meximum
in in efficiency in %
ol 1/sec

1. Dhone 1.C0 5.10. 72.

2. Swing Basket i 1.20 | ' 1.59 _ - 14 -

3. Shaduf 4.50 1.20 72

4. BRRI Diaphram bump - 3.200 - 2.8{) . 68

5. M.L.K. Pump 400 1.70 3.

6. Hond Tubewell 5.00 © 0.90 67 .+

7. Rower Pump _ 6.0.0 - 0.80 ; 71

8. Twin-Treadle Pump 4.00 _ 0.6¢ - 33

S. Cne M2n QOperated . . _
diaphram oump ’ 5.60 1.00 81,

10. Two Men @perated
gsardening pump 6.2% .80 35

1. Two ¢ylinder _
- Reciprocating pump 700 0.59 : 28
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The possible devices within the 1ift range of O-1.5 m
are Dhone and Swing Basket. Dhone has the discharge capacity
of 5,10 1/sec at the head of 1,00 m correspording t0 the maximum
efficiency of 72% where és Swing Ba;ket hag the discharge of 1.50
1/sec at the head of.1.2OMm,inrespect to the maximum efficiency

“%ﬁf'$4%=only..1n this head range Dhone:was found to ﬁe the most

efficient Device having ‘discl .rge capacity 3 times and efficiency
5 times the corresponding values for Swing Basket. This is because
higher input energy is épplied in sﬁpporting_and 1ifting vater by
Swing Basket. | | |

The possible defices within the 1ift range of 1.5 to 4.5 m
a¥e BRRI Dis ph gm§puﬁp: M.B}K Pump and Twin Treadle pump. In
thig range ﬂ;I.K_pumﬁ is the most-efficient device. The'discq$rge
of this device is 1,70 1/sec 2% the head of 4.00 m corresponding
%o the maximum efficiency of 88%. BREI diaphragm'pump follows
M.L.K pump having the discharge and“head corresponding to thisg
effiéiency &3 2.80 17sec and 3.20 h‘reépectively to the maximum

efficiency of 68.04%.

The possible devices within the range of 1ift from 4.50 to
7.5 m are “Shaduf, Hand Tubewell;\Rowér Pump, One Man Operated
Diaghragm pump, Two Men “perated, Gardening pump and Two Cylihder
Reciprdcating Pump. The most efficient pump within this range is.
one Man Operated - dlaphragm pump having the maximum efficiency of
'81.0% &t the head of 5.6 m and the discharge at this head is
. 1.00 1/s.
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~
AL

Thiswas follewad, in the order by Shaduf, Zowar Pump, Tand

Tubewell, Two Mgp Overatad gnrc
. f

Reciprocating pwip having the maximum 2fficisncy of 72, 71,

67, 3f'and 28 % raspectively.

4.3 Teonomic Analysis
The resulis of the aconomic enalysis ars given in +he '

following table-2,

i R

Tablie-2
Benefit to cost ratio of study devices .
Hame of the Devices - Annual System Annual'lrriga— Ben=fit to
cost in Tk. tion benefit cost ratio

in Tk,

1. Dhone : 1763 21,520 12.26
2. Swing Bagkst® A 2458 5,405 2.20
5. Shaduf 834 1,802 2.16
4. BREI Disphram pump 3234 10,310 3.34

5. M,L.Z. Pupp . 2625 8,108 5.09
6 2

. Hand Tutewell : 1380 , 703 1.956
7. Rower Fump - 1715 2,703 1.58
Y2361 5,603 .53

1565 2,703 1.75

10, Two M21 Qparuied
Gardening pump 2773 2,703 0.97
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In the light of the economic analysis the following are

abserveable.
' i

‘The Benefit %o cogt ratio~of Dhonea wag the highest(12.26)
but itohbe used oﬁ;y upto 2 head of 1.5 p. Lifting of ‘water to
& higher head-by Dhone can be Possible by increésing the number
of stages. But economic g€ains might be decreaged if we increage
the number of stages. morﬁvoer the device can be usad only to
diveft surface water. In the same range of head SWng:Eéskeﬁ was

found to glve benefit-to cost ratio of only 2.20,

The benefit to cost ratio of the devices within head range

of 1.5 t0 4.5 m varisd" from 1 53 to 3.34. The BRRT diaphram pump
was found to give the hirshast tvenefit to co0st ratio. Thig might
be because of-its high discharge and command a;ea;cgmpared;ﬁoaQ

the 0ther two‘device.

