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ABSTRACT

Wind Pump drip irrigation is a system that is not documented but developed to link the
theory of wind regime, wind machine and drip irrigation to deliver low but frequent
applications of water to plant roots for clean energy and to exploit advantages of drip
cfficiencies. This was by synchronizing wind speed, wind pump discharge, and
evapotranspiration. At Lake Victoria Shore (5700 Km?) Kenya, the challenge was lack of
adequate wind speed data obtained only at Ahero, Kadenge, Kibos, Muhuru Bay, Rusinga
(2m height) and Kisumu at 2m and 10m heights for the large area. Rusinga had 2m height
data and a pre-installed wind pump while Ng'ura site lacked wind speed data but a wind
pump was installed. The objective of this study was to determine wind potential and estimate
water discharge from variable wind speeds for use of a wind pump drip irrigation system at
the Lake Shore. This comprised design and installation of the system at Ng’ura, collection of
actual wind speed and discharge data from Rusinga Island. A survey map was used in
positioning the pipeline, dug well, water tank and the sedimentation tank at Ng'ura. Field
performance of the horizontal axis wind pump coupled to a drip-irrigation system was done at
Rusinga Island. A total of 39 test runs was done in a period of 20 days. The actual data from
Kisumu and Rusinga were respectively used for the development of percent wind speeds
availability and to select the best of the existing instantaneous discharge equations. A fitting
statistical distribution (Weibull) model for use with power law index (o) parameter for
increase of the wind speeds with height was identified from the Lake Shore (LS) data. It was
established that the wind speeds (2m) within the Lake Shore were consistent, fitted the three
parameter Weibull distribution and the predicted 10m Kisumu wind speeds from 2m
compared well to the actual 10m with an average R? of 0.83. The power law index (o) was
0.4 for the Lake Shore, 2 times the actual (0.8) for Kisumu, negatively related to power law
index () and location. The winds speeds at the Lake Shore showed greater potential nearest
to the shoreline with less frequent change of direction. Height of placement of the wind
turbine needed to be increased with reference to distance inland and shore line. A Weibull
model parameter scale factor (c) for each station was determined and found useful for
estimating wind speeds at 10m from 2m using a Weibull model and power law index (a).
Particularly, hourly wind speeds for one year for every month was adequate for estimating
the wind speeds at a location. The wind speed range percent (WSRP) availability table and
the conceptualized model (Q = K (X V;R;) discharge equation (which compared well to the
existing instantaneous wind pump discharge equations) developed is for predicting wind
pump discharge and wind strength time limits for irrigation duration. The accuracy of the
predicted discharge improves with the length of the hourly wind speed, the startup pump
rotation speed and the measuring equipment. Additionally, the wind speeds at 2m height at
Ngu'ra were greater than 2m/sec and reasonable for installation of the wind pump.
[nstallation required knowledge of locality/topographical map and Lake Victoria water levels
which lost 0.5 m depth at Ngu’ra, estimated to be over 40 m in horizontal distance for data of
over 40 years. The Ng'ura reference evapotranspiration (ETo) averaged 4.1 mm based on the
LocClime Estimator and compared well with that calculated for Kisumu, Kibos and Kadenge.
The wind pump drip irrigation system development and installation approach for Ngu'ra
therefore can be used elsewhere along the shore as a guide. It was also established that a




Zirect coupled wind pump to a drip-irrigation system with pressure compensating emitters
was technically feasible due to the drip irrigation emission uniformity efficiencies achieved.
I'hey were acceptable within standards as they ranged between 93% in the morning to 94% in
he afiernoon for the 39 test-runs made. Wind regime, wind pump performance characteristics
and type of emitter discharge were noted as the critical parameters for the system design. The
#ind pump drip irrigation as an agricultural production frame work put forward in this study
basis for exploitation of wind as the green energy. However there is need to enhance data
capture in form and format for precision in use of the method as a technology

8%
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CHAPTER ONE

GENERAL INTRODUCTION

Background
“%e Lake Victoria shore is endowed with vast resources as evidenced in the report of Lake
+ wztoria Environmental Management Project (LVEMP, 2005a and 2003; Odada et al., 2006).
“wange and Obiero (2006) assert that “the Lake Shore’s main natural resources include;
“orests. minerals, water, agriculture and wildlife”, wind is not considered as a resource. Lack
¢ &2tz on wind for the Lake Victoria shore in Kenya also contributes to this notion and
Sewefore limits its proper assessment, knowledge and utility. It is therefore important to

umcersiand the key features of the lake and their role in wind circulation and the wind energy.

_axe Victoria is the reservoir that maintains the basic flow of river Nile. It is the first and
second largest freshwater lake in Africa and the world respectively after Lake Superior in the
_muted States of America (Azza, 2006; Awange and Obiero, 2006) and occupies an average
ez of 68,750 km? covering parts of Tanzania (49% of lake area), Uganda (45%) and Kenya
£, The catchment area of the lake (194,300 km?) is large and extends to parts of Rwanda
#nc Burundi. The basin is at 1,134 m above sea level and is relatively flat and shallow with a
maumum depth of 84 m and a mean depth of 40 m (Rabour ez al., 2003; 1998). It is 400 km
= the N to S direction and 210 km E to W, with 3500 km of shoreline (UNEP, 2005;
S.pkemboi, 2006). It has a number of Islands, with irregular shorelines, shallow bays and
zulfs. The Kenyan Lake Victoria gulf is fed by Rivers Sondu, Nyando, Nzoia, Yala and Kuja-
M ;::-ri apart from the numerous smaller rivers. Generally, direct rainfall and evaporation

“om the surface of the lake dominate its water budget (Azza, 2006).

The climate of Lake Victoria catchment area is mild with small variations in monthly average
z2ir and daily temperature between 15°C and 30°C throughout the year (Romero et al., 2005;
Njiru ef al., 2006). Rainfall in this catchment area averages 1,300 mm annually, varying from
~.000 mm in highlands to 1,000 mm along the Lakeshore (Aida, 2009). Rainfall exhibits a

simodal pattern with long and short rainy seasons in the period of March to June and October

% December, respectively. The physical features which contribute to the wind energy




e wothin the Lake Victoria catchment include topography, land area, water bodies and

SETlemerrs

% e other hand wind speed (has kinetic energy) is the major driving force in wind pump
“nw smazztion (WPDI) system. Wind energy potential and irrigation are affected by physical
Ssmuees. weather, crop characteristics, soils, water quality, quantity and availability within an
w=s. These factors influence discharge from the wind pump, wind speed and reference
svaporranspiration (ET,). The general overview below looked at these factors with reference

W @ne Kenvan Lake Victoria Shore.

sepotranspiration rate (ET,) from grass or alfalfa surface is referred to as the reference
svapoeranspiration (ET,). It is the combination of soil evaporation and crop transpiration and
% w=ced by environmental parameters, crop characteristics and management. The ET,
somcspe at a specific location and time of the year is independent of crop characteristics,

mamazement practices and soil factors (Allen et al., 1998).

"

s commonly computed from weather data due to the difficulty of obtaining accurate

kh

=i measurements, as will be for the Lake Shore LS case. Empirical or semi-empirical
sguatons have been developed for use with meteorological data. The FAO Penman-Monteith
metnod s now recommended as the standard method for the definition and computation of

e reference evapotranspiration (Raes, 2009).

The wind speeds on the other hand must be assessed for wind machines to be installed, which
s measured (meteorological records or direct site measurements), estimated or described by
sunable local knowledge or statistical distributions such as use of Weibull distribution
Sabok. 2001). Taking on-site measurements for a period of time can be used with the
searest meteorological station to correlate the long-term data to the site. This is necessary in
Jetermining the type of a viable wind machine or battery storage capacity in case of electrical
semeration. Estimation and the statistical distribution analysis are the fundamental approaches
n this study of wind speeds for wind energy at the Lake Shore (LS) and even in Kenya today.

This is due to the poor status of records and equipment.

Campbell scientific Inc. (1997), states that all agricultural meteorological stations use the 2

meter anemometer as the standard height for estimating water use from crops. World

Meszorological Organization, WMO (2006) on the other hand recommends that wind




Sesseements should be taken at a height of 10 meters and above where there are no

ssmesoms. Along the shores of Lake Victoria wind speed measurements are by the 2 meter
Yo oup amemometers (Kabok, 2001). These are used when measuring mean wind speeds
Sewesm two readings divided by the time interval (daily at LS)- This is a challenge for higher
S woand energy prediction purposes. Though in WMO (2006), it is stated that 3 years of
S seezned gives reasonable averages, knowing that monthly average wind speeds can vary
™ semween 10% — 25% from year to year. This is not appropriate to the LS because of the
Sz svailable. Other types of anemometers as recorded in Campbell scientific Inc. (1997)
“how mstantaneous meter readings (for example the spinning cups driven either by DC or AC
shemmasors with digital displays). Campbell scientific Inc. (1997) further states that
smaments that measure wind speed instantaneously are not good for finding the average

% speed unless recorded and stored 24 hours a day. Also those anemometers having AC

wiemanors, which measure frequency, are more accurate than those with DC generators.

aizy. most instruments with data logger’s measure and store wind data and give wind speed
msmamtancously. They can collect, process, and store average wind speed, elapsed time, pick
et and wind power density. Some advanced recorders can store the amount of time the
wome was calm, which is useful for sizing batteries for stand-alone systems, and the time the
wimss were above the cut-in speed of a typical wind machine. This is a challenge in the

S.emvan gulf and most of the developing countries due to lack of appropriate instruments.

% windmill comprises of an installed rotor on tripod tower, its base and a reciprocating water
sump. The discharge performance from a wind pump is estimated through performance
~owrves and tables developed by manufacturers. For instance Table Al.l in the appendix
miicates the average daily output at different pumping heads and average speeds designated
e “light” 2-3m/s, "medium" 3-4m/s and "strong" 4-5m/s (Bob Harries Engineering Ltd
SHEL]L 2008). Fraenkel (1986) asserts that the manufacturers' performance curves and
t2bles are often made to be impressive but are inaccurate, unreliable or even incomplete in
Zzta. Although, at times low performance occurs due to inapplicable pump size or stroke,

which when changed can result into an improved performance.

To irrigate a crop by a wind pump; the discharge on wind speed availability with time of the
22y, week, and month or season should be calculated. The estimate of wind pump

performance combines data of hourly average wind speeds with wind velocity distribution




S or the number of hours in the month that the wind blows within predefined speed
“Smemie. 1986). In other words the output of a wind pump in various wind speeds is
Wi by the statistical average number of hours that the wind blows within each speed
mames or speed "bin" output per hour at that speed and the number of hours speed recurs).
% oF smmual average wind speeds needs a margin of safety in the calculations (depending

W ase of water). The sum of all bin outputs gives the total annual output for water use.

“Ws owmput can also be achieved graphically by using the velocity frequency distribution of
S wond regime and multiplying by the windmill performance characteristic to obtain the
smerey owtput as is illustrated in Fig B1.1 in the appendix. The curve and the tables approach
wiem wsed are unreliable because the method is as good as the wind and performance data

simiasie. A simple rule of thumb when adopted for cross check, assumes that a wind pump
S om average, is 17% efficient in converting wind energy into hydraulic output (Brown,
W% 2s given by equations 1.1. This in many cases gives a good estimate of the losses in a

wams pump system and the total efficiency.

where: P = Power (kW), V = Wind Speed (m/s).

e predicted output by equation (1.1); rule of thumb is in the range of 0.6 to 1.6 greater by
wse of the constant 0.1 and mean wind speeds. The sum of the efficiency factors vary from 7

27" of the value converted to hydraulic energy (shaft, shaft - pump, pump, and actual
wind enmergy to wind energy). The 17% overall efficiency used in arriving at 0.1V rule of

“mamt would hence vary with different wind pumps and wind regimes by plus or minus 10%.

Statement of the Problem
_axe Victoria has resources that are being exploited for the benefit of the people around it.
“mong them are fisheries, agricultural activities and transportation. Wind energy is not fully
suploned due to lack of awareness coupled with limited data on its distribution and potential.
Therefore, there were gaps that required a study on its viability for application in irrigation.
This should include relationship of the temporal and spatial variations of wind speed to

Suscharge for crop water needs. A conceptual framework that synchronizes the wind speeds

somwersion systems to discharge and drip irrigation (parameters/governing equations) is




Samsidemsd 2 new phenomenon that was proposed/investigated to solve the challenges of

wmer wse efficiency and the WPDI farming technology need. The demand for irrigation is

S W chanze in climate and seasonality and need for food security.

W e preesent data, the Weibull equation has been applied for Kisumu and the available Lake
e sations at 2m height and generalized for wind speeds for the entire Lake Shore. This
was mecause of need for a method (statistical distribution or otherwise) that enables the
wediction of wind speeds from 2m to 10m (the expected windmills height) which is
wpicable for the entire lake shore. The other contributing factors to this were varying effects

vegetation, terrain, and settlements and data inadequacy. Essentially there was no
wasomship for predicting wind pump discharges from varying wind speeds. Neither the field

permance of a wind pump drip-irrigation which is not documented for the Lake Shore.

L3 Objectives
The broad objective of this study was to determine wind potential and estimate water
Sscharge from variable wind speeds for use of a wind pump drip irrigation system at the

_ae Victoria shore—Kenya.

e specific objectives are:

To determine wind speed variations at the shore of Lake Victoria, Kenya.
2 To develop a relationship for predicting wind pump discharges from hourly/varying
wind speeds.

To evaluate the field performance of a wind pump drip-irrigation system.

L2 Research Questions
How are the wind speed variations at the Lake Victoria shore in Kenya?

2 Is there a suitable relationship that can be developed between wind pump discharges
and hourly wind speeds?

What are the precedent aspects, installation parameters and performance efficiencies

'or a wind pump drip-irrigation system at the Lake Victoria shore?




LS Jestification

N = = important green energy resource in the world today as well as drip irrigation
wemeiosy which has advantage of economic use of water, labour, and significant in
Mssmmatle  socio-economic and ecological development. It is noted that wind data
Wiy 1s critical in making decisions on the installation of the wind pump irrigation
semmms. However, the Lake Victoria shore in Kenya has inadequate meteorological stations

susmie for estimating wind speeds for determining energy and water discharge for irrigation.

%0 #e Lake Victoria shore wind speed data is measured at 2m height except for the Kisumu
suom while wind mills are installed at a minimum/referenced height of 10m or higher.
Semes the daily wind speed measurements are inappropriate for determining discharges for
Swwiason of irrigation depth and duration for wind pump drip irrigation (WPDI) system.

Themstore. it is necessary to determine wind speeds, their time interval, discharge and

)

wieemce evapotranspiration ET, for the installation and use of the WPDI system. The
semable data was inadequate in duration, time interval and form. It was also captured with
seppropriate equipment to enable analysis of the WPDI system. The daily measurement as
sesctced in Kenya depicts a large variation of wind speeds when averaged .These imposed

e mesd for estimation of wind speed and discharge, by use of existing data and knowledge.

s=zation area and interval. Therefore there is need for use of governing equations that relates
wmd speeds and discharge, irrigation area and depth in WPDI system. Aspects such as water
swzlzbility (quantity and quality), suitable topography, and parameters related to soil and

smop meed to be estimated or adopted and tested for installation of WPDI technology.

Thes research seeks to utilize wind energy, wind pump and drip irrigation in an area where
soe wind data and the relevant parameters (Wind pump discharge relationship, Wind speed
Surztion, ET,) for the system are limited. It also fills the knowledge gap and brings into focus
e scientific theory for preparation and installation of a wind pump drip irrigation system.
% though the study focuses on the gulf on Lake Victoria Kenya, the findings of this study are

soplicable to similar type of environment and also where adequate data are available.

Dwe 1o lack of modernized and adequate meteorological recording equipment data

svalzbility at the Lake shore will still be a challenge even in future. Hence, methodology and




Seches for prediction or estimations needed to be improved through further research for

S Semett of agriculture or in using wind mills as one of the green energy technologies.

Sy ws ascertained by Kabok (2001) that the limiting aspects to drip irrigation system
w= wome pump, wind regime, area to be irrigated and other irrigation parameters These
s would definitely affect any other irrigation method when using a wind pump. It is

Semetore intended that an adaptive training/monitoring be done to this system together with

B =chmicians and farmers.
“s should be to ascertain the technical options and later gather and consider the economic
sinliey of the options.
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APPENDIX

Amount of Water Delivered per Day (mJ) by Kijito Wind Pump Models
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CHAPTER TWO

LITERATURE REVIEW
>3 Wiad Pumps
=L1 Wmd
s mr circulation (wind) across the surface of the Earth is caused by convective currents

S sremate from sun’s rays; solar radiation heats the earth’s surface and the surrounding
W8 e warm air rises to the atmosphere and the cool air returns to the Earth surface
Sssmen e al, 2006). This cycle is continuous and air in motion is described as the wind

L L R 3

Wi sudies have been done to document types of wind on the earth's surface which
Wies the general atmospheric circulations that occur above the atmospheric boundary
e 281, the transition zone between the surface and the free atmosphere, Schneider
e Tzllev (2010). Notably, a British scientist George Hardley in 1735 suggested that
Swsw = wond circulation between the equator and the tropics (Hardley circulation) where
e = located This phenomenon is caused by higher temperatures between the equator and
B wer iemperatures in the northern and southern hemispheres which are 30° N and 30° S
wspectvely. The other forms are the subtropical jet streams due to coriolis force, monsoon
Seowianon due to trade winds, tropical cyclones (trbpical disturbances), and the Rossby
Seswiation due to the wavy westerlies in the southern or northern hemisphere (American
Nt Society [AWS] scientific, INC. CESTM., 2009). Large water bodies and landforms

250 piay a role in the atmospheric movements.

~ e rze-scale weather systems and wind patterns therefore form the framework upon which
S ocal factors such as topography, vegetation cover and type of settlements influence the
senuel wind conditions in an area or local circulation as a source of wind energy. The case of
e Lake Victoria Shore can be taken as local circulation. The factors that influence the air
S o the area are: turbulence (eddies), nature of the underlying surface roughness (wind
shear . heating and cooling (breezes), topographic features, nearby forests, buildings, rainfall,
_ae w0 land (breezes), thermal changes; heating or cooling gradients due to locaﬁon and time

w e carth's surface. Another factor is the mountain valley circulation due to hill ranges near
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W e These circulations arise because the solar radiation heats the hill or valley slopes

T L=

hereby creating pressure differences;

ctoria (68,750km2) with her characteristics (Table 2.1a) experiences sea breeze

Wsms which are dominant over other general circulations throughout the year (Flohn,

W The general flow is southerly during northern summer and northerly during northern
Wi This is within the view of the atmospheric circulation normally described as plenary
W ge=saiing, local winds or local general circulation for their dominant and relatively
S characteristics that are observable (Van Vilstren, 1980, Hankins, 1989).

SWella:  Lake Victoria Surface Area, Shoreline and Basin Area per Country

C e Lake Surface Shoreline Catchment area Basin

Area

Km* % Km % Km® %
o 4,113 6 550 17 38,913 i
R, 33,756 49 1,150 33 79,570 44

o 31,001 45 1,750 50 28,857 159
- 0 0 0 0 20,550 11.4
- 0 0 0 0 13,060 7.2
- 68,870 100 3,450 100 180,950 100
Ssarce: SIDA, 2004)

Table:2.1b:  Lake Victoria Characteristics
Character Units
Volume 2,760 km®
Mean depth 40 m
Maximum depth 84 m
Maximum length 400 km
Maximum width 212 km
Mean width 174 km
Shoreline 3,440 km
Flushing time 140 yrs
Refill time/residence time) 23 yrs
Annual lake level fluctuations 0.01 —1.663 m
(Source: Crul,1998)

12




=12 Energyin Wind

% nd energy is a product of air movement surrounding the earth up to approximately 64 km
= zltitude. 1 has been used by many civilizations dating back to the 18th century industrial
s=wolution for power generation, (Ragheb, 2008). This technology is available in many parts
o the world and has evolved as in Table 2.2. WMO (1981) provides historical evidence of
% use of wind energy along the River Nile, China, Persia and the Middle East region, some
cemturies Before Christ (BC). Later it spread throughout the Mediterranean and was
miroduced in Europe in the 11th Century. The Dutch later improved its use and by the
sezinning of 20th century, steam and combustion engines gradually replaced the wind

machines but their presence has remained in the rural areas (Cutler, 2007).

% =d energy has been modified many times to challenge the conventional sources as one of
e renewable  energy sources which is used to pump water, grind grain and to generate

seciricity among other uses.

Table:2.2:  Historical Development of Wind Energy Conversion Systems

Perind Machine Application
1D Persian Wind mills Grinding
Besiore 1200AD Chinese type Sail wind mills Grinding, Water Pumping
~% Century AD  Dutch Wind Mills Grinding, Water Pumping
W0 AD Dutch Wind Mills to America
#5010 1930 AD American Multi-blade Water pumping. 35 VDC power
82 AD Brush Wind Turbine; 12 kw Electric Power
Dia 17m, Tower, 18.3 m
525 AD Jacob's three blade Propeller, 0.8 t0 2.5 KW at 32VDC |
Dia, 5m, 10 -20 m/h,125 to 225 rpm |
S AD Savonius Machine Mechanical or Electrical Power |
=1 AD Yalta Propeller, Russia; 2 blade, dia, 100 KW
33m
51 AD Darrius Machine Electrical Power
1A Smith -Putnan Propeller, 2 bladed, 1250 KW
dia 58m, 30 m/h, 28 rpm |
='s AD 2 bladed Propeller (commercially 225 KW |
Available)
2 AD HAWT, VAWT 400 -625 kW, 1.210 3.2 MW

Searce: Kedare, 2002)
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s =AW is horizontal axis wind turbine, VAWT is vertical axis wind turbine and VDC volts
S sument. AD is Anno Dominni (year of our Lord-number of years after Christ) KW is

O ET
W & Sowingz mass of air (wind), the kinetic energy is given by %mv2 where m = mass of air
We v = Velocity of air (m/s) (Yao er al., 2011). The instantaneous energy available is given
i P fometic) = %,L)Av3 = 1 (pv?A) v where P= power and A= area, p= is air density and v

% W wind speed/velocity. The factors that affect the wind characteristics also affect power in

NN system, for example power variation with height as is given in equation 2.1 below.
D H 3¢
S — @.1)
Wiems s power at a certain height (H), P, is power at reference height (H,) and o is an
Eaent mdeXx.

“ e Wi rotor extracts wind energy as it slows it down, too much slow-down means the air

Sismm may flow around the rotor. A balance must therefore be reached and the maximum

S s ewrracted when the wind velocity in the wake is one third of the undisturbed wind
ss=wm  De Jongh and Rijs, 2004; Horia, 2009). The theoretical maximum fraction extracted
Bowes s or 59.3%, called Betz limit in honour of Carl Betz (1926) who derived the
e gvven by

W practice the fraction achievable is less than 40% because the efficiency of the WEC’s

Wir s reduced by fluctuations in wind and wind direction (Ragheb, 2011).
" =Fects have been developed into a rule of thumb for a first estimate of the output of

e pumping wind mill (WPWM), wind to water at a location with average wind speed (V)

=
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Pyater = 0.1AV3(wW)or

0.1v3
g (2.3)

_? =
% wse of the relation P =QpgH (W), where p= 1000 kg/m3 g = gravitational force Q-
=Sischarge and H is the head. Equation 2.3 formed the basis of the derivation and use of the

mstantaneous discharge equations.

% =2 speeds vary with height and increase away from the Earth’s surface due to less friction
ssuwsed by turbulence over and around obstructions such as buildings, mountains, and trees.
% = machines therefore are placed on towers so that the rotor’s bottom edges are at least 10
memers above and 100 meters away from any obstruction (Sagrillo, 2005). The use of a larger
wwer helps in overcoming the effect of surface roughness. Power in a wind machine,
sowever is directly proportional to the wind speed and air density. The change in density of
W air, decreases with altitude (Table 2.3) and varies from season to season by between10%

5%.. Lake Victoria basin is at 1,134 m above sea level with a maximum depth of 84 m and
& mean depth of 40 m (Holli Riebeek, 2006).The altitude affects wind power output as wind
wescs are reduced by about 10% for every 1,000 meters above sea level (Fraenkel, 1986;

_amstina et al., 2009; Benjamin et al., 2010).

“s opposed to changes in air density, changes in the swept area of the rotor significantly
“mamge the power. Doubling of the rotor area doubles the wind power. Since the power output
* 2 wind machine is proportional to the cube of the wind speed, power increases eight times

waen wind speed is doubled (Argaw et al., 2003).

Table:2.3:  Variation of Air Density with Altitude above Sea Level

Simsde(m) 0 152 305 610 915 1524 1829 2134 2439 2744 3049

1 099 097 09 09 08 082 079 0.76 0.73 0.7

Searce; Argaw et al.,, (2003)

"% air density correction factor for Lake Victoria can thus be estimated from the determined
shmude of 1134 as 0.87.




=3 Wind Energy Conversion Systems (WECs)

W emergy conversion systems (WECs) are wind machines which convert wind energy
s fo work (output) (Van Vilstren 1980; Hankins 1989; Kedare 2002; De Jongh and Rijs
W& They are made of common components namely the rotor, shaft, gear or crank
Weanism, towers (tripod or guy wires), steering and storm protection mechanisms (vanes).
“Simction has been made between large (WECs >100 kW) and small (SWECs < 100 kW)
W8 meferred to as wind turbines or wind pumps. The orientation of the rotors further
Ssimzuishes them as vertical axis or horizontal axis WECs. The vertical axis WECs have the
WSS i the vertical plane and the blades sweep in the horizontal plane, while the horizontal
s WECs have the shaft in the horizontal plane and the blades sweep in the vertical plane;
W Sam be upwind with tail vane or downwind without tail vane (Barakati, 2011). Examples
W Swrontal axis WECs are: the multi-blade water pumping windmill, the upwind three
Wi sotor and the downwind four blade rotor. Examples of vertical WECs are: (a) Darrieus
* Savonius and Cyclotube. The vertical WECs accept wind in any direction and are
Wmeded as not very efficient (Yao et al., 2011). The WECs can be used for other purposes

St == powering compressors (Synman, 1980).

W Semva the Global Wind Pump Evaluation Programme (It Power Ltd, 1987; Kruger
“amsaie 1993) summarizes the development of WECs. The white settlers introduced them at
S Sezinning of the 20™ Century using mainly: the Climax, Southern Cross, Comet,

~mpsier, and Aero motor Machines. Their use was mainly concentrated around Nanyuki,
“wet. Kitale, parts of the Rift Valley and along the Coastal region of Kenya. They were
smpermed until the seventies when significant efforts were made to design, develop and

ssmmercially manufacture them locally.

% Sewelopers included UNIDO/KIE Project along the Lake Victoria shore (Kenya), Pwani
“mcators along the Coastal region, University of Nairobi Research/NCCK Project, Mbita
Wissiom along the Shore of Lake Victoria, Kijito Wind Pumps (Thika), in co-operation with
"0AC of the United Kingdom, Salvation Army (Thika) and Homa Hills Centre based along
e shore of Lake Victoria. Today Kijito and Pwani fabricators are still operational and are
Wamusacturing specific wind pump designs for use in Kenya and other regions in Africa.
e mecently, Bob Harries Engineering Ltd. has been involved in the development of a
Smes of small Wind pumps called the Kijito “2000” Series (Mike, 2002). In this study the

Sinenal axis water pumping windmill is used for drip irrigation because of its availability.
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=2  Wind Variation with Height
=21 Wind Characteristics
e mterest on wind characterization studies emanated from the extractable power potential

“r e needs of man. The characterization of the operation of the WPDI is not an exception

W s 1o be done with respect to the day spectrum of a wind speed interval. This is linked to
B¢ capability of WPWM in transformation of wind to discharge and to irrigation
Swasacteristics. Though, much of the characterization efforts have been limited to the electric
mrwmes. Statistical characteristics of boundary layer wind speeds have been the subject for
muny researchers. Hennessey (1977) mentions Planck's distribution, bi-variate and tri-variate

sormal distributions. The statistical distributions tested and which have been put to use are:
Sieigh, Pearson type III, 2 & 3 parameter log normal, log Pearson type III, normal
Sarbution, and the 2 & 3 parameter Weibull distributions Lima and Celso (2012), reported
w wond characterization by graphical and the statistical methods. The details of the
Ssrbations are best found in standard statistical texts. The applications have been in the

Seis of agriculture, communication and energy.

e T and 3 parameter Weibull distribution have been recommended as practical and fits both
W wpper air and the surface wind speed (Hennessey, 1977). Its use in wind speed, wind
ey and especially its parameter estimation are given by Takle and Brown (1977); Stewart

W Essen (1978); Justus ef al., (1978); Van Der-Auwera et al., (1980); De Jongh and Rijs

et

Swmcularly, the two-parameter Weibull distribution has been applied by various researchers,
wmeme them; Altaii and Farrugia (2003), Al-Nassar et al., 2005. Jaramillo and Borja (2004)
mcased that it must not be generalized for all cases as they found out at La Ventosa in
Wewco that a mathematical formulation by the bimodal Weibull and Weibull probability
Sssmbation function (pdf) represented better the wind speed frequency distribution of the
w2 and could be applied in other areas where this characteristic is exhibited. The other
meods include: - graphical representation of f(x) and F(x) (least square fit to observed
Sssrbution), standard deviation analysis (method of maximum likelihood/moments) and

smesey pattern analysis.

e =wisting long records of synoptic or agricultural weather stations and sometimes through

S period measurements at the site, assists in the preliminary wind site assessment. The
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e sied in Bailey et al., (1997) for assessment include: (i) Hand held anemometers
W smsssseous wind speeds and they are limited in wind power data assessment (ii) Wind
Simeters which are cupped rotors connected to an odometer and record distance in
W 2= wind passes the instrument, (iii) Recording anemometers-they record wind
W o mme in digital form or microprocessors or using strip charts or tapes. Daily or
WSS mwerages are recorded depending on the instrument. Today, as is reported by AWS
Sosmnfc Inc. CESTM (2009), there are more advanced methods of wind speed
Wessassment. These record actual wind distribution and there may be no need for reliance on
W Sstical models. The earlier form of wind speed estimates relied on the Griggs - Putman
S S meerpretation of the degree of flagging of particular vegetation for remote forested

s W0 1981; De Jongh and Rijs, 2004).

S22 Wiad variation with height.

" e of operation of water pumping windmill is of interest because it will determine the
s of emergy received/ harnessed by a WPDI system since higher heights means higher
W spesds energy. The surface layer of the wind is not always constant. The height and
S e wary from place to place because it's the constant momentum flux area. All of the
W S mezsuring heights within the Lake Shore are at 2m height except for Kisumu with
WSSSame. (0m data and hence any prior to installation of a Water Pumping Wind Mill
WAL e 2m height data would be used for the preliminary estimates. Knowledge of the
e wand speed distribution models for estimating increase of wind speed with height
S B wez s therefore a prerequisite for use and prediction of the performance of WPDI

S ®e Lake Shore today.

S Srtlow close to the surface is often turbulent (irregular, diffusive, dissipative among
W e Seing laminar. Laminar flow may only be experienced in an aecrodynamic smooth

S e example, calm sea or in situations when irregular motions are effectively handled

W B wark they do against stable density stratifications. Hsu (2003) and WMO (1981)
Wl St in an atmosphere where temperature decreases nearly by 10°C km™ upward, the
W wims profile becomes logarithmic. The case of the lakeshore atmospheric stability is

M for the operation of a wind pump.

e 1943) WMO (1981), Panofsky and Dutton (1984), Dennis (1997) and Yahaya
WS e 2009) have details of the characteristics of turbulence including them being three
18




Simemsionzl, variable with vertical temperature stratification and fluctuations (eddies). The

Seiemce may be highest close to ground surface and exhibit constant characteristics above
SSn heights. Eddies transport momentum from one level to another, while the ground level
% e Beight where wind speed become zero) determines the roughness height (Z,) as

Ssmeeed i Hsu (2003); Maeda et al., (2003); De Jongh and Rijs (2004).

Simaes of the energy or discharge potential of the WPWM for the height of operation
Wi & lakeshore will therefore borrow the logarithmic and the power laws; which are
“mmeny wsed in estimating wind speeds at heights other than measurement height. Similar
WSlies Save been conducted by Sultan (1943), Monin and Obukhov (1954), Panofsky et al.,
S Fasquill (1968) and WMO (1984) among others. Hsu (2003), Altaii and Farrugia
S feramillo and Borja (2004), Al-Nassar ef al., (2005) have successfully applied the
W s i different countries to model variation of wind speeds with height in estimating
S ezl of wind power applications. These equations have not been applied or tested for
W e Victoria shore. Below a certain height, wind speed varies with height mainly
Smse of rbulence and temperature gradient. Above a certain height the atmospheric mean

WS smproaches theoretical geotropic value; (Carruthers, 1943; Bechrakis and Sparis,
S s 2003).

S e for wind speed variation with height therefore, applies only to a particular locality
W mmperature gradient. Justus and Mikhail (1976) proposed the symmetrical Weibull
s sesed on the power law and successfully used it up to 100 meters. Subsequently the

W ew Bas been used by researchers such as Hsu (2003). Lackner ef al., (2007) reviewed

W smemal errors and uncertainties in these equations. The power law is expressed in the
!

 an exponent, V; and V, are the mean wind speeds at heights H; and H;

% The logarithmic law is expressed as,
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wheme V (Z) and V (Z;) are wind speeds at height Z and reference height Z,. Z; = roughness
St Equation 2.6 based on the power law is the Weibull extrapolation formulae and is

e 5y Hennessey (1977); Tackle and Brown (1977); Shamshad et al., (2003).

| P(V)dv = | (\C’)k_lexp [(Z)k] L P Y (2.6)
K 1—0.0881“‘(%)
T S @.7)
__a(C\ _ (2 i

r where;
_ _ 0.37-0.0881Incy

~ 1-0.0881 ln(f—;)

"W subscripts refer to heights one and two, P (v) = probability density function, ¢ = Scale
e ms, Vs the velocity in m/s and k = shape factor (constant) and Z = height in meters

==  Wind pump Drip Irrigation System

’ " wse of WPDI will require wind energy (EW), the water-pumping windmill (WPWM) and
siscton resources (RP); weather, land, crops and soil. It thus forms a system that delivers
W o the plant root. The nature of transformations of wind vis-a-vis the day spectrum
SSssmcsenistics to run windmill and pump water, to the drip irrigation characteristics are not
sisuasely available. The WPDI development concept is therefore by taking cognizance of
W =wstng hydraulic equations such as Hazen Williams and wind pump instantaneous
Saree equations 2.10 and 2.11 respectively together with the resource equations (relating

. % mes and land) as the governing statements for a balanced discharge that needs to be

st zated(Enciso and Mecke, 2004).
RO O T s v s s e Ty s e S S T B T 4 (2.10)
BE=0.002ZD2V2 ....oiivicinnivenssn s ssssssnsshsssssninnsssssnsosnsssnsresisnsssersss (2.11)

l Wi P= Power in watts (note: 746 watts = 1 horsepower); D= rotor diameter in meters;

= wam speed in kilometers per hour.
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“We WPON system operation will thus be interpreted in terms of the predicting capability of
Smeous equations used, vis-a-vis the wind speed and discharge. Evaluation of the
W & Shen done on the basis of irrigation efficiency standard procedures and as feedback
8 Smmations that relate governing discharge equations, from the wind rotor to the supply

St Smally to the irrigation unit.

~= " Water Pumping Windmill

"% waser-pumping windmill that was used with drip unit along the lake shore, was the
S =wis type with a rotor (High Solidity type), pivoted freely on the tower for proper
smoe o the wind, multi-blade and coupled to reciprocating piston pump. The design
s comcerned the behaviour of the rotor in the wind, coupling to the pump, the safety

sSmmss and the whole system unit for water delivery as work.

" S peinciples of the wind rotor design are outlined in Vardar and Bulent (2006). The
W ey be taken as a black box, with wind as input and discharge as output. The design
s comcerns the behaviour of the rotor in the wind, coupling to the pump, the safety

= and the whole system unit for water delivery.

W e Siades operate in an air stream and experience a lift (perpendicular to the direction
 Sisirted air stream) and drag (in the direction of undisturbed air flow) forces which are
memies &y dimensionless quantities (Vardar and Bulent, 2006). Factors that affect the
W peweer coefficient are the rotation of the wake behind the rotor because of (the extra
S mmerzy losses), the finite number of blades, (the air mixing at the tip (lip losses) and
" e which does not go to zero. Radius of the rotor for example, in the case of the water
e wndmill is chosen with the required energy output [E = 0.1mR*V3T(Wh)]and

e wane speed (Vy) which, can be put equal to the average wind speed where T = Period
SR W moCTs.

W sumps though have capacity limits due to the wind potential and they need judicious
W wem amder taking irrigation. The combined systems (irrigation/wind pump) then become

B e choices for use for crop production.

W smenss conversion systems (WECs) and drip-irrigation technologies as in this case,

S eseoped separately in different parts of the world (WMO, 1981) for diverse purposes.
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“%e WECs are used in agriculture, water supply, and other industrial applications, but vary

“wmors in place. In agriculture WECs are mainly used for surface irrigation (Synman, 1980;
~am Vilstren, 1980). In Kenya the Global Wind Pump Evaluation Programme (It Power Ltd)
wport of 1987 and Kruger Consult (1993), describes the potential of WECs in agriculture.

% energy over the past years however has sometimes been viewed negatively, often
wwociated only with destruction of the environment - buildings, crops, evaporation from

w=servoirs and soil erosion (source).

W e basis of the state of wind technology, institutional framework and macro-economic
~m» until recently when characterization studies in various parts of the world by among
wiers: - Carruthers (1943); Chipeta (1976); Hennessey (1977); Takle and Brown (1977);
Sewart and Essen (1978); Justus et al., (1978); Justus ef al., (1979); Van Der Auwera et al.,
#80); Qamar-uz-Zaman et al., (2007) has enhanced its application as reviewed by WMO
#81); De Jongh and Rijs (2004); Yao et al, (2011). The above literature is prerequisite

waing for the planning and modeling of the wind pump - drip-irrigation (WPDI) for

sewelopment of WECs in Kenya with respect to drip-irrigation.

“len oufput in a windmill may condemn a low availability of wind speeds; hence it has to be
munched to the available wind speeds. Four methods are available as is described in Lysen

%2 that is, the rule of thumb[E = 0.1tR*V3T(Wh)], the graphical method, the
“umputational method and the estimation method. These may not be adequate for planning a
W00 system at the Lake shore hence, the study on aspects and parameters for development

e WPDI.

- .

=22 The Drip System

W Semva drip-irrigation is in its early stages and is mostly limited to backyard activities of
Sormculre on individual efforts. The system parameters on the other hand need to be
se=semed with knowledge of the effects of (i) physical factors and (ii) the hydraulic factors to
Wi for; (a) sound operation and (b) checking of the specifications as diagnostic tools for

mammsenance (Bralts, 1981 a or b).

“e=e s no hard rule about layout of the WPDI system but it is composed of; power source
waser pumping windmill), main line, sub-main or manifolds, laterals, the emitters and

“mime's which could be manual, partially or fully automatic, as elaborated in Kizer (2007).
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“%e system to be used at the Lake Shore will have the drip unit directly coupled to a WPWM.

e emifters that are considered the heart of a drip irrigation system are positioned along the
werzls. The system capacity is determined based on the irrigation mode that is practiced
wiiin the project area and may be on rotation, free weekend operation or on demand. Power
w=guired is calculated based on discharge expected and the head that the energy source has to

wark against.