In the head range of 4.5 t0 7.5 m $adnf wag *ound to give:
the highest benefit to cost ratio followed oy Hand Tubewell, one

man operated diapnranm pumg and;Rawen-EumP-

Two Man Overated Gradenine bump and Two Cylinﬂer Reciprocatinﬂ _

N4

pump were economically infTeasible to use,

(=]
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CCNCLUSICH AND RECCMD HEY DATT G

In the light of +the oowlur-aon of pumping eLflclenhy,
'euonomlo ana1jq1s and dlscharge 2t the optimum operatine

condltlon_thv following conclusion m2y be drawn,

Withiﬁ; O0-1,5m liftihg height 'Dhone'! irripatidh device found
to;ﬁﬁé most ef~101ent and economlcally attractive, Swing ‘
bagket needs greater operational energy because it requlres 7 J
two men to lift the water. A1l the weight of water lifted is
carried by the operators themselvos. Both efficiency and benefit
'to cost ratio were found to be very low. Hence it ig strongly

discouraged. p

‘Upfo . 3.0 m 1ift BRRT Yiaphram pump was found to be the
best dev1ce in term of rated capacity, efficiency and economy,

It should be noted that BRRI Diaphram pump can efficiently be used

within the heag range of 1.5 to 3.0 m. For higher head 3.0 4o 4.5 m

M.IL.K. Pump can be used,

When 1ifting of water is required w1th1n the range of 4.5 to
5.5 m Hand Tubewell was found to be the most efficient device but

the benefit cogt ratio of Hand Tubewell wag found to be 8lightly
less than that of Shaduf.
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Appendix - 4

1

- The Head versus discharge data of Dhone swing Basket,

[42]

o~

gﬁaduf, BRAT dim?haum'pump, Hand Tubewell, M,L.E. Pump, &and
Twin Treadle Pump as collected from literature soﬁrce are given
in the table 3 to 9. That of Rower pump, one man Cperated
Diaphram pum;; Two Men Operated Gardéning pﬁmp. Two cylinder
Reciprocating pump &s obtained from pump test ére also given

in the tatle 10—{3.
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Table - 3

Performance ¢f 195 inch length Thone {1
[

Lifting Averzge Discharge ' Efficiency
height | : : in @ ,

in m in ft or in cusec in zpm{ 17, 8} _EP :_EEET5”

inch 1/sec 250(IAP

0.71 28 0.269 7.62 120.66 T
0.79 31 0.231 6.54 103.83 68
0.84 33 0.213 6.035  95.97 66
0.89 55 0.202 - 5.72  90.85 &7
.96 38 0.207 5.86 93.02 74
0.99 39 0.196  5.55 &§7.97 72
1.02 40  0.191 5.41 £5.86 72
1.09 45 0.164 4.64 73.66 56
1.17 46 0.153 4.33 68.75 66
1.22 48 0.143 4.05 64.40 65
.27 50 G.124 3.5 55.56 59
1.37 54 0.098 2.77 44,20 50
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Table - 4

ct

Performance of swing haske

Lifting Averége disch&rge‘capacity
height T
in % in® - cusec gpm(T.3)

or : '
inch

42 1.07 0.067 30.08

44 1.12 0.060 26.24

47T 1.19 - 0.053 - 2%.80

31 0.79 0.092 41 .31

33 0.64 0.0873 37.27

36 C.91 0.074 33,25

49 1.24 0.042 18,86

54 1.36  0.052 23,35

57 1.45 0.044 19.76
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Table —'5

Performance characteristic of shaduff2,s)

Tifting height Average discharge . )
: . Efficiency
in inch inm in cusec in gpm(VU.S) in 1l/sec =,
ft . o An P
12 3.66  0.0483 22 1.36 85
16 4,88 0.040 18 1.13 72
20 6.10 0.022 10 0.63 49
Table - 6 g
~ 5 - ¢
Performance characteristic’ of BRRI Diaphram Punp(7) LE
Lifting height Average discharge Bfficiency in %
in £ in m in gpm(U.S) in cusec in 1/sec
2.55 0.78 82.88 0.18 5.2% 26 -
T.48 . 2.28 57.68 0.13 3,04 55
3 .64 3.00 55.66 C.12 3.51 67
12.46  3.80 38,46 . 0.09 2.43 64
i




Parformande characteristic of FLTUE. Dump(7)
Tif4ing neizht averags diacharge . _
in it inm in gpm{U.S) in cuse in 1/sec E%gfg;emcy
G.69 2.65 33%.00 0.07 2.08 £G
12,95 3.95 27.70 0.0€ 1.75 83,
18.04 5.50 16.80 0.04 1.06 82
Table‘h 8
Ferformance chérécteristic of a‘Hand Tubewell (Heﬁ) (1) 
Lifting height Average diséharge Effiency
in inch in n in gpm{U.3,) in cusec in 1/sec in %
120.80 3.05 16.88 0.0433 1.23 49
144,36 3.68 19.43 0.0424 1.20 58
15%.00 4:04 18.34 0.0386 1.09 58
180.00 4.57 17.19 0.0383 1.08 55
186.00 4.72 16.06 0.0539 .02 673
194,04  4.95 15.67 0.0339 0.96 62
209.04 5.31 14.85 0.0340 0.96 67
219.00 5.56 14.45 0.0322 0.1 &7
219.00  5.56 C15.44 0.0%44 0.97 66