"% windmill as the energy source is the added element to the design process equivalent to

sl or electric pump in the case of the WPDI. The other criteria to be determined for WPDI

~ wmazation design processes are; crop water requirements, rainfall regime and problem of salts

S=pending on their expected effects. These encompass aspects of evapotranspiration, crop
Stor coefficient (Kc), ground cover (GC), irrigation efficiency, concept of wetted portion
%2 and their variation during the growth stages. The hydraulic design concept is based on
“en — Williams equations. Nomographs for these are available as is documented in Schwab
= @ (1993), Karmeli et al., (1985), I — PaiWu et al.,, (1974), Jensen (1980) among others.
Sameli er al, (1985), Vermeiren and Jobling (1980) in addition presents graphs of
ssmating the wetted diameter (Wd) and depths of the wetted zone on the total volume of
waser applied per irrigation. Karmeli et al,, (1985); Keller and Karmeli (1974) have further
Sscumented forms of empirical predictions for Wp. Field variations, however, exist in use of
%2 due to soil type, hence field tests could be necessary. The advantages and disadvantages
W &rip irrigation as given in Dorata and Izuno (1997) need review with the case of design of
& sarticular WPDI. The above aspects or parameters of irrigation designs design are brought
W ome house in the HydroCalc irrigation system planning software (Rares, 2009).The
wtware covers design of emitters; laterals sub mains, mains and efficiency of the drip

EEETioN.

e Emitters
“%e emitters used with the WPDI system were; the pressure and the non-pressure
ssmpensating emitters. Their-discharges were characterized by the following equation

Sarmeli and Keller, 1975):-

R g S 2.12)
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e g = discharge of the emitter in I/hr, K. = a coefficient specific to each type (based on

smewi and continuity equations), H = the pressure head at which the emitter operates in
s« = an exponent, the value of which depends on the flow regime (turbulent, laminar
% messare compensating). The emitters in use differ in terminologies though, but the basic
usements should include; uniform and constant low discharge, sufficient aperture to

e clogging, low cost, robustness and homogeneity as stated in Karmeli et al., (1985).

e smimer’s manufacture precision as a performance factor of the system needs to be

msiemed for the WPDI just as the discharge pressure head (q-h curve) relationships. Details

W Bese are found in the respective manufacturer's manuals and theory from standard

e textbooks. Variations have tended to be normally distributed and the term

enurers” "coefficient of variation" (Cy) is used. It describes the expected discharge

em n a group of emitters (similar) when operated at nominal pressure taken as 10m
-_—

- Laterals _
W samecepts for the WPDI lateral design are documented in Karmeli ef al., (1985); Schwab
s 995 [-Pai Wu er al, (1979); Vermeiren and Jobling (1980); Benami and Ofen
W Sr the constant head drip systems in obtaining the appropriate lateral size and hence
ey of irrigation. The WPDI lateral design also is decided on by a rule of thumb just as
W emklers: that a sprinkler’s diameter is selected such that the difference in discharge
smitters operating simultaneously and in laminar flow shall not exceed 10% Karmeli
& 955) and for turbulent flow the pressure variation should not exceed 20%. This uses
e methods by consideration of uniform/tapered pipes vis-a-vis uniform emission
S of adjustments), non- uniform emission (method of degree of allowable variation)
S mephical methods such as the "polypot" technique as is described in Herbert (1971).
e o the effect of temperature, local head loss due to emitters or pressure distribution

e e svstem should also be considered with regard to the topography and velocity of
T~

Main and Sub-Mains
W design is as for a lateral line with a steady, spatially varied flow with laterals as

% msicad of the emitters. The lateral spacing is wider with larger discharge outlets.
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~smsequently the analytical techniques described for the laterals are applicable (I-Pai Wu et

1979).

[3]

"% WPDI mainline can be made of hard PVC just as laterals and buried to prevent the effect
o sunlight, algae growth and external damages. Their design may be as simple as a single
e o a particular field or a complex system that may involve many field layout
samsaderations. Also the design of the mainline systems may not only involve optimization of
¢ particular field layout but sometimes a matter of economics, especially when pressure
w=owators are used at the sub main entrances. Choice may therefore, be based on the cost of
smerzy required to pump against friction head losses for different pipe diameters plus the
“amial costs on an annual basis. Pipe network and linear programming techniques may be
et Monographs based on Hazen-Williams equation for quick solutions are also available
W the WPDI design.

<23 Irrigation Uniformity and Efficiency

e cffectiveness of the WPDI is based on the flow variation and uniformity evaluation
ssations, given in the form of equation 2.13, which has been modified severally. The
sseations for evaluation of WPDI are those of conventional drip irrigation as in Mofoke et
& 2004) and can be developed mainly in relation to the coefficient of variation to take care
" “actors such as emitter manufacture, lateral line friction, elevation difference, and emitter
~uezing. The initial form was for trickle irrigation lateral only. Karmeli and Keller (1975)
sewever indicated that this was also applicable to system emission uniformity by equation
~ = while the other concepts are Emitter flow variation concept (I-Pai Wu and Gitlin, 1974)

Wt e statistical uniformity concept (Bralts e al.,, 1981a, 1981b).

E, = 100 (“L) ............................................................................ (2.13)

Qavg

“ % commonly used equation is of the form;

waere E, is overall application efficiency in soil, K is water storage efficiency, E, is field

“mmer emission uniformity as a percentage.
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¢ has an effect on the design process in terms of the gross irrigation depth, irrigation

meerval, system capacity and selection of the emitter type.

Jrip irrigation however is recognized to have high irrigation efficiencies (Dorata and Izuno,

#37) but is affected by the standard of the system design and management (Mofoke ez al.,
~04). Hence before evaluation; the hydraulic design of the WPDI among other parameters
“would be sound to ensure proper operation with the knowledge of effects of; topography and
wdraulic factors; and an evaluation in mind for the maintenance (Bralts, 1981b). It can be a
method for increased food production, energy saving (Hardin and Lacewell, 1981) and
s eviation of labour time. These benefits arise from; no surface runoff, deep drainage and
umited evaporation as stated by Pande et al., (2002) on tests on drip system by use of solar

sotovoltaic (PV) pump.
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CHAPTER THREE

VARIATION OF WIND SPEEDS AT THE SHORE OF LAKE VICTORIA (KENYA)

Abstract

The Kenyan Lake Shore (LS) covers an area of 5700 km?® with few wind speed recording
wations. Kisumu is the only station at the shore having continuous 2m and 10m height
secords available. The other weather stations (Rusinga, Muhuru, Ahero, Kadenge and Kibos)
mly have the 2m height data. Lack of verified constants for power law equations such as
sower law index (o) and logarithmic power law (Z,) that relates wind speed variation with
seight, location and terrain contributes to difficulty in application of wind energy conversion
WECs) systems. The objective of this research therefore was to determine temporal and
‘s:atial wind speeds variation and its relationship with time, location and height within the LS.
The 2m height data was analyzed to determine consistency (diurnal, monthly and seasonal
wends, strength, duration and direction) with location and established direct and indirect use
o the power law index (o) as a methodology that relates increase of the wind speeds with
asight. The power law index (o) relationship was used in estimating wind speeds at 10m for
=ective installation and utilization of the wind energy for water pumping. WS, =0.25WS,o =
ZWSi06. [t was established that, the wind speeds (2m) within the LS foremost fitted the three
serameter Weibull distribution (o) index was averagely 0.4 for the LS, 2 times less the actual
- 8) for Kisumu and was negatively related to the power law index (a). The predicted
Lisumu 10m wind speeds from 2m correlated well to actual 10m with R* above 0.8. The
W eibull distribution parameters (the scale factor and the power law index) were found
wplicable in estimating wind speeds at 10m from 2m heights. Further hourly measured wind
fasz for every month was found adequate in estimating the wind speeds at a particular site.
%'nd speeds were generally higher than 2m/s near the water body and mainly in two
Srections (North and South western). This is indicative of greater wind potential at the shore
'me and an established orientation for installation of wind pumps for exploitation of wind

ey .
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31 Introduction

“%e wind speed records within the Lake Shore are inadequate and scanty with only a few
sations having continuous records. Oludhe and Ogalo (1990) characterized the wind speeds
= Kenya and concluded that there is wind potential for pumping and electricity generation.
“is study hence explored the spatial and temporal variation of wind speeds from the 2m
wmd speeds records available within the Lake Shore (LS) and predicted to the 10m height by

Srect and indirect methods, which were developed.

= wind energy conversion systems (WECs), wind speed is critical in determining the
swractable power for use. Due to the cubic relationship of velocity and power, a smaller

‘ation in wind speed results in a larger power output, hence, because of this phenomenon,
smowledge on wind variation in relation to both altitude and height of measurement above the
wound surface is of great importance. Analysis of the changes of wind speed with height has
w50 been investigated. Sisternson ef al., (1983); Holt and Wang (2011) studied the suitability
W using power law equation to predict wind speeds at different heights with success. They
w50 noted that during night time, wind profiles measured were far from the derived values of

e power law equations.

e guantification of the available wind speed is important for matching the wind pump rotor
wa= and its intended use including water supply and electricity generation among other uses.
e variability of wind speed magnitude in relation to location, height, altitude and time
s==rmines the wind energy exploitation potential. This is because wind is site specific.

“uper matching and sizing of the windmill is key in achieving efficient and reliable outputs.

W 'md energy on the earth’s surface is due to the incident solar radiation which causes
wmperature difference between tropics resulting to air motion. The need to evaluate
swractable wind power for human use is important. The commonly used wind pumps operate
& 2 height of 10m or higher (WMO, 2006). This height is chosen due to less interference to
Wi flow by topographical features and buildings. Lack of enough data is an inherent
“Smienge in extraction and utilization of wind energy within the LS. There is need to
smersiand the trend and profiles at 2m height within the LS from the available data so as to
ot the wind speeds for different locations and the 10m height for installation of wind

~mwersion systems.
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The interest on wind power and the desire for green energy has prompted research on wind

sotential and use. Many researchers Doran and Verholek, (1978), Yilmaz and Celik (2008),

fostas and Despina, (2009) show the various methods of wind speed estimation which

mclude: observation, graphical, empirical and statistical formulae.

The increase in energy demand, the increasing shortages of fossils fuels in the world and the
fesire for green energy has necessitated utilization of the wind resource. Wind speed is
amtical since it determines the extractable wind power and the subsequent performance of
»ind conversion systems. Probability distribution time of wind speed can be determined and
wmed to estimate wind potential. The Weibull function is widely used because of its two
Sexible parameters namely the shape parameter which describes the width of data
Zsiribution and the scale parameter that represents the range of distribution. Wind
“haracterization and operation of a wind conversion system such as WPDI, is not an
=uception and is to be done with respect to the day wind speed spectrum with a chosen wind
weed interval. Use of wind machines therefore needs knowledge of wind speed potential at
gwen sites, duration, strength and its variations with time. There is need to develop a wind
weed estimation method both at a location and at a higher height where there is no 10 m

seight wind speed records, especially for the LS.

Wost wind turbines including water pumping wind machines operate in such a way that there
= an initial velocity (Vi) when the rotor starts, design speed (V) and the furling speed (Vou)
where the wind pump rotor is stopped or deflected out of the wind stream by the safety
mechanisms (Ramesh er al., 2011). The availability of the rated wind speed (V; to Vo) and
= speed bethen Vin to V; may only be possible for a percent time of a day’s wind
wectrum; hence the need to analyze the spectrum (temporal variations) and quantify it for

weration of a wind turbine.

x Wind Speed Variation with Height

e variation characteristics of wind speeds with height are mainly established/ evaluated by
we of the power law, logarithmic wind power law and Weibull Extrapolation formulae.
“uwer law has been used by various researchers, with variations in outputs. Tsang et al.,
W2) assessed the wind characteristics in Taiwan by site pre- determined alpha index (o)
Wt znother constant & based on wind speed at the boundary layer height. The values for these

sameters were estimated by Taiwan Central Weather Bureau with regard to the local
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wpographic conditions surrounding the stations. Ray ef al., (2006) used the power law index

W estimate the wind characteristics in the United States. Oludhe and Ogalo (1990),
sharacterized surface wind speeds in Kenya by the Weibull extrapolation formulae from a
sumber of stations, where the LS was represented by the Kisumu station. These prediction
sguations have been used by other researchers such as Celik (2003), Olaofe and Folly (2012)
with sufficient accuracy. For wind speeds under adiabatic conditions and for sites with
wiform terrain or roughness and with uniform temperature within the first 50-100 m or with
mear temperature decrease with height at a rate of 1° C per 100m then, the logarithmic height
@w has a higher degree of approximation (WMO, 1964. Panofsky, 1973, Hsu et al., 1993)

and are given in equations 3.1 to 3.3.

_Yih
Vg = ?lnﬁ (3:1)
hg
Vg _lnzo
V_A_IH%A S 2)

Hellman’s power equation is given as:

hg In hA—hg In hB

Zy = exp he _hg

veeeneenen (3.3)

waere, V, is the mean wind speed at reference height, Vg is the mean wind speed at height B,

+* is the frictional velocity (equivalent to the ratio of the surface stress to the density,(V % X

g s the von Karmﬁn’s constant = 0.4;h, is the reference height where wind speed V, is
measured, hg is the height at which the wind speed V3 is measured; Z, is the surface
mushness coefficient (Asmail and Ali, 2010); p is the air density and ¢ is the drag per unit
W e boundary layer). Typical values of u* may be obtained from Deacon (1949) and
mestley (1959). The values of Z, are in the order of 0.001 to 100 cm for various descriptions
W t=rrains as reviewed by Davenport, (2000) and WMO (2006) as shown in Table 3.11 for
Ssumu 1995-2011 in the appendix. The use of these values of Z, has been repofted by
samail and Ali (2010); Oludhe and Ogalo (1990) among others.

- e logarithmic law does not give sufficient accuracy and could be more complicated in

wume instances for the Lake Shore region due to varied terrain and the proximity to the water
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sody than the power law approximation with the Hellman’s shear exponent (power law

mdex, a) which offers sufficient approximations for most engineering tasks.

The power law (equation 3.4) is easy to use. The form of expression for increase of wind

th
soeed with height, especially when a is 0.143 also known as the 1/7 power law (Kamau ef

@ 2011)is;
Vs _ (Z2)"
2= (z,,) ..................................... TSR (.4)

where o is Hellman’s shear exponent (power law index o) z, and z, are mean wind speeds at
e respective heights and V3 and V,; are mean wind speeds at heights A and B The wind
speed alpha index (a) is not the same for different locations, seasons and must be determined

“or every station.

_ike the logarithmic equation, the power law equation has inherent shortfalls in that wind
sweeds below the reference height are affected by obstacles in the terrain which cause
secrease in wind speeds. Wind speeds above the reference height, increase with height due to
mduced roughness. Emeis and Turk (2007) noted that the power law offers a nearly perfect fit
wnder stable atmospheric conditions with certain surface roughness and good approximation

wnder neutral and unstable conditions in the limit of very smooth surfaces.

s for existing equations (3.1to 3.4) for increase of wind speeds and height, none has the

Srect application to the situation at the LS. The equations may not be applied directly to

th
Zemermine the wind speed in any particular site except the 1/ 7, which has a shortfall in that

underestimates the magnitude of the wind speeds for the LS (Oludhe and Ogalo, 1990). The
sower law (3.4) and the Hellman power equation (3.3) though available for use, the

serzmeter (o) in equation 3.4 is used when the wind speeds conform to the Weibull

th
Ssaribution or conditions are adiabatic and favours the 1/7 rule or that the alpha index a be

sesermined. Justus ef al., (1976a, b) used the Weibull distribution to represent the wind
selocity probability density function. Justus er al, (1976a) and Mcintyre et al., (2004)
wuposed equations (3.5 to 3.8) which allow extrapolation to be made using the scale factor ¢

wnt the shape factor k.
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p(v)dv = (%) (g)k_l exp [—— (G)k dv)] (3.5)

where; p(v) is the probability density function for the Weibull equation.

Other formulae based on the power law are:

%1/, = [1 - 0.008811n

G
/[1 00088l (B2)]—— (3.6)

where

- [0.37 - 0.08811n(C1)]/
= [0.37 = 0.0881In(Z,)] eeeeeeeeesessssssssmmssssssssssssnen

The subscript 1 and 2 refer to the lower and upper levels (below and above the reference
seight), o is an index, Z refers to the height in meters and C is velocity in meters per second.
% and k2 are constants. Doran and Verholek (1978) cautions on the use of the above
“wmulae for extrapolation of mean wind speeds due to scatter of data used in its

fevelopment.

“5e need for establishment of the variable power law indices a and Z, which are site specific

wnd are critical in wind speed calculations is often emphasized (Ray et al., 2006). Kisumu
wation is the only one where z, and the power law index could be calculated using the
wmailable data at two heights and the extrapolation equations could be applied. The rest of the
sations at best are estimates because not all the parameters in the extrapolation equations are
wailable within Lake Shore unless a statistical distribution that conforms to wind speeds at a

wcation is first determined and applied.
“uch research has been carried out, but there are difficulties in relating wind profile; wind

weed power law index (o) and the logarithmic power law Z, (site specific) together. The LS
siuation is further complicated by availability of only records at 2 m height while WPDI
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s=quires more than 10 m high (WMO, 2006). The spatial and temporal variation within the

S is hence analyzed in the context of fitting wind speeds to the Weibull distributions and

wsing the extrapolation parameters to identify the potential for WPDI.

%ind density functions have been used in wind analysis, such as the Weibull and Rayleigh
Sistributions by Tsang et al., (2002), Pallabazzer (2003); Ray et.al., (2006); Nfaoui et al.,
-003) and Asmail; Ali (2010). In this research, attention was given to the Weibull
Zistributions because the data conformed to the tests of fit and ease of determining the
Zistribution parameters. Furthermore, it had been used by Oludhe and Ogalo (1989), in this

LS region to characterize the Kisumu wind speeds with success.

L] Wind Distributions Functions

Many probability distributions have been used to find the best fit for wind data including
Secta, Exponential, Negative Exponential, Largest Extreme Value, Smallest Extreme Value,
samma, Johnson, Log logistic, Lognormal, Normal, Pearson, Uniform distributions and
Weibull statistics. The Weibull distribution is emphasized because it has been applied in
various locations by authors such as Rehman er al., (1994), Mclntyre et al., (2004) in surface

wnd speed (10 m and above) analysis and it is characterized by the equations 3.9 and 3.10:

V) = — (")k_1 ) s ———————— (3.9)

F(v) c

shere: f(v) is the probability density function, F(v)is the cumulative distribution function,
- s the scale parameter with units equal to wind speed units, k£ is a dimensionless shape
serameter and v is the wind speed. Notably the higher the value of ¢ the higher the wind
weed, k shows the wind stability. The scale and the shape parameters can be estimated by
%ot the method of maximum likelihood and the method of moments as is given in equations

© 1510 3.20 in appendix.

W their study of the statistical characterization of wind speeds in Kenya, Oludhe and Ogallo

' #89) also concluded that the three -parameter Weibull distribution is the best fit distribution
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%or describing the statistical characteristics of the maximum, minimum and mean daily
surface (10 m) wind speeds.
The objective of this study on wind speeds at the LS was:

L To determine the temporal and spatial wind speed trends and profiles at selected Lake

shore sites.

- & To develop an empirical relationships of wind speed and height at the shores of Lake
Victoria Kenya.
3 To develop empirical relationships of wind speed and location; and magnitude at the

shores of Lake Victoria Kenya.

33. Materials and Methods

33.1. Study Area
The area studied is delimited by contour 1200 m a.s.] and a 40 km distance on average from

e Lake shoreline and constitutes the Lake Shore (LS) area as shown in Fig 3.1 below.
Location of Wind Site Stations

./ Trunk road.shp
T Wilnd site locations.shp
Lakeshore divisions.shp
Lake victoria clip1.shp

5 0 5 10 15 20 25 30 35 40 45 Kilometers
= ]

e 3.1: Map showing Location of wind site stations
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¥ covers an estimated area of 5700 Km? from Muhuru Bay in Migori County to Busia County

= Kenya excluding the lake water surface area (4113 Km®). The Lake shore (L) S area is
cnaracterized by low slopes (<2% near the shore about 1100 m a.s.l), a rising middle area and
& highland zone of contour above 1200 m. Much of the arca is within the ecological zone 3
= 4 with distinctive weather indicating limited and poorly distributed rainfall for crop
sroduction. Land use in the area is largely rain fed (with minimal irrigation practice) small

sczle crop production, livestock and settlement (Townships, villages and homes).

“he data used were mainly collected for agricultural purposes at the 2 m height by the three
“up anemometers, read manually except for the 10 m wind speeds of the Kisumu station that
were automatically recorded. The data from 1996 to 2011 for Kadenge, Rusinga, Ahero,
S.bos Cotton and Muhuru Bay were used.

“he raw wind data was obtained from the Ministry of Water and Irrigation except those of
“hero and Kibos which were from the individual weather stations. The data was hand
wcorded and later keyed into a computer for the purpose of analysis. The monitoring
ssuipment used in the weather stations included tilting siphon, rain gauge, sunshine recorder,
swaporation pan, hygfometer, thermometer, wind vane and cup anemometer.

232 Temporal and Spatial Wind Trends

he 2m wind speeds were evaluated based on geographical area to show hourly, diurnal and
monthly variation, wind direction and annual averages. These were considered as consistency
wpects for projecting the wind speeds to 10m. The 2m height records used were obtained
“om the six LS weather stations namely; Kisumu, Kadenge, Muhuru Bay, Rusinga Island,
“2ero and Kibos Cotton. The recorded data at 10 m height for Kisumu and 2m height for
Sadenge were used for projecting diurnal variations. Uniformity and consistency of data was
“necked by fitting the data to Weibull distribution formula. Missing data was interpolated and

werified for conformity.

e data from all stations records from 1996 to 2011 were arranged by year, month and day
wciuding annual averages. The data below 1996 was excluded in the analysis due to lack of
sumsistency and non-availability from some of the stations. The five variations examined for
wemporal and spatial characteristics of wind speeds within the LS were; annual/monthly;

Sy 'hourly, wind direction, location and heights.
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Seatistical distribution of parameters that would result to the best fit of data was examined

wnd determined, mainly to obtain location (&), scale (c) and shape (k) factors which enabled
srediction of the wind speeds beyond the 2 m height. Selection of a suitable statistical
Sstribution for the stations that fitted the available wind speeds was then carried out by use
o the distribution analyzer by Taylor Enterprises Inc. (2007) and the Minitab statistical
software (2011) from the 2m height data. Equation 3.8 was used to determine (o), while the
scale factor (c) was determined from the distribution that fitted the wind speeds data to
W eibull model. This was subsequently substituted in equation 3.4 with the stations known
seights and wind speeds, as it was noted that equation 3.4 and 3.7 are related. The alpha a
mdex and profile values were calculated for the LS 2m data. The relationship of alpha a,
wcation and wind speeds from calculations were then amplified by relevant respective

saphs. It was the basis of projecting wind speeds of Kisumu 2m data to 10m.

"he general test of fit of the data to the statistical distributions was carried out for all the
wations and the parameters determined for three scenarios; i) all data for every month put
weether as one data set for all the years; ii) average of a particular month (January to
December) for all years; iii) a month’s data randomly selected (January to December) for
Lsumu site among the six stations. Minitab statistical software (2011), Meyer er al., (2004)
was used to analyze the data for Weibull, Gamma and lognormal distribution which are
S=guently used in wind analysis. The years taken for this analysis were from 2006 to 2011.
This procedure was used to determine the descriptive statistics and the pre-requisite statistical
» confidence level) values for test of conformity for each of the statistical distributions. The
srocedure was repeated for Kisumu data only for the averages, case (ii). In case (i), the data
was also tested for normal distribution. Results tables were generated to show conformity of

e data to the Weibull distribution

23.2.1 Temporal Wind Variation

= order to analyze the hourly wind speed changes for Kisumu station as a specific example,
Saez was first divided into four seasonal groups of December-March (dry period), April-July
wet season) and August- November(moderate rains). The alpha values were regressed
sexinst the annual wind speed for each quarter. The daily wind speeds as described were
walvzed by use of distribution analyzer (Taylor Enterprises Inc, 2007). The Taylor analyzer
wwes a statistical distribution and the parameters thereof. This was to determine the viable

Ssribution for the data category and confirm the variability of the parameters Weibull and
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%e statistical p values for conformity. The out of range values identified, were removed

without loss of generality from the calculations for two situations; i) in determining the scale
Sactor for extrapolation of the LS stations wind speeds, and ii) when confirming that average

o the winds speeds for the years available also followed the Weibull distribution.

33.2.2 Wind spatial relation
'Y Relationship between the 2m and 10m Wind Speeds

The approach used in determining the relationship between the 2m and 10 m heights was
swofold, direct and direct indirect. The direct approach was applied for Kisumu and Rusinga
$t had limited 10m data while the indirect approach was established for the LS stations that

%24 no 10m wind speeds.

The direct relationship was established by determining power law index (o) from the Kisumu
wd Rusinga actual data available by use of equation 3.4. The 2m and 10m wind speeds for
e vears available for Kisumu was each divided into two equal sets (1996-2011, 2006-2011)
wspectively. The first set was used to determine the wind speed power law index (o). The a
sbeained with the first set of 2m wind speeds was used to predict the 10m wind speeds with
#e second 2m set of data (years). The actual 10m wind speeds for the second set and the
sredicted were then regressed and compared. The limited data for 2 and 10 m wind speed
szilable at Rusinga was used to determine wind speed power law index (a). The resulting
%r Rusinga was then compared to those of Kisumu. This was for the purpose of determining
#e universality of a index for the LS. The indirect relationship was applied to the LS stations
#at had only 2m height data, by first determining their conformity to Weibull distribution
Section 3.4.1.1) and secondly, through use of the resulting parameters (location factor: €; ¢;
L in extrapolation to the 10m wind speeds. The wind speed law index (o) for each month for
wach station was then determined by use of equations 3.4 and 3.8. Furthermore, linear,
seadratic and cubic relationships were determined by the Minitab statistical software
Minitab, 2000) including we projected data, to find out the usefulness of these other

selationships.

» Relationship of Wind Speed and location
L fer determination of (a) as in section (a), analysis was done by plotting average wind

weeds against the wind speed law index on annual quarters (defined as dry, wet and
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_ mederate wet). Also ratios of wind speeds for the 2m and predicted 10m-height were

- s=ermined with respect to the locations so as to verify whether there could be validity for use
« ratios in projecting wind speed with height. It be noted that the magnitude was a factor that

was determined directly or indirectly in all of section 3.2 for the wind speed relationships.

24 Results and Discussions

241 Geographical Area

The geographical characteristics of the Kenyan LS (Fig 3.lin section 3.3.1) has
mezorological stations that lie within the altitude and distance range of 1100 to 1340 m
‘251) and 2-40 km distance straight line from the Lake shore. Kisumu, Rusinga and Muhuru
Sy are close to the Lake (<2 km), while the rest of the stations are slightly further inland
20km). The Kenyan gulf is 6% of water surface, 17% of shoreline length and 21.5 % of the
—w-hment of Lake Victoria. The other details are as in Table 3.1 that gives distance from the

__ske, longitude, latitude and duration of the data available.

Table:3.1:  Geophysical Characteristics of Kenyan LS weather Stations

Lacation Altitude  Data Duration (height) Latitude  Longitude Distance
(m) (Deg) (Deg) from lake
(km)

1146 2006-2011 (10m) & 1996-2011 (2m) 00" 06°S 3445°E 204
1340 1996-2011 (2 m) 00°02’N 34 28’E 18.66
1240 1996-2011 (2 m) 00°30°S  34'1SE 0.1
1120 1996-2011 (2 m) 00°10’S 34 55°E 02
1280 1996-2011 (2 m) 00°04’S 34°49E  7.02

1120 1996-2011 (2 m) 0009’S 34 S6’E 16.53

% nd distribution is dependent on temporal, spatial and breezes in the lake shore region and
% also influences duration and strength (magnitude) of the wind speed, as is from

seservations, and as the results show or imply in the presented subsequent subsections.

342 Temporal and Spatial Distributions

3421 Temporal Wind Distribution

The average monthly and annual wind speed distribution for the stations along the Lake
Victoria shore is as presented in Table 3.2 and Figure 3.2 below. The minimum and

meximum average mean monthly wind speeds (at 2 m height) are as underlined; 1.15 and
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53 m/sec for Kadenge, 1.12 and 1.72 m/sec for Kisumu, 2.23 and 3.02 m/sec for Rusinga

mspectively.
Table:3.2: 10 Year Average Monthly Wind Speed at Lake Shore Stations
Month  Ahero Muhuru  Rusinga Kibos Kadenge Kisumu Avg
(m/s)
Jan 0.91 253 2.87 1.04 1.3 1.57 1.74
Feb 0.97 2.63 3.02 115 161 8 1.77
March  0.96 2.71 2.98 1.13 1.63 172 1.86
April 0.86 2.33 2.35 0.82 1.37 1.38 1:.55
May 0.72 29 293 0.71 1.16 1.12 1.37
June 0.7 2.29 2.27 0.68 1.15 1.12 1.37
July 0.72 2.47 2.4 0.7 1.24 1.27 1.47
Aug 0.76 2.1 2:55 0.76 135 1.44 1.6
Sept 0.83 2.84 2.6 0.84 1.41 1.46 1.66
Oct 0.78 2.78 2:59 0.88 1.38 1.38 1.63
Nov 0.77 255 2.54 0.88 1.34 1.38 1.58
Dec 0.85 2.48 275 0.96 1.45 1.49 1.66
Average 0.82 2.55 2.61 0.88 1.38 1.42 1.61
3.5 1
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e 3.2: The Lake Shore 15 yr Average Monthly Wind Speed

45




¥ s evident that the mean monthly wind speeds differ for Muhuru and Rusinga compared to

Sadenge and Kisumu and for Kibos and Ahero. Muhuru and Rusinga are close to the lake
wwore and are more exposed to higher average mean wind speed; followed by Kadenge and
% sumu, while Kibos and Ahero have low average mean wind speeds Table 3.2 and Figs 3.1
e 32. This is attributed to distance from the lake, frictional factors from the land and fetch
Sssance (distance before the wind reaches a station with uniform surface). The stations close
W the lake have high wind speeds due to longer fetch distance on the water side and low
“ctional roughness due to the uniform water surface and effects of temperature on both land
wnd water surfaces that cause breezes as observed from Table 3.2 and Figs 3.1 and 3.2. The
Suher the stations inland the lower the wind speeds due to the increase in surface roughness
ssused by vegetation and built up areas from observation. Fig 3.1 and Fig 3.2 above further
wow the effects of spatial locations of the stations with respect to the water body. This is

smfirmed by (WMO, 2006).

2422 Effect of Seasons on Wind Speeds

4.1 the stations as in Table 3.1 had low average monthly wind speeds between April and July.
The maximum monthly mean wind speeds occur in the month of February to March. Another
seak though slightly lower occurs between September and October (Table 3.2 and Fig 3.2).
This supports the observation that maximum wind speeds occur in the dry and moderately dry
seriods/ months, while the low wind speeds are in the wet periods. In any year therefore,
Were are two peaks (high and moderate) and one low wind speed period. The season of
December to March temperatures are always higher than any other season and correspond to

%zh wind speeds in the lake shore as shown in Figure 3.2 and Table 3.2.

2.42.3 Hourly and Daily Wind Speeds
The daily and hourly wind speeds within the LS is best represented by data available at
Lsumu for six years (2006 to 2011) and Kadenge station (December 2004 and January

2005). The data is presented in appendix especially for Kisumu and shown in Figures 3.3 and

Vit
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he: 3. 4: Hourly 2m height Wind Variation at Kadenge.

The hourly variation of wind speeds and its bell shape was confirmed and as reported by Ray
o al, (2006). The average mean wind speed is 5.07 m/sec at 10m height for Kisumu and
while it is 1.00m/sec for Kadenge at 2m height (Table A3.6 in the Appendix). The breezes
w= common between 09 to 21 hours (Fig 3.3 and 3.4). The land breeze starts from 09 to 18

sours and the sea breeze starts at 1900 hrs ends by 00hrs, the rest is calm period between 01

08 hours.
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The Kisumu 10m height (Fig 3.3) shows the diurnal wind speed (temporal) depended on the

seasons (long rains, short rains and the dry periods) increasing from a minimum of 2m/sec at
W30 to a maximum 5.8 m/s at about 1530 hours and then reduces to 2m/sec at about 2330
sours. At Kadenge (2m height), it starts at about the same time and drops to 1m/s by 2100
wours three hours ahead of Kisumu. This is attributed to height of measurement where
Sadenge and Kisumu respectively had 2m and 10m measurement heights. Apart from
writude differences as in Table 3.1, Kadenge was also close to Yala swamp, within 2.5 km.
This implies that effective energy utilization is between mid-morning and late afternoon

when wind speeds are highest.

The seasonal (dry, moderate and rain) and annual variations follow a similar trend (Fig 3.3).
The annual average being lower compared to the dry season and higher than both the short
=2ns and for the long rains. This is due to low temperatures during the rain seasons. Seasons
wnd annual averages converge to low wind speeds of about 2 m/s for Kisumu. It was observed
at wind speeds within the LS depict the same temporal variation (within the hour, the days
wnd the months). The threshold wind speed (2m/s) for a wind pump is available from 0930 to
1130 hours at Kisumu. The hourly variation is important for analysis of the site specific
serformance of wind energy conversion (WEC) machinery or equipment especially for water
sumping in terms of duration of water supply. The hourly daily wind data give a more clear
sdication of the wind speed for use in irrigation than the monthly data. The Figures 3.3 and
% 4 above demonstrates that hourly wind speeds or shorter time step is key to estimation of
%< duration and the strength of average wind speeds than Fig 3.5 below which masks the

getails.
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242.4 Temporal and Spatial Wind Direction
% ind direction of the three category sites (Muhuru and Rusinga, Kibos and Ahero, and

Ladenge and Kisumu) within the LS is best illustrated by use of data from Kisumu of the
wears 2006 to 2011, since this was the only available representative data. The direction is
senificant as one considers installation of wind energy converters, types, discharge and

srentation. The data in other stations was always observed at 0900 hrs hence wind direction

= northerly.

The general wind direction is mainly Northerly 3/4 of the day with only Westerly direction in
. of day as illustrated in Fig 3.6 derived by dividing the wind speed strength into categories
0-2, 2-4, 4-6.) m/s and time into quarters (07:00-12:00, 13:00-18:00, 19:00-24:00 and 01.00-
4-00). The time based quarter diagrams in Figure 3.6 shows that at any one quarter the
winds at Kisumu flow in one major direction; between 7.00 -12.00 a smaller magnitude
Sows in the Easterly and Southerly directions. The quarter diagrams that were constructed
%om Frequency tables shows that wind speeds are in the range of 2-4 m/s which is within the
wable portion. It can also be seen that that change of direction is only in one quarter within

e span of 24hrs when the wind flows South West.
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13:00 - 18:00 Hrs 07:00 - 12:00 Hrs

b g 3.6: Kisumu Wind Direction at different times of day

243 Spatial Variation

Sximity to water body influences wind speeds, due to the nature of the water surface which
« horizontal, uniform and homogeneous. This is attributed to physical processes associated
4tk the waves, surface currents, and heat transfer in the water body; and reference to Table

%132 and Fig 3.1 show that wind speed increases with decrease in proximity to the Lake

Shore line.

2.43.1 Indirect wind speed determination.

The probability density function as discussed in section 3.3.2 (the indirect method in this
wsse) is a procedure that was used in estimating the wind potential within the LS. Daily wind
weeds taken for a particular month (January) for a number of years together did not fit the
% =ibull distribution in most cases for all the stations. This though succeeded in the case of a

srticular calendar Month tested independently for all the years and other months. However,

wery few grouped data points from similar months fitted the Weibull distribution. Table A3.7,

438 and A3.10 in the appendix shows the Weibull parameters for the LS stations. These

wclude location, scale, shape and P —values. Kisumu as an example has been represented by




e vears 2001 and 2011 with descriptive characteristics shown in Table A 3.11 in the

wrendix. Tables 3.3 and A3.9 in the appendix also respectively show i) increase of wind
wee=ds from 2 m to 10 m by use of the calculated alpha. ii) The % increase of wind speeds for

e stations. These are also consistent.

Tables A3.7, A3.8, A3.9 and A 3.11 in the appendix, show that to use Weibull equation,
wther monthly averages for a number of years or a particular year data gave similar result.
This is emphasized by Tables A3.10 and A3.11 in the appendix in the case of Kisumu which
wowed negligible inconsistency in only the positions marked for the large number of years
sumsidered. The performance of the three parameter Weibull distributions of average wind
we=ds per LS station for the months of the year shows that the range (start and end) of wind
weed potential can be easily identified for each station for each month (Figure B3.11 in the
wrendix). The determined Weibull parameters (after test of fit for the data for distribution)
were used in the extrapolation of wind speeds from 2m to 10m LS stations. The Weibull
serzmeters were derived from each station’s data hence reflected the conditions of the
serticular station. The logarithmic power law, the ordinary 1/7™ power law extrapolation
methods registered lower magnitudes of the wind speeds. The basic approach was therefore

w use Weibull for extrapolation within the LS to determine the wind potential.

243.2 Wind Relationship with Height

The wind speed law indices (a) determined from the first set (2006-2008) of 2m and 10m
Seight data are as in Table 3.5 below and in Table A3.12 in the appendix for Kisumu and the
LS. The predicted 10m wind speeds from the second ( 2009-2011) 2m and 10m data by use
W the o compared well at 95% confidence limit with actual 10m wind speeds (Table 3.3).
Swart zero values were used as is usual with wind speeds. A line scatter without zero values
Suctuated bound horizontally with negative R? values. The annual scatter diagram showed a
wod relationship (predicted = 1.1Actual) of predicted 10m wind speeds from 2m wind
wweeds and actual 10m wind speeds of Kisumu, with R? of 0.84. Seasonal R” ranged from
1 5410 0.7. A visual plot of the predicted compared to actual on daily basis is as in Figure 3.7
selow. The predicted is higher than the actual wind speed which can be attributed to the
Sference in height and the equipment. Working with limited data from Rusinga 10m wind

weeds gave wind speed law index (o) which varied from 0.1 to 0.5 with an average of 0.2.
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This is due to inadequate 10m wind speed data, but reinforces the fact that alpha varies

wmporally and spatially (Table 3.4).

4 ——predicted

—8— Actual

Wind speeds (m/s)

0 5 10 15 20 25 30 35
Days

¥ig: 3.7: Actual and predicted (¢) Generated Wind Speeds for Kisumu, (2006-2011).

Laditionally, the Weibull parameters in Table A 3.7 in the appendix were used to predict data
« the 2m for each of the LS stations to higher heights as shown in Table 3.4 below, (also in
Sigures B3.12 and Table A3.9 in the appendix) (% increase of wind speeds) in appendix.
“zures B3.13 in the appendix correspondingly show wind power distribution for a turbine of
% | m diameter. The aim was to find a suitable procedure of estimating wind speeds potential

» 10m height for water pumping wind mill or electricity generation for the LS.
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Table:3.3:Average seasonal 10m actual vs. predicted wind speeds (2009-2011)Kisumu

Dec-Mar Apr-July Aug —Nov Annual
Day Pred Actual Pred Actual Pred Actual Pred Actual
1 395 6.39 4.66 4.33 6.2 4.57 5.61 5.09
2 5.38 5.67 4.43 4.52 4.89 5.02 4.89 5.07
3 5.75 399 4.85 4.57 5.18 4.7 5.26 5.09 '
+ 5.83 5.31 5.67 4.8 5.06 5.4 2l 5.23
5 6.44 571 5.18 4.61 4.84 5.42 53 5.25
6 597 6 423 4.17 5.83 4.34 5.33 4.83
¢ 6.17 6.09 4.04 3.97 5.08 4.98 3.11 5.01
8 6.28 5.88 .41 .17 5.47 4.55 5.74 52
9 6.4 5.88 491 4.56 4.89 5.01 5.39 8 i
10 5.81 551 5.1 4.33 5.54 4.85 5.49 49
11 5.86 5.04 4.7 4.01 A4 4.74 5.42 4.6
12 3.33 5.5 4.84 43 542 5.09 5.18 4.9
13 6.58 523 4.9 4.7 533 4.96 5.6 4.96
14 7.06 5.25 5.02 4.32 4.51 4.53 53 4.7
15 6.86 59 5.69 4.17 3.19 4.11 5.89 4.73
16 6.16 539 5 4.06 5.6 827 5.59 4.91
17 6.05 5.6 4.77 4.14 5.91 5.05 5.58 4.93
18 6.83 4.98 4.27 4.4 SA7 5.09 5.6 4.82
19 6.46 4.74 5.04 4.3 5.36 4.4 5.62 4.48
20 6.86 5.09 4.92 5.02 4.95 5.03 5.57 5.05 i
21 6.26 552 3.55 4.43 4.66 5.09 5.48 5.01
22 6.88 529 5.48 e 5.37 4.94 5.91 4.74 |
23 592 5.24 4.65 4.2 5.06 577 52 5.07 |
24 5.87 5.7 4.33 3.71 522 5.35 5.14 4.92 “
25 6.38 5.66 6.97 4.14 5.16 5.1 6.1 4.97 |
26 5.98 597 5.36 4.05 3.12 4.74 5.47 4.92 ‘
27 5.85 5.84 4.83 3.94 54 4.79 5.36 4.86 |
28 6.67 8.77 537 3.94 572 5.41 5.92 5.04
29 5.07 6.09 4.44 3.89 3.23 4.63 491 4.87 |
30 4.72 509 4.45 4.06 4.72 813 4.61 5.06
31 5.09 6.66 4.69 3.99 5.03 5.18 5.14 5.28
Avg 6.11 5.65 4.96 4.28 5.27 4.94 5.44 4.96
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Table:3.4: 2m and 10m predicted Wind Speeds Based on a for Lake Shore Stations

earh Ahero Muhuru Rusinga Kibos Kadenge Kisumu Kisumu  Ksm-
(m/s) Ob
2m 10m 2m 10m 2m 10m 2m 10m 2m 10m 2m 10m 2m 10m 10m

09 18 23 42 29 51 09 17 16 31 2 33 15 28 370
1 19 22 37 28 47 09 18 13 24 21 35 17 32 630
26 5 3% %3 91 5 1 19 16 31 2 35 18 33 5%
08 16 21 37 22 39 08 16 12 23 12 2 16 25 49
07 13 23 44 22 41 06 13 11 22 06 11 11 23 420
07 16 22 41 21 35 06 12 1 22 05 1 1.1 21 430
07 15 324 44 23 38 07 14 12 25 08 (5 15 3 4.20
67 15 27 53 26 44 03 07 12 23 1 19 15 19 420
14 28 29 49 25 48 05 09 14 28 13 26 14 28 320
09 17 28 47 27 49 08 18 13 23 12 23 14 27 30

07 14 26 47 27 46 08 16 12 24 i1 22 15 3 4.60

FrrvyrYyryenrey

09 18 27 & 28 46 07 14 13 26 15 27 16 3 5.30

10 20 25 45 26 45 07 14 13 25 13 23 15 28 37

== observed.