Lifting heizhi Average dischares Bffieciency
in ©% in m in zom(T,8) in cusec in 1/ss0 in 7

5 1.52 18,85 0.C4 1.2 24

10 3.05 12.57 0,028 0.8 32

Table - 10 R

Performance characteristics of iower Pump

Lifting height - average discharge : Efficiency

ir inch  irn m  in gpm(T.3) in cusec in i/sec

112.50 2.86 15.72 G.035 .89 37

171.48 4.%5 15.27 0.034 C.96 .55 -
235,68 5.6 14.37 0.032 0,91 g o
283.92 T7.21 - 11.23 0.025 C.T71 67




iy,

Ferformance charachteristics of one man operatad diaphram pump

Lifting height Average’ discharge . Efficiency
. . . - . , in ¢
in f% in m in gpm{U.S} in cusec in 1/sec ,
9.82 2.99 24.24 0,054 1.53 50
14.29 4.36 19.75 0.044 1.25 71
. _
18.75 5.72 17.06 0.038 1.08 31, .
24,11 7.35 12412 0.027 0.76 T4,
.Table - 12 .

Performance characteristic of Two Men operated gardening pump

Iifting height Average discharge .EfficieﬁCy
‘n o

in £t in m in gpm(U.3) in cusec in 1/sec *

12.5 3.81 15.72 0.035 0.99 25

16.96 5.17 14.37 0.032" (.91 31

20.54 6.26 13.47 0.030 0.85 ‘ 35 -

24.11 7.35 9.43 0.021 0.59 . - 29
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Table - 13

Performance chzracterisiic of Two Cylinder Reciprocating Pump

Lifting height tverage discharge Effieienéy

Cin £ in m in gpm (U.S) in cusec in 1/sec in %
9.82 2455 11476 0.0262 0.74 157
15.18  4.63  10.19 - 0.0227 0.64 20,

20.50  6.25 £.89 0.0198 0.56 23
25.00 7.62 8.75 0.0195 0.55




Appendix -~ B

Table - 14

OPerational cost of the study devices

rame of the Devices

. Discharge Command Initial | Iife’ Annual Annual operan . ...
_ Q area cogt : maint. cogt
in cusec in acre cost in 9 of
' initial
- cost
. Dhone 0.187 4 600/~ 4 10 1,500/~
P, Swing Basket - 0.0579 1 75/- 2 10 2,400/~
5. Shaduf 0.0356 ¥ 250/~ 2 10 . .655/=
. BRRI Diaphram pump 0.1046 2 1,500/~ 5 10 2,675/~
5. M.L.K. Pump 0.0579 1% 2,500/~ 6 10 1,800/~
p. Hand Pump 0.0334 T 1,000/~ 6 10 1,050/~
. Rower pump 0.0316 ¥ 8,000/~ 2 10 1,100/~
8. Twin Treadlie Fump ©.0233 2 -500/“ 2 10 2,003/
B, One Man Operated '
+ diaphram pump 0.0345 + 1,800/~ -7 10 1,025/f
0. Two Men Operated : _
_'gardening pump 0.030 ¥ 1,500%— 7 10 2,325/-
1. Two cylinder Recipro- '
cating pump 0.0194 - 2,000/~ T 10 2,400/-

- 86 - .
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Appendix - ¢
Table - 15

Growth phase wise water raquirement of rice in Boro,1983

et e g

S oy e b s e e

Treatments Seedling estahlishment Tillerine stage Bootins to milk gtages
1 vater — Rain- Total  Waber Rain- Twained Total Water  Rain Drain~ Total Soft Gran
applied fall applied fall out apprlled fall ed out deocugh tota
(cm) {em) (cm) (em) {cm) (cm) (em) (em) (em) (cm) {em) to (cm
harvest
Continuous
standing
vatexr - . . : ‘
[5=T7 cm. ) T.41 1.01 8.42 42.00 " 16.23 - 58.23 39.69 35.30 - 15.0 12.22 154.4
Baturated - '
:ondition 7.41 1.01 8.42 '26;46. 16.23 6.13% 36.56 10.05 35.30 22.84 22.51 12.82 80.3%
nter- | ' - '
pittent .
irrigation 7.41 .01 8.42 24.00 16.23 - 40.23% 15.72 35.30 - 51.02 12.82 112.4¢
P
/;:)*%g \
A d
‘;\J-h
P
I BN
e
P Ny
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