The two approaches show that the determined alpha is consistent with the location of the site
e hence can be used in estimating wind speed from 2m to 10m within the LS. That within a
wertain radius a ratio can be used. Most notable is that relationship of 2m and 10m vary with
weation (Refer to table 3.1 for distance relationships)

450, data of any one year for a particular month on an hourly basis was noted (as in section
% 43.1) as adequate to predict wind speed with height for a particular station within the LS,
wich 95% confidence level which is sufficiently accurate especially where there is lack of
wxa This means one year record is a good estimate or precursor to many years, which is

weful for confirmation of trend.

Tuble 3.4 further shows the monthly wind speeds as at 2m and the projected wind speeds to
) m height from the Weibull a determination. The ratio of weibull generated Vo to actual
% is derived as shown in Fig 3.8, Rusinga being 1.74, Muhuru 1.81, Kisumul.88, Kadenge
© 38, Kibos 1.99 and Ahero at the highest ratio of 2.03. But for Kisumu the ratio of observed
Se= at 2m and 10 m is higher, being 3.8, though the pattern is consistent with the alpha

wnerated wind speeds at 10 m. This difference in ratio for Kisumu may be attributed to the
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memometer types, the 2m being mechanical while the 10m is digital type. It was observed

#at these ratios also vary with distance and speed from Lake Shore (Fig 3.8). Muhuru and
Rusinga with higher wind speeds are nearest to the Lake water while Kadenge, Kibos and

“hero with lower wind speeds are furthest.

3.0

2.5 ‘
|
|

2.0 '

1.5 - he |

0 ® Ratio !

0.5 J

Rusinga Muhuru Kisumu Kadenge Kibos  Ahero (
Station

Ratio

e 3. 8: LS Ratio of Wind Speeds at 2m to 10 m Projection ‘4‘

Simple regression equations (as in Figure B3 14 in the appendix) were hence developed based
w» actual data available from the stations Kisumu and Rusinga. The wind speeds of 2 m and
0 m were found to obey linear and quadratic relationship for both the stations. The monthly
werages for Kisumu as in Figure 3.9 also fit a quadratic relationship for data of 2m and 10m
%r the record period 2006 to 2011. Fig B3.14 in the appendix further illustrates equations for
soth Rusinga and Kisumu (actual data). The graphs 1 to 2 are for Rusinga, 3 and 4 are for
% sumu while 5 and 6 are for Kisumu actual 2 m wind speeds regressed against the calculated
wioha derived 10 m wind speeds. A look at Fig B3.14 in the appendix shows that the linear
waphs tend to start at origin and progress at an angle for all the two stations. This is correct as
s=r0 wind means no wind and no rotation. Note; that the minimum cut in speed is machine-

dependent.
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10m and 2m Wind Speeds, Kisumu

log(10m) = 0.720036 - 2.80568 log(2m)+ 23.4480 log(2m)**2 - 42.2136 log(2m)**3
$=00301873 R-Sq=81.5% R-Sq(adj)=74.6%

E
o
~— 5 —
S T | T T T T
11 1.2 1.3 1.4 1.5 1.6 1.7
2m
e 3.9: Monthly Relationship between 2m and 10m Wind Speeds-Kisumu (2006-
| 2011)
243.3 Wind Speed Variation with Location

e different sites within the Lake Shore show variation of wind speeds with location. A
ssmmon factor (o) that change with site represents attributes of the stations from the water
ime_ The variation could be due to topography that increases frictional resistance to the flow
- wind. The result shown in the Figure 3.10 is a negative linear relation of wind speed and
wind speed law index (alpha) based on location. The Fig 3.10 is a plot of average wind speed
%om a location based on; average of daily data from December to March denoted as quarter
we (Q1) or the dry period of the year. Table 3.5 and A3.12 in the appendix further illustrates
‘% variation of the wind speed law index by LS station and month of the year for both direct
o indirect as is determined. The Law index allows use of equation 3.4, and ratios may be

wsed within a radius of a data capture station because of the consistencies observed.
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Q2: Ws- Loc- Alpha Ws-Loc-Alpha; Qa

Alpha = 0.462078 - 0.0435308 WS Alpha=0461653- 0.0424506 WS

z
<
4
S __Regression
J """"""""""" .o 95%Cl
a2s
08 13 1.8 23
WS
5-00341950 R-Sq=47.0% R-Sq(ad)=364% S=0000He RSq=T16% RSqai)=669%
Q1: Ws-Loc- Alpha Q3: Ws-Loc- Alpha
Alpha = 0.457895 - 0.0445933 Ws Alpha= 0.466447 - 0.0400279 WS
—Regression
—— 95%PI
1 2 ws 3 ) 05 e 25

ws
$=00234325 R-Sq=675% R-Sq(adj) =61.0% §=00075915 R-Sq=95.8% R-Sq(ad) =948 %

Fig: 3.10: Wind Speed Location Relationship for Lake Shore (LS) stations.

Mote that above the regression line from right to left (or upwards) are stations Rusinga,

Ladenge, and Kibos. Likewise below the regression line or equal to, from right to left are

Wuhury, Kisumu (03), Kisumu (04) and Ahero.

The wind speeds — alpha index relationship showed high correlation respectively for Q3.

annual (Qa), Q1 and Q2 being least and moderate. This indicates there was variation of

arength of relationship of wind speeds —with seasons, when monthly wind speeds and was

wzressed and compared (annual, dry, wet, short rain periods). From Fig 3.8 (Kadenge &

%isumu); (Kibos & Ahero) and (Rusinga & Muhuru) had different average wind speeds at

graph, similar to variation with height of the station as in section

% 42, Kisumu was represented by two years 1996 and 2004 Figure 3.10which were also close

&ferent sections of the

weether in the regression graph area, confirming the wind speeds were of the particular
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weation. The other stations were represented by the year 1996. The regression relationships

weained were as below for Q1, Q2, Q3 and QA (equations 3.11 to 3.14). It is clear that alpha

= 2 function of wind speed strength and the characteristics of the area. The power law index
\2) as a relationship estimate therefore can be used to estimate the wind speeds potential from
2= to 10m for the LS case as it is location specific, wind speed dependent and period

sependent. The equations can therefore be used for a location but time period must be taken

mEo account.
WEi=2 20— 10 cnsmnmumnspsves Deg to MarCh v wcomwmitvinsn vaasssssos (3.11)
WS =280 = 1l ienasosvemions April to July ....coounnens T e A e (3.12)
WS = 28a = 12...momemnesmanmunin August to November......... cocevueenennnnn (3.13)
WS = 28@ — TL oo s .... Annual winds speed.......c...ccoveniniinnnnn. (3.14)

Table:3.5: Values of the determined alpha index a for the LS Stations/locations

WONTH Ahero Muhuru Rusinga Kibos Kadenge Kisumu Kisumu LS Kisumu 2006-08

95 95 95 95 95 96 04 A€ " Actual Predicted
Ssmmary 0.44 0.37 0.35 0.40 0.43 0.33 0.38 0.39 0.76 0.35
Sebruary 038 0.31 0.34 0.43 0.38 0.32 0.40 037 0.84 0.36
Warch 0.40 0.39 0.29 0.42 0.39 0.33 0.36 0.37 0.85 0.35
gl 0.45 0.35 0.34 0.44 0.43 0.33 0.30 0.38 0.82 0.32

0.42 0.41 0.39 0.42 0.42 0.39 0.43 0.41 0385 0.41
une 0.51 0.38 0.32 0.43 0.48 0.42 0.42 0.42 0.85 0.42

. 0.48 0.38 0.33 0.44 047 0.38 0.41 0.41 0.87 0.4

Sazust 0.45 0.41 0.31 0.52 0.44 0.39 0.39 042 0.79 0.39
September 042 0.34 0.41 0.37 0.45 0.44 0.41 0.41 0.81 0.42
Octaber 0.44 0.33 0.38 0.47 0.34 0.41 0.38 0.39 0.81 0.39
Sawember 0.44 0.38 0.33 0.41 0.42 0.41 0.43 0.40 0.82 0.42
Jecember  0.43 0.39 0.31 0.38 0.43 0.36 0.39 0.39 0.76 0.38
vz 0.44 0.37 0.34 0.43 0.42 0.37 0.39 0.40 0.82 0.38
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35 Conclusion and Recommendation

The wind resource is variable within the lake shore by site, time; height of measurement and
o distance from the shore line The characteristics were consistent (daily, monthly, seasonal
and direction and Weibull derived alphas)and this constitute the calm, land breeze, and sea
wreeze sessions within the 24 hour period. This can be attributed to temperature change on
and and lake water surfaces. These imply that the wind speeds does vary within the LS with
somparable similarity. But the frequency tables from which the wind directions are
sonstructed show that the predominant wind speeds are in the range of 2-4 m/s at 2 to 10m
seight, which is consistent according the wind direction charts. The three parameter Weibull
Sstribution gave a good account of wind speeds at 2m and that the location (g) parameter
wbles A 3.7,3.8 and figure B 3.11 in the appendix is a necessity to show on a linear scale the
furation (start and the end) of wind speeds and strength (magnitudes) for a given site. It was
“und that without the location parameter (by use of scale and shape parameters only) the
soint of start of wind speeds is not identifiable. And this does not give adequate details on
furation and strength of the wind speeds. Monthly data gave reasonable estimate for wind
speed prediction for the 2m to 10m. The hourly data or shorter time step is good for
Zetermining the wind speed strength and duration compared to daily records. The wind speed
srength from the cube power equation and duration is important for water pumping design

mstems.

The power law index o was determined from equation 3.4 and the Weibull distribution
=quation 3.5) and used directly with equation 3.8, proposed by Justus and Mikhail (1976a).
This gave a good account of the wind patterns as is in figure 3.12 and thus a method for
sstimating wind speeds from 2 m to 10 m. But this avoided the route of random generation of
wind speeds by the Weibull parameters from known height to the unknown which gave none
wsponsive results, which could also be explored Predicted and actual wind speeds by use of
sower law index (o) for Kisumu station gave good relationships for dry, wet, moderate and
wnual data R? = (0.54, 0.66, 0.66, 0.83) respectively. Equation 3.4 in section 3.2.1 is for

0.8
wind speeds alpha relationship at the LS is for now proposed to be‘—% = (i—s) . Should alpha
A

2 Weibull calculated, from 2m wind speeds at the LS then it be multiplied by 2.

% relationship ratio of wind speeds at a location for two heights showed linearity (figures 3.8

* and 3.10) towards the inland from near the lake shore. The ratio relationship can be used as a
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wmethod in the same respect for estimating wind speeds at 10m from 2m at the LS. It is

“sservable from figures 3.8 and 3.10 the three site categories, that wind speeds decreased as
wme moves inland. Wind speeds are highest at the shore (Muhuru and Rusinga), moderate for

% sumu and Kadenge and lowest inland for Kibos and Ahero.

% Known (a) value at a location will allow estimation of wind speed at higher height. That
e developed equations (3.11 to 3.14) for example, WS = 2.38a — 1.1 show that the (a)
mdex has a negative relation with location. It is higher for low wind speeds and similar in
wend with the ratio relationship. These equations are therefore variable with wind speeds
srength; period and location, hence a is location based and a method for estimating wind
weeds for two heights at a location. For Kisumu station, the Weibull determined alpha (a)
was half the actual (Average of 0.4 and 0.8). The linear, quadratic and cubic relationship of
2= and 10m wind speeds was established. Just like a index, on their own, the equations may
st be universally applied but they can be used within a radius or locality and for
ssmparisons of site wind speed behavior.

% sumu data can be used to represent the whole of Lake Shore even with variations.

252 Recommendations

“ad the approaches and equations developed are reasonable and usable within the limits of
4wtz But there is need within the LS to improve on data capture in terms of equipment,
seensity and extent. At present the work is limited to 10m and further research should be for
we of the equations and methods beyond 10m, taking into account the location, direction,

~umal and the seasonal variation.
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APPENDIX

Sstimation Approaches to Weibull Parameters.

o1y Maximum Likelihood
Joisa {Z}':lvfcln(vi) = Limi ln(v[)}_l 315
= 2?:1175‘ i G (3.15)
i k l/k
€= (EZIATE) ¥ s (3.16)
&) Moments — Weibull: The moments of the Weibull distribution can be calculated from
the parameters as shown below:
Mean: € +cI(1+ ) P ————— (.17)
2
Standard Deviation:ﬁ"(l + %) - (F(l + %)) .................................................. (3.18)
Skewness:
iy ZI(r(H ) ......................................................................... (3.19)
(s 2-(r+9)) "
Kurtosis: !(H k) : )”(H k)[(H k)+ 6r(1+ (I(H ) _3]((“ ) ....................... (3.20)
(red-(03))
(vleck) = i VE (3.21)
f(vleck) = H(_‘E) e_(_c_) i gy AR AR e :
a C
Parameters: location: ¢ -0 < g <o,
Scale: ¢ c>0
and

Shape: k k>0
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Table:A3.6:Seasonal Annual Diurnal Wind Speed Variation for (Kisumu and Kadenge)

Time/day Annual Av 1st Dry Wet Moderately
(m/s) Wet
Zam 1.9 2.03 1.76 1.9
<am 1.83 2.04 1.6 1.85
=am 1.83 2.08 1.42 2.01
=m 225 2.44 1.98 2.34
Tam 2.2 2.18 2ull 2:31
fam 245 149 2.62 2.85
Sam 4.04 3.67 4.02 4.41
Tlam 3.94 4.04 3.72 4.05
Ilam 512 5.93 4.08 5.36
2am 7.23 8.41 5.86 7.42
Ipm 9.02 10.36 7.51 9.18
am 10.45 11.98 9.01 10.37
Zgm 10.85 12.54 9.52 10.49
~1m 10.67 12.83 9.11 10.06
Spm 10.39 12.7 8.69 9.78
~wm 9.09 11.34 7.66 8.27
- pm 697 8.45 6.28 6.19
fom 5:15 591 4.68 4.86
e 421 4.78 3.94 3.92
Mpm 3.33 3.55 3.14 3.3
lipm 2.55 2.98 2.18 2.51
Zpm 2.51 2.89 2.18 2.45
lam 1.97 222 1.68 2.02
Zam 1.73 1.88 1.48 1.83
5.07 5.8 4.43 4.99
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Table:A3.7: Location, Scale & Shape Parameters for LS Stations (Average: 1996-2011)

Jan Feb March April May June July Aug Sep Oct Nov Dec
Ahero
€ 0543 0266 0321 0.437 017 0549 0534 0413 0.945 042 0348 049
C 0386  0.029 0.651 0374 0547 0.163 0.235 0.36 0.517 0.41 0382 0437
IN 2638 3,645 4014 2216 3.602 1.642 2.063 2.063 2.713 226 2129 2934
Muhuru
3 -565  0.366 0428 0.924 1.747 -2.85 1.604 2264 1.535 1.338 1.724 1.73
C 3409  2.053 2.445 1.337  0.561 5.18 0.933 0.613 1.465 1.584 0933 0.77
K 10.3 4.169 6.271 3.776 1.161 1566  2.349 1.444 3.731 3.776 1.862 2638
Rusinga
€ 1.746 1.39 0.641 0.966 1499 0315 0.799  0.765 1923 1.871 1224 0835
C 1.341 1.53 2.696 1.412 0.77 1.906 1.581 2613 0613 0.93 1.639 2112
A 2.994 1.774 4.634 2453 2542 5192 329 1.244 1.244 1.762  2.848 4634
Ribos
€ 0314 -0.526 0513 0314 0139  0.151 0.321 0.487 0.583 7.908
= 0.667 1.614 0.521 0.423 0545 0471 0404  0.196 027 9262
K 3.645 6.836 0.987 3.088 5192 4331 4334 1.51 1.751 11.98
Kadenge
€ 1166  0.533 0.976 0762  0.628 032 0994 0895 1.06 -004 0753 0.891
C 0.446 0.342 0.759 0462 0492 0244 0272 0357 0.351 1.463 0525 ) 432
K 1.546 2271 1.915 1.836  3.561 1,537 1.349 1.751 1.786 5.873 1.774 2002
Z?l’sumu
%
€ 0306 041 0.583 0.384 -0.13  0.058 -0.23 -0.24 0904 0676 0587 -0408
C 4786 1.838 1.622 1.703 0782 0539 0921 0.78 0429 061l 0.606 1.65
K 5270 445 3121 4277 3442 229 3442 4634 2163 2017 2112 9185
ff;;sumu-
-
€ 0.754 1.03 9952  -0.663 0723 0605 -0.57 0.854 0926 0618 1.109 -1598
C 0.868 0.705 97.23 2402 0477 0524 2077 0.78 0.567 0913 0444 176
K 3.52 1.211 198 5.78 2129 2163 8.101 2.29 3096  4.064 1612 9316

where: € = Location, ¢ = Scale and k = Shape
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Table:A3.8: Weibull Distribution Descriptive Statistics of LS Stations.

Jan Feb March April May June  July Aug  Sep Oct Nov Dec

shero
. 31 28 30 30 31 30 31 31 30 31 30 31
W= speed 0.886 1.013 0911 0.768 0.663 0695 0743 0.733 1405 0.853 0.686 0.924
T 0.14 228 0.165 -0.158 0.152  0.091 0.106 0137 0.183 0.168 0.167 0.161
S=wmess 03 -0.01 -0.09 0.5 0 092 059 036 027 -046 0.55 0.19
Larosis -83 091 -0.17 -0.89 09 134 1.61 0.29 -0.66 -0.77 -0.30 -0.25
Ry 0.607 0.404 0979 04429 03478 028 0442 6503 0873 0.758 095765 098
Waiuru
Wi 2682 2242 2.702 2:132 2279 2151 2431 282 2857 2769 2.553 2414
0 0.38 0.504 0.423 0.357 046 0418 0374 0391 0395 0423 0.462 0.279

b Sewness -0.65 -0.12 -0.4 -0.4 16 -0.78 043 1.14 -0.03  -0.04 0.73 03
Rarosis 93 -0.63 0.76 0.15 333 1.48 -0.23 2:5 05 -085 0.18 -0.66
Ragiue 0.176 0.802 0.587 07888 04143 0.747 0907 0202 0926 0551 0.653 08
Hmanga
L 2944 2.75 3.105 2218 2182 2.068 2217 2.624 2494 2.699 2,684 2.766
¥ 0.436 0.793 0.605 0.545 0288 0.388 0474 052 0462 0485 0.556 0474
Sewness 0.17 0.8 -20 0.38 034 -028 0.08 -0.09 144 081 0.22 -12
Rarmsis -0.38 1.86 125 03 047 051 048 032 295 058 0.13
Raaiue 0967 02818 0308 04679  0.6791 0.75 0574 0.751 0.183 0.879 0.158 0913
b
L - 0917 0.982 0.975 0.692 0641 0.583 0689 0663 0789 0.797 0.797 0.967
= 0.184 0.259 0.243 0.134 0111 0.102 009 0.119 0.148 0.126 0.126 0.19
W|ewness -0.01 -0.45 0.64 0.14 028 023 -0.15 1.06 -0.58 -0.2 02 -0.71
Rarosis 372 0.27 171 0.99 035 082 -0.75 233 2 022 0.22 28
>ng 0.014 0.898 0.118 02564 0.7983 0491 0.645 0.049 069 0.849 0.849 0.066
stenge
L —-d 1.567 1.284 1.649 1.173 1.071 1.04 1.194 1239 1373 1315 122 1.274
T 0.265 0.348 0.366 0232 0.138 0.146 0.187 0.203 0.181 0.268 0272 02
Me=mness 1.02 0.47 0.69 0.75 0.01 1.03 1.27 0.82 079 -036 08 0.63
Brosis 1:51 0.16 0.44 1.18 -0.11 1.19 332 038 06 014 0.31 -0.08
Pt 0.191 0.906 0.537 02932 00043 0.779 0218 0.801 07 0997 0.903 0.976
‘samu-94

| e 1.951 2.086 2.034 1.165 0.571 0535 -0.596 1.00 1284 1218 1,123 1.517
= 0.359 0427 0.509 0.409 0226 004 0266 0.175 0.185 0.281 1.267 0.204
Sewness -0.29 -0.17 0.13 -0.14 0.04 -0.02 0.04 -0.2 053 062 0.56 -0.6
Barmosis -0.38 023 -0.22 -1.12 013 -015 -0.02 -028 -0.03 113 -0.26 0.62
> 0313 0.684 0987 01292 0.8378 0919 092 0993 0766 0.524 0.937 0.997
Misamu-03 '
L 1.535 1.692 2.006 1.561 1.146 1.069 1.384 1.545 1432 1.446 1.507 1.522
= 0.246 0.549 0.634 0.446 1209 0226 0287 032 0.181 0229 0.253 0.227
SMewness 0.02 1.5 -1.17 -35 0.55 53 -0.54 046 0.15 -0.1 0.95 -1.08
Rrosis -0.26 278 0.52 2.16 099 001 1.11 0 -098 0.151 1.09 1.89
F=aiue 0.976 0.315 0.899 363  0.5153  0.907 0925 0.827  0.255 0.683 0.389
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Table:A3.9: % Increase of Wind Speeds with Height and Location

Ahero- Muhuru- Rusinga- Kibos- Kadenge- Kisumu- Kisumu-

10m 10m 10m 10m 10m 10m 10m
January 104 81 75 91 101 69 85
Scbruary 86 66 72 99 85 68 89
March 91 87 60 97 88 71 80
April 105 75 74 102 100 70 63
May 95 95 87 96 98 87 99
Sanc 127 83 67 99 116 96 97
Jaly 117 83 71 103 113 83 95
Asgust 106 93 66 132 104 87 87
September 97 73 93 83 107 101 95
October 103 71 83 113 73 93 83
Sovember 104 83 71 95 96 93 101
December 98 87 65 85 101 78 88
Mean 103 81 74 99 - 98 33 88

Table:A3.10: P-Value for Fit of Weibull Distribution for Kisumu 2m wind speeds

Month 1996 1997 1998 1999 2000 2001 2002 2003
Jan 0.86 0.87 0.24 0.73 0.49 0.31 0.98 0.29
Feb 0.90 0.87 0.58 0.88 0.88 0.69 0.91 0.60
Mar 0.94 0.70 0.78 0.05 0.40 1.00 0.98 0.60
Apr 0.05 0.66 0.96 0.13 0.25 0.62
May 0.50 0.76 1.00 0.95 0.99 0.84 0.73 0.77
Jan 0.37 0.51 0.91 0.11 0.98 0.92 0.88
Jal 0.57 0.99 0.70 0.97 0.61 0.92 0.42 0.16
Ang 0.42 0.32 0.80 0.96 0.99 0.94 0.56
Sep 0.20 0.96 0.96 0.78 0.44 0.66 0.50 0.99
Oct 0.77 0.97 0.96 0.63 0.52 0.98 0.35
Nov 0.61 0.92 0.22 0.65 0.91 0.91 0.97 0.33
Dec 0.91 0.82 0.80 0.03 0.04 0.89 0.98 0.30
Month 2004 2005 2006 2007 2008 2009 2010 2011
I 0.40 0.97 0.94 0.97 0.82 0.85 0.98 0.97
Feb 0.99 0.84 0.80 0.85 0.27 0.78 0.31 0.76
Mar 0.68 0.46 0.85 0.09 0.65 0.96 0.90 0.59
Apr 0.86 0.86 0.93 0.48 0.34 0.04 0.85
May 0.09 0.48 0.94 0.79 0.83 0.48 0.89
Jan 1.00 0.69 0.91 0.97 0.87 0.85 0.95 0.98
Jul 0.99 0.40 0.80 0.47 0.98 0.03 0.93 0.77
Ang 0.77 0.37 0.79 0.98 0.78 0.08 0.81 0.52
Sep 0.92 0.38 0.97 0.07 0.89 0.84 0.27 0.70
Oct 0.53 0.64 0.22 0.98 0.98 0.22 0.15 0.52
Nov 0.94 0.83 0.75 0.99 0.79 0.35 0.72 0.21

0.71 0.47 0.84 0.47 0.37 0.49 0.76




Table:A 3.11: Descriptive (wind speeds) Statistics of Kisumu Station

55 [Month | Parameter | 1995 [19% | 1997 T [ 2003 [ 2008 2006 2000 | 2010 | 2011
Jan N 3l 31 30 3l 3l 31 27 31 3l 31 31
Jan Mean Te8l [1461 | 1318 | 181 | 136 [1.951 [1420 | 1728 | 1524 1786 | 154
Jan D 0346 0275 | 0294 | 0229 | 039 [0350 |0257 | 0292 [ 0232 0407 | 0.25 3
Jan Stewness | -0.078 o711 | 052 | 0277 | 038 |20l | 0458 [o213 [ 017 027 008
Jan Kariosis 0424|0168 | 1782 | 0316 | 099 |-0.879 |-0014 | 0795 | -088 0253 | 026 | 042
S |Month 1997 | 1998 | 1999 |2000 | 2001 03 | 2004 2000 | 2010 | 2011
Bz [Feb 28 28 - bog cilss o ifag 28 27 28 28 %
"I |Fed Mean T6d  |1.465 | 1585 | 1951 | 141 |2.085 |1.453 | 1681 | 1976 161 | 2052 | 169 | 182
T [Fe SD 0218|0262 | 039 | 0203 [029 [0427 [0323 | 0209 [ 0249 0.386 | 0209 | 024 | 0357 | 055 | 032
T |Feb Skowness | 0887 [0.119 | -0.51 | 0429 | -0.26 |-0.166 [-0429 | -0.26 | -0.65 1045 | 0767 | 013 | 0593 | 1S 028
T |Feb Kurtosis 155 |0601 | 1194 | 028 |o028 [023 |-0347 | -058 [ -0.08 0659 | 0333 | -105 | 043 | 279 | 034
Month 1996 | 1997 | 1998 2000 003 | 2004 2008 | 2009 | 2010 | 2011
Mar 3l 31 31 30 31 31 3l 21 31 31
Mar Mean 168 1635 | 128 | 1948 1471 | 1989 | 1360 | 1731 | 1715 | 189 | 754 | 201 | 18I
Mar SD 0.389 0.261 0.224 0.474 0.293 0.338 0.269 0.377 0.245 0.4 0.302 0.63 28
Mar Skewness | 0215|0421 | 088 | 006 ] 032 | o014 oo | 117 | oos
Mar Kurtosis D004 |-0649 | 1106 | 128 | 136 |-0218 | 0234 033 | 052 | 03
5% |Month | Parameter | 1995  [1996 1998 | 1999 [2000 | 2001 2000 | 2010 | 2011
0e lapr N 30 30|30 |27 30
Rs Tap Mean 1209 149 [ii6s | 1424 153
§E [ap SD 031 026 |0.409 | 0.289 03
- Apr Skewness 0.259 0.49 |-0.14 -0.45 0.055 0.54 0.89
- Apr Kurtosis 0.335 0.57 0.29
5% |Month | Parameter | 1995 199 . 2007 2010 | 2011
My | N 31 31 31 31 31 31
May | Mean T09% [1013 | 1288 | 12001 | L16 |0571 [ L3I 1285 | 124 115
May | sD 0194 0226 | 0201 | 0183 |021 o226 |0229 0201 | 0.13 021
May | Skewness | 00420371 | -041 | 0247 o1 Joo4s Jo.ss2 0038 | -0.11 055
May | Kurtosis 0308|0401 | -0.06 | 028 | -032 |0129 [0.269 0211 | 061 009|060
Month | Parameter | 1995 1997 | 1998 | 1999 2000 2001 2008 | 2000 | 2010 | 2011
25 [jun N 28 26 27 |3 |8 28 28 17 28 %
05 im Mean 1205 [1037 | 1307 | 119 [tod4 Joszm 1372 | 128 | 1257 | 106 | 128
§s [im SD 02480151 | 0238 | 0299 | 016 [0.228 0172 | 0.15__| 0278 | 023 21
5 | Skewness | 0.489 |-0.038 | 0455 | LIS1 |0  [0.499 0245 [ 047 | 045 | 068 | 052
L5 e Kurfosis 759 los51 | 055 | 3102 | -049 |-029 bazs | 039 |08 |o2 | 01
% |Month | Parameter | 1995  [199 1998 | 1999 [2000 | 2001 2007 | 2008 | 2009 | 2010 | 2011
il I N 3l 31 3l 330 30 31 31 31 31
= ol Mean 1289|1176 | 1577 | L1z | 129 [oss6 [i167 | 1096 | 1237 [ 0931 ] 1266 | 1.516 | 1.47 138 | 158
il [ D 0287 0196 | 0.258 | 0.242 | 023 J0266 [0.265 | 0225 | 0204 | 0243 [ 0.187 0313 | 0.23 029 | 027
T [hu Skewness ] 0553 |-0.366 | 0.861 | 0092 |02z Joo42 | 0105 | -044 [ 0249 [ o064 | 005 |o0di6 | 02 2054 | o8
= ou Kurtosis 0583|0162 | 0856 | -0.18 | 054 |0021 |osse | 1826 | -042 | 1685 | 061 [ 0473 ] -0.05 L | o4l
'Month | Parameter | 1995 [1996 | 1997 | 1998 | 1999 2000 2004 | 2005 | z006 | 2007 | 2008 | 2009 | 2000 | 2011
s [Au N 31 3l 367 & '3l -3 31 31 31 31 31 31 31 31
v |Aug Mean 1302 1616 | 1514 | 148 |1 1369 | 1631 | 1432 | 1213 | 1.373 | 1.624 | 144 | 1506 | 155 | 157
1 A D 0.221 5223 | 02753 | 026 [o175 |0279 | 0282 | 0.287 | 0.176 | 0208 | 0226 [ 035 [ 0225 | 032 | 025
b |Aug Skewness | 0.713 0005 | 1001 | 04 |0199 [0461 | 0.0a7 | 0.694 | 0.755 | 026 | 0409 [ 001 [ -044 | 046 | 094
P A Kuriosis 1524 701 | 034 |027 |0278 |00l | 0518 | 034 | 1571 | 056 f0.099 [ 003 | -086 00007 [ 284
Month | Parameter 1996 | 1997 | 1998 2001 2006 | 2007 | 2008 | 2009 | 2010 [ 2011
Sep N 30 29 30 28 30 30 30 30 30 30
Sep Mean 1316 [1364 | 1584 | 1606 | 147 [1.284 [1364 311 | 1583 | 143 | 1514 | 143 [ 13
Sep 5D 0235 |02 0246 | 0.287 | 025 [0.185 |0223 026 | 034 | 024 | 0168 | 018 | 024
Sep Skewness | 0.25  [0331 | 0707 | 024 | 031 [0529 [1.287 0443 | 0123 | 044 | 0076 | 015 | -LIL
Sep Kurtosis 1249 o268 | 023 | 0404 o072 J003L [1817 021 | 2023 [ 0 0049 | 098 | 048
Month | Parameter | 1995 1996 1999 2006 2009 | 2010 | 2011
8 |0 N 31 “TERk 31 31 31 31 31 31
5 [oc Mean 1234 1194 1423 | 146 |1218 | 1284 : 129 | 1607 | 142 | 1529 | 145 | 134
5 [0at SD 0248|0221 0368 | 026 [0282 |0257 | 0208 | 0227 | 0.307 | 0253 | 0204 [ 022 [ o202 [ 023 | 021
1 Oct Skewness | 0.635 |-0.076 014 | 068 [o6za |-0117 | 061z | o281 |oass | -1 foa4d | o 067 05
5 |oct Kurtosis 0405 |0.459 045 |02 |L1z8 |-0379 | 1244 | 07 0332 | 4096 [0.164 | 042 | 2464 0.48
[Month | Parameter | 1995|1996 | 1997 | 1998 | 1599 |2000 |2001 | 2003 | 2004 | 2005 | 2006 2007 | 2008 | 2009 2011
Nov N 29 29 29 28 2w |29 |29 29 29 29 29 29 29 29 28
Nov Mean T201 138 | Le | 1224 | 142 1134 |r239 [ 1353 | viel | 1457 | 1273 J 1597 1 139 | L2l 135
Nov SD 0222|0221 | 026 | 0.157 |02 [0265 [0227 | 0232 | 0193 [ o188 | 023 ] 029 [ 02 0264 | 0.26 | 021
Nov Seowne 10076 10998 | 0536 | 073 | 045 [0527 [0106 | 1.0a5s | o1i7 | osel | 0248 J-0135 | 071 | -007 | 09 | 026
Nov Kuriosis 0554|1883 | 1855 | 1091 |-021 |-0.234 [-02 T812 | 056 | 003 | -056 [-0223 | 028 | -097 [ 1.04 | -1.04
Month | Parameter | 1995|1996 | 1997 | 1998 | 1999 2000 [2001 | 2003 | 2004 2007 | 2008 | 2009 | 2010 | 2011 |
= |Dec N 30 30 29 30 |30 30 30 30 30 30 30
= |Dec Mean Ta3d_ 1326 | 1704 1093|1508 | 1348 1759 | 1294 | 1704 | 162 | 138 | 152 | 158
= |Dec SD 0169|0359 | 0232 0324 0299 | 0.169 0249 | 0265 | 0225 | 029 | 0274 | 023 | 026
= [Dec Skewness | 0.006 _|-0.557 | 0.245 1702 |-0.158 | 0.59 0.034 | 1213 [018 | 001 | 002 | -10s | 033
= IDec Kurtosis 0320 |-0.441 | 0.161 3255|0349 | 0695 072 | 1879 [-0003 | 072 | -095 [ 172 | -069

69




Table:A 3.12: Seasonal daily Alphas for 1996-2011 at 10m Wind speeds.

Date Q1(December-March) Q2(April-July) Q3(Aug-November) (Annual)
1 0.78 0.83 0.79 0.80
2 0.74 0.79 0.77 0.76
3 0.80 0.83 0.79 0.81
4 0.80 0.87 0.81 0.82
5 0.84 0.86 0.74 0.82
6 0.80 0.80 0.87 0.82
7 0.81 0.73 0.77 0.78
8 0.82 0.89 0.84 0.85
9 0.82 0.84 0.79 0.81
10 0.79 0.89 0.85 0.84
11 0.79 0.83 0.85 0.82
12 0.73 0.82 0.81 0.78
13 0.86 0.82 0.82 0.84
14 0.89 0.85 0.73 0.82
15 0.87 0.92 0.78 0.86
16 0.82 0.86 0.81 0.83
17 0.81 0.84 0.86 0.83
18 0.85 0.76 0.83 0.82
19 0.84 0.86 0.82 0.84
20 0.85 0.81 0.75 0.81
P4 0.83 0.90 0.73 0.82
22 0.87 0.92 0.84 0.88
23 0.78 0.82 0.77 0.79
24 0.84 0.78 0.79 0.81
25 0.84 0.93 0.79 0.85
26 0.78 0.87 0.78 0.81
27 0.80 0.85 0.80 0.81
28 0.85 0.91 0.85 0.87
9 0.74 0.82 0.82 0.79
30 0.72 0.79 0.75 0.75
31 0.81 0.80 0.77 0.80

Avg. 0.81 0.84 0.80 0.82
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Table:A 3.13: Alpha Index for Different Conditions

Lacation Alpha
" astable air above open water surface: 0.06
“\=uiral air above open water surface: 0.10
~_astable air above flat open coast: 0.11
“eutral air above flat open coast: 0.16
“izble air above open water surface: 0.27
" mstable air above human inhabited areas: 0.27
“\zutral air above human inhabited areas: 0.34
“zhle air above flat open coast: 0.40
“wzble air above human inhabited areas: 0.60

Source: Kaltschmitt et al (2007)
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CHAPTER FOUR

PREDICTION OF WIND PUMP WATER DISCHARGES FOR DRIP IRRIGATION
AT THE SHORES OF LAKE VICTORIA- KENYA

Abstract

Wind pump discharge has traditionally been estimated from the manufacturer’s tables.
However for wind pump drip irrigation (WPDI) system there is need to relate the discharge to
svdraulics in the pipeline, emitter discharges and weather/soil. The relations in the form of
governing equations comprise of the instantaneous discharge, pipe and emitter and resource
=guations (ET,, area and duration of irrigation). The objective was to predict from the wind
speeds the expected discharge and relate it to the governing equations. The actual wind speed
and wind pump discharge data from Rusinga was initially used to compare the performance
2 the existing instantaneous equations. The Kisumu 10 m wind speeds assisted in developing
e percent availability instantaneous discharge equation(Q = K (3 V;R;)which was used to
sstimate the irrigation depth and area. The results showed that the irrigation duration could be
sredicted from the developed wind speed interval percent availability tables. The discharge
sguation (model) developed based on availability was in agreement with the results from the
suisting instantaneous wind pump discharge equations. The accuracy of the equations to
wredict discharge improved with the length of the hourly wind speed, short time step of
measurements, the startup pump rotation speed and the measuring equipment. It was possible

w estimate wind pump discharge from hourly wind speeds, wind strength limits thus

wrigation area, depth and duration.
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41 Introduction

The discharge from the horizontal axis wind pumps is often presented in graphs or charts by
manufacturers. A number of model equations 4.1 to 4.5 by LE Gouriérés (1982), Lysen
11982), Kabok and Chemelil (2001) are in use. Lysen (1982) matches windmills to the wind
=gimes using graphical, computational and the estimation methods. Continued research in
wind pump discharge relationships however is still necessary due to variations in locations on
e earth surface and types of wind mills and pumps. Drip irrigation is an added relationship
% the horizontal axis wind pumps, the wind speeds, and for even the modern state of art low
- solidity wind mills. Previous works in drip irrigation and wind power are found in Kabok
2001), Mike (2002), Kabok and Chemelil, (2005), Ale and Pradhan (2006).They noted that

wind energy can be used to drive drip irrigation systems.

2) Water Pumping Windmill

The water-pumping windmill (WPWM) with a horizontal axis consists of a rotor pivoted
#eely on the tower for proper orientation to the wind and multi-blade coupled to a
wciprocating piston pump. The design incorporates the rotor on the tripod coupled to the
sump and it includes a safety mechanism. The system is for water delivery. The basic
srinciples of the wind rotor design have been outlined by Wilson er al., (1976), Lysen (1982),
Berges(2007) and Van Dam (2010). The WPWM may be taken as a black box with wind as

wmput and water as the output.

%ind mills and turbines should be designed to maximize the use of the slowest wind speeds
wd controlled to operate at the rated wind speed or power output (Van Dam, 2010). Wind
wmergy utilization by wind energy converters (WECs) should operate over a rising limb from

2=ro speed to the design rated speed until the WEC is furled out (Ahmet, 1995).

The rotor blades operate in an air stream and experience lift (perpendicular to the direction of
wndisturbed air stream) and drag (in the direction of undisturbed air flow) forces which can
% described by dimensionless quantities. Factors that affect the Betz's power coefficient
“heoretical maximum power fraction of extracted wind power) are the rotation of the wake
sehind the rotor (due to the extra kinetic energy losses), the finite number of blades, air
mixing at the tip (lip losses) and the drag and lift coefficients ratio (C4/Cr) which does not
= to zero. The Radius (R) of the rotor for the water pumping windmill is chosen based on

% required energy output (E) as: E = 0.1R?V3T where; Vq is design wind speed, T is time
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‘ength in hours in which average wind speed was taken, R is the radius of the rotor. The use

»f the average wind speed is an assumption since variation of wind speeds cannot be ignored.
The other methods for estimating the energy are described by Lysen (1982); including
waphical, computational and estimation approaches. These are not adequate for planning
wind pump drip irrigation (WPDI) system, due to the need for an assessment of wind speed

wvailability in duration and strength.

L] Wind Pump Drip Irrigation Discharge Estimate
The wind pump discharge for any turbine or pump is normally provided by the manufacturers
4 in Table 4.1, the table shows performance in terms of the head of water for different wind
sump rotor diameters, for the model, for varied wind speeds and the discharges as the output.
This approach assumes magnitudes of time length, wind strength and duration of wind speeds
'~ 2 location. The effect of wind speed variation with time in the day and season is not taken
sare of (masked). It emphasizes variation of discharge with distance at a location much more.
This needs investigation. A worthy assumption with regard to this is that the recorded data
seints over a particular hour (9 am or 10 am) for a long period can be representative of what
sappens in every second within the hour; presumably to depict the fluctuation of the wind
sweeds within the hour. Thus, this was the basis of percent discharge model development. Ale
wd Pradhan (2006) provide an insight into use of wind pumps for irrigation but does not
Sully and directly show how WPDI is used with the variations of wind speeds. It is possible to
e a horizontal axis wind pump for drip-irrigation as long as key aspects are determined or
wken care of in the design process (Kabok 2001; Kabok and Chemelil, 2005). These include
\entification and quantification of performance characteristics of the wind pump (expected
Sischarge versus the head), wind regime at the proposed site and the type of emitter to be
ws=d. In addition, the normal irrigation design parameters of evapotraspiration, soil and water
\ saracteristics referred to as the climate resources (Ogindo, 2003), should be determined for
e design process. WPDI technology can be applicable to arid and semi-arid lands (ASAL)
wod other areas faced with harsh dry weather conditions but have favorable wind regimes for

wrop production.

<) Hydraulic Equations
The hydraulic equations 4.1 to 4.5 are herein grouped into categories as; Emitter and Hazen
Williams equation, Instantaneous Discharge Equations and climate resource equations as

sown below. Although they were developed separately, they require to be linked for the
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setter understanding of wind pump irrigation. Apart from the development of linkage frame

work, the instantaneous discharge equations need review and assessment due to variation of

lacation of wind pump models/sizes and wind speeds.

Group A: Emitter and Hazen Williams equation; could be crosschecked by Darcys or

Scobeys equations and are stated as;

Group B: The Instantaneous Discharge Equations

3
Qs = 0'3" (L0, O] seimomsssmmprersss oo AR = R 3357 (4.3)
a.10%V° A
Qs = o {LE Gourieres, 1982); .coovuerirremimsssmsinsiisninssnsssssssssssssssssonns 4.9
Qs = KV (Foot of wind pump) (Kabok and Chemelil, 2001)......coovviiiiiiniimen (4.5)

where K = 4 / p» A = Rotor area; p is air density for equation 4.5

Group C; The emitter and climate resource equations, to be related to the best of

squations 4.3 - 4.5, are as below:

design emitter discharge:qq = [R‘gl < - N SR RO (4.6)
h
1;xAgXIRg %10
System discharge: s = 1—51—:9—— .......................................... 4.7)
[Rg = ETCROP‘ KT" Ea + LT’ - R ................................................................................ (48)
|
‘ and
‘ P
! Ing = (Fo = Wp) X A(C,)M X Ry X 7o X Vpoovsssmmesenesmsiscssninsusisussssnseies (4.9)

where; Q = discharge and Q; = System Discharge, q.= Emitter Discharge; J = Head Loss in
Percent of Pipe; V = Wind Speed Velocity; H = Pressure Head of Operation; D = Pipe
Diameter in (mm);

» = Density in kg/mB; F = Pipe Frictional Factor; K, x,K, & K.= Constants; L = Length in
meters; C = Pipe Friction Coefficient; AH = Head Loss in Pipe; qa = Design Emitter
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Discharge; [; =Irrigation Interval; I, = Irrigation Hours; A,= Plant Irrigated Area; A, = Total

Area of Irrigation within the Interval; L,, = Extra Water Needed for Leaching; R = Water
- Received by the Plant from other Sources other thau Irrigation; IR, = Maximum Amount or
Depth of Water to be Applied (taking into account suitable reduction as all the soil is not
Wetted); F= friction F. = Volume Moisture at Field Capacity (%); dm = Moisture Depletion
Allowed or Desired (%); R, = Soil Depth or Root Zone in Meters; P = Volume of the Soil
Wetted as a Percentage of the Total Volume, v, = Bulk Density of the Soil; Wp = wilting
point; Ea= System efficiency. Any of equations 4.3 and 4.5 above multiplied by time equals
1o total volume of water-applied i.e that is. Y Qit = system discharge; and equating to equation
4.7 yieldseqn 4.10

4 B SS TR E S { . S (4.10)
This implies,

& U s Lo Wy B8 D B8 M isssnimnsson o i e o T s (4.11)
RZ=EQ“><At>< (F. —W,) x 0.1, X dpy

I;

Equivalent to;

The manipulation can be done to 4.6 to relate it to emitter discharge. WPDI mode can hence

e evaluated from depth of irrigation and emitter discharge.

The objectives of this study at the Lake Shore (LS) were to determine:

) Percentage usable hourly wind speeds on daily and seasonal basis for water pumping.

2 Wind pump discharges

3 The drip irrigated depth and area.
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42 Materials and Methods

To use wind to pump water for irrigation requires the study of adequacy of wind speeds,
- discharges, the soil and the crop related weather systems. These are affected by wind
temporal and spatial variations. Some of the constituting (wind speeds, ETo, Hydraulic
=quations and discharge) factors and equations as above are developed for determination of

arigation depth, area and duration.

42.1 Wind Pump Drip Irrigation System
The wind pump drip irrigation (WPDI) system requires the analysis of wind energy, the

water-pumping windmill (WPWM) and the production resources (land, crops and soil
- evapotranspiration ET,). The idealized system is as shown in Fig 4.1 for design of Wind
Pump Drip Irrigation (WPDI) System. The transformation of the variable wind speed (wind
characteristics or spectrum) into energy to deliver water through pipes and to plants through
Zirect coupling of the system is not well known. The concept is to use the existing equations
such as Hazen Williams, wind pump instantaneous discharge equations 4.3 to 4.5 and the
==source (Ogindo, 2003) equations 4.6 to 4.9 as the governing equations for delivery of water
“om the wind pump to the plant. The WPDI system relates the wind speed capability to
Zischarge by use of the equations 4.3 to 4.5. An equation other than 4.3 - 4.5 was also
Zeveloped (as in 4.2.3) and compared to the equations relating wind speeds to discharges.
The design and evaluation of the WPDI irrigation system involves using the hydraulic
=guations in section 4.1c and the tested methods of irrigation evaluation (Soccol ef al., 2002)
szeping in mind future maintenance of the system. In the design, installation, operation and
svaluation of the WPDI system, a conceptual frame work (Fig 4.1) with three components
was first developed. The key component steps are; 1) determination of most probable wind
=gime for daily, seasonal and annual wind speeds 2) Selection of suitable wind pump. 3)
“pplication of the hydraulic (emitter and pipe) and resource (crop and soil) equations to

Zesign or evaluate the irrigation system.

81




WIND REGIME

G E »

(i) Wind Distribution Models: (mean,
max, and most common)
(ii) % Probability (Vi)

Wind Turbine
Power Curve

%y ny, V;Max

Rotor Size
(i 1* principles
(ii) Manufacturer
_0.1AV® _ 0.1D*V?
~ pH =i
% Probability (Qi) Q=Kv
(i) Inst. Discharge Equations
[~ |-
o X
- gde = KcH
l2g = Ercrop- Kr-Ea + Ly — R WPDI
P AH QLHE -
4 i i 1 i s 11 —4.8
. = (Fs = W,,) x d(C,)m X R, X o v (i) Hydraulic Equations o= T x 100 = 1.13x 10 [—C— xD F]

Ip X A X Igg x 10
Q) = T (qq) = T

% Probability

(X Q;Max)

Governing Equations a) Relationship of depth in can &
cumulative emitter discharge?
3R, = %x A %S b) Relationship of depth in soil &
T i p=of - :
5 Qut Evaluation (can/soil) cumulative pump discharges?
—&Ks o i :
R, === X Ay X Sf - % Probability pressure With regas to; |
13
-Rz ¢) Wind speed consistency range, 2-
3, 3-4 etc (morning or afternoon)
Fig:4.1: Flow Chart for Design of Wind Pump Drip Irrigation System
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4.2.2 Estimating Hourly Percentage Wind Speeds
Kisumu data was used since the existing other five (Muhuru bay, Kibos cotton, Kadenge,

Ahero and Rusinga) stations of the Lake Victoria shore (LS) in Kenya lacked the hourly
measured wind speeds records. The hourly wind speeds obtained were measured at 10 m
height from the year 1996 to 2011 on a 24 hour day basis using a data logger. Table 4.2 gives
the average daily wind speeds and months as shown for Kisumu for the years 2006 to 2011.
The table below on magnitude of wind speeds at a glance does not give the details on the

variations 24 hour day spectrum.

Table:4.1: Average Daily Wind Speeds for Kisumu (2006 to 2011) 10m height in (m/s)

Day Jan Feb Mar April May June July Aug Sept Oct Nov Dec

578 6.16 6.69 528 356 410 467 392 463 470 409 552
536 630 626 449 383 451 439 338 456 589 508 465
563 647 - 6.67 543 495 360 457 466 508 476 432 5.06
523 628 6.08 636 429 483 411 438 503 5.14 507 5.5
522 651 6.63 557 444 447 516 389 59 479 435 573
6 6.13 619 631 513 431 431 332 457 503 528 438 548
7 568 677 6.83 419 381 404 404 385 552 498 438 535
3 6.51 6.65 5.07 559 501 511 442 397 494 508 442 6.10
9 593 6.67 532 506 446 440 433 476 421 497 495 592
10 547 597 581 494 476 539 406 49 507 460 508 538
11 581 548 542 508 406 388 353 425 508 581 438 4.69
12 536 566 584 449 392 489 398 412 478 524 501 4.69
13 503 554 6.53 517 398 435 444 439 579 513 497 4.69
14 644 546 598 510 438 436 354 433 439 412 453 4.69
15 663 596 648 573 409 426 410 391 510 432 438 4.69
16 631 5.63 576 475 358 453 440 408 570 561 462 4.69
17 570 6.73 558 476 3.62 385 422 483 506 503 554 4.69
18 509 632 590 499 424 400 464 438 514 528 541 469
19 642 547 517 522 383 406 399 358 542 483 433 4.69
20 494 6.06 550 516 445 450 415 375 556 484 430 4.69
21 570 6.02 585 509 411 427 507 261 6.15 551 3.83 4.69
2 516 6.03 566 472 442 444 476 528 523 446 445 4.69
23 521 644 500 424 425 406 414 456 6.18 543 449 4.69
24 574 636 578 444 426 346 379 438 556 532 478 4.69
25 575 6.76 547 467 483 472 426 423 566 474 476 4.69
26 576 656 590 459 453 426 428 414 515 467 4.83 4.69
27 514 7.08 565 426 4.03 417 431 422 507 499 422 4.69
28 559 823 523 413 460 425 440 454 548 563 494 4.69

R P O

i

% 6.07 586 442 344 416 457 484 490 481 4.06 4.69
30 6.11 563 405 367 442 383 435 507 457 441 4.69
31 6.81 5.80 4.09 399 4.26 4.68 4.69

Avg 573 628 586 490 419 432 424 424 522 501 461 493
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The frequency distribution of hourly wind speeds recorded over the period of 6 years (2006

10 2011) for Kisumu was used to identify the percent effective wind speed useful for driving
the wind pump. The wind speed was segregated with the specific minimum percent
contribution to discharge estimates. The speeds were arranged in columns each containing a
particular hour (9 a.m, 10 a.m) for the 24 hour wind speed day spectrum. These were further
categorized into seasons of four months each; Dec-March (dry period), April-July (wet or
_long rains) and August-Nov (Short Rains). The frequency of the wind speeds ranges of 1m/s
intervals was determined by counts within wind spectrum. The seasonal spectrum or block
was further analyzed for each hour for the 24 hour period. This was done by dividing the
counts of each wind speed designated intervals by the total number of observations within the
sarticular hour. It was taken as the percentage availability ratio or frequency of each wind
speed range within that particular hour. Particularly this was to depict the time periods of
similar magnitude, that is, time of the day with consistent strength or magnitude of wind
speeds (Low, high and Moderate) when the wind pump is operated to deliver water_for
wrigation (8 hrs, 10 hrs, 18 hrs).The ratios as in Tables A4.6 and A4.7 in the appendix

asllowed observing, detecting and isolating of wind speed ranges with similar magnitudes.

The percent sector spectrum that is responsible for discharge (start rotating speed to design
mated speed) needs to be isolated to determine the performance of a wind pump. The
sontinuous pen recorded wind speed data (showing variation within the hour) forms the basic
sssumption in determining the ratio or percent of the wind speeds spectrum of the hour that
sctually contributes to the wind mills operational mode (Ahmet, 1995) and thus the wind
sump discharge. The wind speed range (chosen interval) just before the cut in speed of

mtation and cut out speed of the wind pump will register zero discharge.

The percent wind speeds contributing to discharge were determined based on seasons (the
irv, long rains, short rains) and on annual basis Table A4.6 Appendix. This was further
wouped based on time period of equal magnitude within the day for the 24 hour period, by
shoosing time period with similar ratio of wind speed magnitude. The column cell relating to
e wind speed intervals were calculated based on the counts divided by the total observations
witil the values diminished to zero; meaning the ratios could vary depending on the wind
speed intervals selected. These ratios showed the strength and magnitude of wind for watér

Zelivery and irrigation potential with time.
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4.2.3 Prediction of Discharges from Wind Speeds

Measuring wind speed and discharge simultaneously from a wind pump at a point of interest
is the sure way of determining the relationship and thus the periodic discharge. The
manufacturers often give estimate tables of the performance characteristics of windmills or
wind pumps which are often exaggerated and may not be site specific. To estimate (predict)
discharge from a wind pump by use of measured hourly wind speeds and the existing

mstantaneous discharge equations as illustrated in section 4.1b to c.

The amount of water pumped by a wind pump on a daily basis can be estimated based on
sme of day, season or period of interest. The time with similar ratio or percent wind speed
magnitude Table A4.6 in the Appendix was used with the instantaneous equations as is
aroposed in section 4.1c. For seasons (dry period, wet or long rains or short rains 24 hour);
snly the season’s average ratio per wind speed interval per time period of the day selected.
The wind pump equations as proposed in section 4.1c are only instantaneous. The day’s
cumulative wind pump discharge was estimated by selecting a wind speed mean (¥;) from
sach day’s wind speed range. This was substituted into the chosen instantaneous equation 4.5
ss the first step. It was then multiplied by a season’s average ratio (R;) for the hour or the
selected hours of the irrigation as the second step. All were then sequentially added from least
sontributing wind speed range to the maximum and multiplied by the time period of irrigation
or hours of need in the day. This gave the total volume of water required for irrigation at that
sarticular time. Taking equation 4.5 in section 4.lc, the expected discharge per seasons

average wind speed, based on the selected time period of irrigation, takes the form as below;

Vor = KVfoot of wind pump X 36007 oo, (4.13)
where;

Vor = Vo1 + Vo2 + Vgza+Vag4....... Von

T =1,2,3 e ceeire vur we e 24 (No. of hours of irrigation)

This implies

Q = Vyr = 3600K (Z 7 Ri) T

R v P ——— (4.14)

where K'=3600KT
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Where Vyr is the estimated total volume of water discharged by the wind pump, T is the
aumber of hours or time period of irrigation, represented by 1 to n for the 24 hour period, V;
is the selected wind velocity average within the count range, K is a constant; K in equation
4.13 is from the instantaneous equation 4.5. (Kabok and Chemilil, 2001); R; is the ratio of the

range count within the hour.

In order to use equation 4.14 from wind speed data, the percent availability Table A 4.6 in the
sppendix is first developed as in section 4.2.2. An appropriate instantaneous discharge
zquation is then selected that should relate to discharge of a particular wind pump. This can
5 achieved through field or wind tunnel tests just as for the instantaneous equations in

section 4.1c. Once the constant k as in equation 4.5 is developed (Kabok and Chemilil, 2001);

# can then be used with equation 4.14.

42.4 Performance of the Kijito wind pump

Actual wind speeds and discharge from a 6.1m diameter wind pump were taken. The wind
sump discharges were measured by an anemometer and an Arad (50 mm discharge) meter.
The relationship of the wind speeds by using instantaneous equation 4.5 and results compared
with the measured discharges for Kijito wind pump at Rusinga (Tom Mboya School). This
was then regressed and a fitted line plot using excel and Minitab software (2000).

The Kisumu hourly 10 m wind speed data were also used to estimate discharges based on the
squations 4.3 (Q1), 4.4 (Qs3), 4.5 (Q4) based on actual measured discharges and 4.14 (Qs). The
sest performing equation compared to Qs was selected. Qs was developed as in section 4.2.3.
The discharge constant K (0.1) for equation 4.13 was adopted from equation 4.4 and as was

sonfirmed during the development of equation 4.5.

425 Area and Depth of Irrigation

Drip irrigation depth and area is a function of the water supply and other irrigation resources
Jand, crops, soil and ETo). The maximum amount or depth of water to be applied (the gross
srigation water requirement IR,) can then be calculated from Equation 4.8 in section 4.1c
which derives its parameters from weather. Reference ETo was calculated to facilitate the use

of equation 4.6 and 4.7 in section 4.1c¢ for determination of the emitter discharge and system




discharge. The evapotranspiration ETo influences arca and depth of irrigation but its

determination faces challenges since it has not been established for the Lake Shore.
The system discharge was calculated by varying iteratively the parameters of equation 4.7
until pump discharge and irrigation balances were attained compared to the wind pump

discharge. That is;

System discharge (qs) equation 4.6.........c.cooiiiiiiiiiiiii qq = Iﬁ}:ﬁ
e gy = AR
h
Where;
Qszqs-:ItXAterRleO ..................................................... (415)
This implies, |
_ 9 ' ;
A = T, R YR R A e A (4.16) |
And

P
Ing = ETcrop-Kr-Eq + Ly — R or (F, — wyp) X d(C,)m X Ry X T

Hence WPDI mode is determined from either system discharge or emitter discharge as
selated to the weather. The soil parameters in the Lake Shore can be measured or determined
and estimated from published data (Linsley, 1979 and; Andriesse and Van der Pouw, 1982)

2s in Table 4.3 below for parameters in equation 4.9.

Table:4.2: Typical Moisture Values for Various Soil Types

Percentage of Dry Weight of Soil

Available Density
Soil Type Field Capacity Wilting Point Water (Kg/m®)
Sand 5 2 3 1500
Sandy Loam 12 5 7 1400
Loam 18 10 8 1350
Silt Loam 24 15 9 1300
Clay Loam 30 19 11 1300
Clay 40 2 16 1200

Adopted: Linsley (1979)
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The key drip irrigation parameters apart from discharge are ETo with other parameters

implied in the gross water requirement (IRg). The IR, should be calculated from the weather
equation 4.8 or the soil based equation 4.9. The estimated (or determined) discharge can then
be used to balance the parameters of equation 4.1 to 4.9.

43  Results and Discussion

The Kisumu station had, a cumulative 1800 data points captured at 10 m height for the 6 year
time period (1996 to 2011) of which 600 data points are for each of the three seasons (dry,
long rains and short rains). A table (A 4.6 in the appendix) was developed to show wind
speed intervals (0 to 1, 1.01 to 2, 2.01 to 3, 3.01 to 4), in column one and row one starting
from columns 2 to the 25" for each hour of the day (1 to 24 hours). The rest of cell values
row two, column two onwards) apart from the first column were ratios of frequency to the
total counts of a wind speed intervals within the hour for the data showing the frequency of
wind speeds on the designated wind speed ranges. The developed tables’ comprised the wind
speed intervals. These were then summarized to constitute Table A 4.6 in the appendix, that
showed hourly average ratios (cell values) for the wind speed interval variation on annual and
seasonal basis (December-March, April-July, and August-November). This was considered
equivalent to frequency as could be derived from a continuously pen recorded data from the

particular hour for the wind speed intervals.

However, it is observed that the accuracy of the estimated discharge improves with the length
of the hourly measured data (Table A 4.6 in the appendix), the wind speed range step interval
and the accuracy of the measuring equipment. The essence of determination of the ratios as in
Table 4.4 indicates that estimate calculations can be for the daily discharge on a 24 hour
period or can be varied with regard to (Tables A4.6 in the appendix) be specific to the desired

tme period of irrigation or a season.

43.1 Percent usable hourly Wind Speeds
Sased on the ratios of the percent wind speeds calculated as in section 4.2.2, the Table 4.4

extracted from Table A4.6 in the appendix) below in the first column indicates that the
sourly wind speeds at Kisumu starts from a wind speed of zero to a maximum of 12 m/s. The
mws 1 and 2 in column 1 (.0 to 1 m/s and 1.01 to 2 m/s for example) comprise the wind
speed range, which shows that 37%(30+7), 45%, 43% and 41%represents wind speeds

wvailability during the dry, long rains, short rains and annual averages respectively.
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The rest of the wind speeds are distributed from 2m/s to 12 m/s, with the usable interval for a
wind pump concentrated between 2m/s to 8 m/s. The wind speeds above 8m/s though
available are low in frequency. Figure 4.2 below represents graphically the spectrum of
magnitude of wind for the Kisumu station and the percentage available wind speed per

interval.

Table:4.3: Usable Wind Speed interval Availability index Kisumu

WS-interval m/s December-March April-July Aug.-November Annual

1 0.30 0.37 0.36 0.34

2 0.07 0.08 0.07 0.07

3 0.17 0.18 0.17 0.17

4 0.16 0.10 0.10 0.12

5 0.11 0.08 0.08 0.09

6 0.08 0.08 0.09 0.09

7 0.04 0.05 0.06 0.05

8 0.03 0.03 0.03 0.03

9 0.01 0.01 0.01 0.01

10 0.01 0.01 0.01 0.01

11 0.00 0.00 0.01 0.01

12 0.00 0.00 0.00 0.00
0.50 1
0.45 +
it y =-0.1In(x) + 0.2522

' e R*=0.8108 ¢ Dec-March

£ 035 1

=

= 030 = April-July

=

>

Z 0.25

=

g 0.20 A Aug.-Nov
0.15
0.10 X Annual
0.05
0.00

Wind Speeds (m/s)

Fig: 4.2: Percent Availability of Wind Speeds in Kisumu
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Table 4.4 shows the annual maximum and minimum wind speed availability ratios 0.01
10.0.34, respectively. The upper limit ratio (higher wind speeds, 8 -12 m/s) is constant while
the lower limit varies with seasons. The wind speeds are higher in the dry season (ratio of
0.3) compared to the long and the short rain periods (respectively 0.37 and 0.36) of the year.
This is an indicator of the minimum and maximum wind speeds available in an area at a
particular height, and for calculating the wind pump discharges in a season for time period as
.~ desired for irrigation (equation 4.13). The 10 m height hourly frequency distribution (Table
44) confirms wind speed variation at Kisumu. The variations are twofold; the percent
availability of the wind speed within a season and with the seasons. There is a relationship
between the percent of wind speeds within an interval and magnitudes within the season. The
relationship is logarithmic having an average trend line equation for availability implying

that:

% of a wind speeds in each interval; available

(Dec-March) b= —0.1In(x) + 0.25,R* = 0.81
(April-July) vonby= —0.11n(x) + 0.28,R* = 0.81
(Aug-Nov) e b= —0.1in (x) + 0.27, R = 0.80
(Annual) bs= —0.1in (x) + 0.26, R* = 0.81

where b is the seasonal percent wind speed availability.

This approach of percent wind speed interval availability (Table 4.4), is more informative in
comparison with Table 4.1 which is often used by manufacturers in presenting wind pumps’
discharges. From table 4.4, the logarithmic relationship shows that during the dry seasons the
available wind speeds potential are higher, in that the lower the constants the higher the upper
wind speed range availability Table A4.6 and A4.7 in the appendix, these relationships may
% due to the temperature effects signified by seasons within the LS The Table A4.6 and A4.7
summarized in Table 4.4 allows the use of equation 4.14 (Q = K'(XViR,) developed from
mstantaneous equation 4.5 to calculate discharges from wind speed intervals though
squations 4.3 and 4.4 can also be tested in a similar way, Cumulative discharges per each

sour of the day can be calculated as desired from equation 4.4.
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4.3.2 Predicting Discharge from Wind Speeds
The actual and predicted discharge data were compared as shown in Fig 4.4 and from among

the three instantaneous equations. Fig 4.4 is an illustration of the work of Kabok and
Chemelil (2005), Qs whose equation compared well with the actual discharge Qs though
slightly higher and to the LE Gourieres equation (1982) Q, This is further represented in Fig
4.3 for the fit indicating regression equation (Actual = 0.80 Predicted + 0.000072 together
with the other regression parameters. The LE Gourieres equation was multiplied by a factor
of 0.001 to make the figure smaller to enable it fit in a graph with the other equations. It
however barés similarity to the actual, Q4. Le-Guireres equation compared well at the
beginning, but it diverged upwards, showing wind speeds continually increases with
discharges. This may not be true because of the rated wind speed and also limit due to

capacity and nature of the reciprocating pump.

y = 1.253x - 9E-05
R2=0.9999
¢ Actualvs

Predicted
Discharge.

——Linear
(Actual vs
Predicted
Discharge.)

Predicted Discharge

0.0 0.2 0.4 0.6 0.8 1.0
Actual Discharge

Fig.4.3: Actual RusingaVs Predicted Qs Discharge
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1.5

1.0 X Q4=actual

0.5

0.0 &

0 2 4 10 12

6 8
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Fig: 4.4: Predicted Discharge for various Wind speeds

where; Q1-Lysen, Q2- Le Guireres, Q3-Kabok and Chemelil, Q4 —Actual, Q5-Relate to equation 4.14

In order to use the hourly wind range frequency percentages for determination of discharge of
a wind pump, the performance of the equations 4.3 to 4.5 in Fig 4.5 were first determined as
in 4.3.2 above. Since Kisumu did not have the measured discharge, values were hence
predicted using all the equations as shown in Fig 4.5 with the actual wind speed data in Table
4.2. The seasons wind speed averages (Table 4.2) were then used to determine the expected

discharge, including (4.14) Qs, the percent availability discharge equation.

When Q; (Kabok and Chemelil; 2001, 2005) and Qs are compared, the seasons estimate
discharge is lower by 40% (Q; to Qs) and 25% of the calculated actual discharge (Qs to Qs.
These translate respectively to a discharge of 0.72 m®/ hr and 0.36 m®/ hr lower. The Kabok
and Chemelil (2001, 2005) equation according to Table 4.5 show that the discharge estimate
averages 1.78 m*/ hr; while the new developed equation 4.14 based on the percent availability
approach shows discharges averaging 1.1m?/ hr per season. This is attributed to Qs taking into

consideration only the usable wind speeds range.




This is reasonable since Fig 4.4 shows that Q; is slightly higher than actual discharge Q.
This though may highly depend on the range of wind speed chosen and the wind pump
starting speed selected. The approach indicates that output is comparable as long as the
amount of data is large enough (> 5 years) and wind pump starting speed is correctly
determined from field tests. Hence the method can be used as a first estimate of the expected

discharge.

Table:4.4: Estimated Seasonal Discharge (m3)

Season WS(m/s) Q1 Q2 Q3 Q4 Qs

Dec- 5.68a 0.06 0.69 0.57 0.45 0.30
March

April- 4.40b 0.03 0.32 0.44 0.35 0.28
July

Aug- 4.76¢ 0.03 0.40 0.48 0.38 0.30
Nov

Annual 4.95d 0.04 0.45 0.49 0.40 0.30

Where: WS = seasons average wind speed

0.6
0.5 pAMEA A A ¢ Q1= Lysens
. A Adh 4 o
E sl >§<
0.4 o SRIMOCK K ROAX
qb:n X 0KX Q2=LE-Guirres
2
2 03
2
=] AQ3=Kabok &
% 0.2 Chemilil
2
rE XQ4
- actual(Q3*.8)
¢ VNG VNEOO® W »
0
4.5 4.7 4.9 5.1 5.3 5.5
Wind speeds (m/s)
Fig: 4.5: Predicted Discharge for annual average speeds Kisumu (2006-2011)

This study shows that it is possible to use the hourly recorded wind speed data and the
mnstantaneous discharge equations to estimate the days discharge based on seasons. The data
in Table 4.2 is based on the daily average; a smaller time step table can be obtained from

Tables A4.6 & A4.7 in the appendix of 8hrs, 10 hrs or 12hrs, which can be developed for the
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exact irrigation duration. Daily average wind speed data may also be assumed to exhibit the

percent wind speed availability within numerical selected ranges.

The same procedure with daily recorded data is not practical for specific time measurements
daily, monthly for a number of years. An approach similar as above based on daily average
data was attempted. It was noted that daily average wind speed data do hide more
variability’s as compared to the hourly data. Hourly records or smaller time steps are hence
preferred. This is because daily data are average and will need a large amount of data
(3600%24*30 *12) to cover for hourly variations. Inherently therefore, it can be less accurate
with few data points as this will need years of record to obtain the most approximate wind
speed for each day of the month. Deciding on the duration of wind speed strengths within the
24 hours of the day will also be difficult. The hourly wind speeds allows decision on the time

step of irrigation or duration and the wind speed strength available.

4.3.2 Depth and Area of Irrigation

This approach developed is to be used together with drip irrigation, especially the
instantaneous wind pump discharge equations, the hydraulic and resource equations. The
developed procedure and equations, where appropriate can be used to estimate the irrigation
duration discharge from measured wind speeds and thus irrigation area and depth as in

section 4.2.5.

44 Conclusion and Recommendations

Based on shorter time step and length of wind speeds measurements and the instantaneous
discharge equations, the discharge for wind pump drip irrigation can be determined. In
addition by use of the design chart (soil parameters, ETo, the hydraulic equations, wind
speeds and instantaneous discharge equations) wind pump drip irrigation can be evaluated for
performance. The time and period of irrigation can also be determined with accuracy. It is
therefore possible to use hourly as opposed to daily wind speeds measurements and shorter
time steps to estimate the percentage available wind speeds for predetermined wind speed
ranges. The longer the duration of wind speed measurement the more informative it is, as it
integrates the spatial and temporal variations of wind speeds on the earth’s surface. The
nourly wind speeds or other shorter time step of measurements can be blocked into time of
the day, seasons and annual basis to single out the duration of interest such as for wind pump

drip irrigation.
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It is also possible to predict or estimate wind pump discharges by using the instantaneous

discharge equations whose field performance may differ with type of wind pump and the
wind speeds. In this case, the developed percent wind speed based discharge equation(Q =
K(X ViR;)).compared well to the to the other discharge equations. It shows time and seasons
variation much more clearly than the tables proposed by the manufacturers. Table 4.6 (in

appendix) developed in this text

In the design, installation, operation and evaluation of the wind pump drip irrigation (WPDI)
system a chart (conceptual frame work) was developed. It shows that discharge is the key link
to the resource equation parameters particularly ETo, irrigation depth and area The irrigation

depth and area hence is easily determined from the frame work.

ETo, irrigation depth and area relationship may need further field investigation for as many
sites. This will be to ascertain the constant for the discharge for the instantaneous equations
which may differ with the wind pump rotor diameters, type of the wind pump and even the
percent wind speed range extent. There is need to employ GIS for wind speed measurements
which is more accurate in terms of duration and locations of sites. Low solidity windmills
need to be studied in this regard and especially in relation to wind speeds percent availability

and discharge, both for electrical and rotor wind pumps
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CHAPTER FIVE

FIELD INSTALLATION AND PERFORMANCE OF A WIND PUMP DRIP-
IRRIGATION SYSTEM AT LAKE VICTORIA, KENYA

Abstract

The Ngura and Rusinga Lake shore sites were used for characterizing installation of wind
pump drip irrigation (WPDI) system. The system comprises of the wind pump, water
reticulation network and the drip irrigation unit. Lack of adequate data prompted the use of
situational estimates. The aim was to establish precedent aspects and determine parameters
that affect wind pump drip irrigation system installation and its irrigation efficiencies. The
parameters considered were wind characteristics, discharge and the Evapotranspiration (ET,)
while the aspects were location, water quality, quantity and availability. Both historical and
onsite data were used. It was established that water quality variables need monitoring
throughout the life time of the system with initial values as datum. There was a 0.5 m. Lake
level drop which translates to 30-35 m horizontal distance recession along the perimeter of
the Lake. Reference evapotranspiration (ET,) according to Penman were comparable to the
LocClime software estimator for its higher but not the lower value estimates. Synchronization
of water requirement for the plant and the irrigated area (system discharge), wind pump
output characteristics and the emitter discharge were considered. Drip-irrigation efficiencies
namely design emission uniformity (Ey) and absolute emission uniformity (Eu,) were
acceptable and varied between 93% in the morning to 94% in the afternoon for the thirty-nine
test-runs made. Subsequently the technology was considered realistic, replicable and
applicable but would be more useful in areas faced with weather vagaries and with favourable
wind regimes. Application of GIS and use of satellite would eliminate the challenges of

inadequate data and improve on the accuracy of estimates.
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51 Introduction
The wind pump drip irrigation (WPDI) system has three main parts; the wind pump, pipe
network and drip irrigation set up. A water storage tank may be included. The requirements
for implementation at any site includes availability of water and its quality, the land
topography and locality, type of soils which influences the percentage wetted soil (Wp and
soil constant K, for non-beneficial evaporation) and crops. The factors for installation are
wind characteristics (speed and duration), discharge, and the crop irrigation characteristics

(the gross water requirement IRg, the reference Evapotranspiration ET,).

The hydraulics of network pipeline and drip irrigation is also a key factor in design (Lakhdar
and Ahmed, 2005). Chumo et al., (2011) noted that data collection and availability are highly
influenced by the prevailing economic conditions in a country, especially in the developing

world.

The wind speeds directly influence the energy content, which should be evaluated for its
availability and variability with time (Qamar, 2011). This requires appropriate data, choice
and use of the predictive equations as appropriaté, density and sustenance of measuring
facilities. Hence to install such a system adequate data and understanding of the drip-

irrigation, wind and pump characteristics need a thorough situational review.

The need for proper planning and water management is vital in irrigation decisions; it covers
the source of water to the point of utilization. The crop water requirement refers to the actual
amount of water needed for evapotranspiration (ETcrp) and plant growth; this is influenced
by the crop development and the prevailing climatic conditions. Irrigation requirement also
depends on the irrigation system efficiency (Ea), management practices and the soil
characteristics in the field. Farmers at lakeshore (Ng'ura and Rusinga) supplement their
horticultural crops through irrigation efforts. They have been using buckets and hand dug
canals from the lake to the hinterland which is faced by a number of challenges including
time wastages and is labour intensive thus limiting the area of irrigation. The Ngu’ra wind
pump was a new development that illustrates the aspects of field installation and how
parameters are determined while the wind pump at Rusinga demonstrated the procedure for

the drip irrigation field system performance.



The approach integrates the use of wind pump and crop production as influenced by spatial
and temporal wind variations at the Lake Victoria shore, Kenya. The existence of adequate
prevailing winds at LS can be tapped to drive WPDI systems which offer an alternative form
of irrigation that delivers the water at pre-determined points with less water losses in the
field. The WPDI system study presents: - i) precedent requirements for Installation (Ngu’ra)
‘(ii) test-run of a direct coupled wind pump driven drip-irrigation system (Rusinga) along the
shores of Lake Victoria with respect to changing wind speeds and discharges. The specific

objectives were to:

1. Determine the precedent aspects and parameters for installation of a wind pump drip
irrigation system.

2. ' Establish the efficiency of the wind pump drip-irrigation system.

5.2  Materials and Methods

The precedent aspects for installation of a wind pump drip irrigation system along the Lake
Victoria Shore are enumerated as; location, intake works, water delivery to the crop, lake
level fluctuations; and water quality and availability. The parameters are wind speeds,

reference evapotranspiration system discharge and irrigation efficiency.
5.2.1 WPDI design and installation.

a). Development

The éspects and parameter relationship are summarized in figure B 5.1 as the irrigation
location (IL), Manufacturer (MF), wind pump (WP), wind regime (WR), crop water
requirement (CWR), Emitter discharge (ED), Wind pump rated discharge (SD;), Discharge
based on crop water requirement (SD,) and the Irrigation Designer (IRD). A balance should
be when WP as the INPUT (abstraction) corresponds to CWR on the SINK side, and that SD,

should be just greater or equal to SD, dependent on design efficiency.

WPDI system is hence synonymous to emitter as the sprinkler head, motorized pump
becomes the wind pump (WP) and wind regime (WR) serves to illustrate the variable
horsepower of the pump which depends on spatial variations (locations, IL). The installation
process of WPDI illustrates the approach, procedure and use of the key parameters, though

there are challenges. The discharge availability as a key element of the system output is
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of the system.

defined by the relationshipSD; > SD,. The aspect of the system water quality is taken care of

at the preliminary assessment and analysis. It is important in the management and operation

Designer.

\ 4

IRD to change design:- q4 or Q; or
I or A, or A, or wind pump (P,)

A
ABSTRACTION SINK
IRD
A 4
MF IL
WP |« WR _l
CROP
1 L (;LW
v
Dy SD,
| |
[RD to change design:- | SD,2
qqor Qgor I, or A, or
A, or wind pump (P,) Yes
\4
No :
Stop * SD>> SD;
Yes
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Fig: 5.1: 'Wind Pump-Micro-irrigation Design Illustration Chart

Where IL = irrigation location, MF = Manufacturer, WP = wind pump, WR = wind
regime, CWR = crop water requirement, ED = Emitter discharge, SD; = Wind pump

rated discharge, SD, = Discharge based on crop water requirement, IRD = Irrigation



(i) WP on the INPUT (Abstraction) side corresponds to CWR on the SINK side.

(ii) SD; should be just greater or equal to SD, dependent on design efficiency.

(iii)  The chart Fig. 5.1can be applied elsewhere for the design of a sprinkler
irrigation but developed for a wind pump (horizontal axis) micro-irrigation

b). Location
The study was conducted at Ngu’ra and Rusinga sites. Ngu'ra is situated in East Kanyada
Location, Asego Division in Homa Bay County. It is surrounded to the east by a hill (3.5 km
away) and a lake to the West (1.5km away). It experiences both land and sea breezes, to the
west the wind fetch distance originate from the lake. While to the North and South directions
the wind fetch distance is along the high ground and the lake water boundary. Other wind
flow interruptions are due to vegetation and tree cover in all the directions except to the west
where it borders the lake, 68,000 km? (Kayombo and Jorgensen, 2009), hence water forms the
major frictional layer to wind flow. The wind pump was installed 2km downstream of

Ragwena Bridge off Homa Bay — Kendu Bay road (Figures B5.6 and B5.7 in the Appendix).

The decision for the selected site was based on the community’s request to have water for
irrigation and domestic use. The Lake Victoria shoreline is 550 km long on the Kenyan side
(Kayombo and Jorgensen, 2009) with many suitable sites for irrigation. In terms of the
surrounding topography and orientation, the sites were considered suitable from observations,
the topographical surveys and that farmers were growing various horticultural crops. A
topographical survey was carried out to show the water intake point and topographical

contours, as in Figures B5.6 in the appendix.

The Rusinga wind pump at Tom Mboya High School, lies at latitude 00° 30'S and longitude
34° 15'E in 'Kenya. The wind pump was installed on a hand dug well located at a site 10m off
the Lake Victoria shore. Westward of the site was a long stretch of lake water towards
Tanzania and Uganda. Eastward, Northward and Southward there was an interruption of wind
flow by the Rusinga Island ridges that surrounded the pump site in form of figure C
curvature/ shape. Approximately 290m away from the wind pump there was the designed
pilot irrigation unit that branched off into a drip-irrigation head control unit (Figure 5.7 in the
appendix),which is supplied by a 50 mm galvanized iron main pipe. This is where the wind

pump drip-irrigation system was established and its performance (efficiencies) was
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determined. The choice of site and aspects are important to wind pump drip irrigation system

installation.

) Wind Pump Installation

The main water line at Rusinga site was installed for the purpose of water supply to serve
Tom Mboya High school and the Hospital. The Ngu’ra water system comprised of the intake
works, the infield water delivery system and a tank situated at 1.2 km away from the wind
pump.

Both systems were provided with a storage tank. A topo-survey was initially undertaken for
each of the area to be irrigated. Additional activity at Ngu’ra was to determine the invert level
for laying the main pipeline from inlet to the wind pump, inclusive of the intended irrigation
abstraction points. The wind pump sump position was then sited and a profile survey taken
linking its location to the lake water level. The soils were also checked by observation and as
in Jaetzold and Schmidt (1982) so as to determine the suitable footing requirement for the
wind mill. This was further verified by the Rural Domestic Water Resources Assessment

Report (DHV 1987), that has detailed hydro geological study of South Nyanza District,

which covered the Ng’ura area.

The intake works for Ngura comprised of installation of a double pipe line (150mm dia) that
extended beyond the shoreline into the lake water from a hand dug well as the reservoir to the
wind pump, a designed sedimentation tank and an inspection chamber as the last unit to the
lake water. The extension to lake was to avoid dirt due to wave action at the shore line. The
two chamber sedimentation tank (9 m by 2.5 m by 3 m) was dug below the ground level to

correspond to the water entry point to the wind pump sump.

The total depth of the well was approximately 4m below the ground level while the lake
water level measured 2m below the ground at wind pump sump position. The hand dug well
was reinforced by Im diameter concrete pipes to avoid collapse of the clay soil walls. The
invert level of the pipe intake was set below the lake water level. On the well, a reinforced
slab was laid and a circular entry point left for the Wind Pump rod, the wind mill was then
installed on the slab with three reinforced footings, each rectangular in shape with a size (0.6
m by 0.6 m) and approximately 1.2 m in depth. The wind mill supplied by Kijito Ltd. Kenya
was in three tripod pieces that fitted onto each other. The first tripod piece was anchored on

to the footings held by a flap plate laid onto bolts. All the other tripod pieces were assembled
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while on ground together with the wind mill. A winch lorry was then used to lift the whole

tripod for fixing on to the footing. The rest of the parts were thereafter fitted including the

pump.

d) Water Delivery

A 50 mm diameter polyethylene pipe of grade D Kenya Bureau Stands (KBS) was laid
underground at an average depth of 450 mm (at Ngu’ra) to deliver water to a water holding
tank 1.2 km away. The pipe laying started after an air chamber and a non-water return valve
from the wind pump. Between the non-return valve and the water tank, the main delivery
pipe was laid at an average slope of 0.6% as shown on irrigation area map. The Ragwena
stream interrupted the pipe laying (Figures 5.6 in the appendix) and was crossed along the
bed formation. The pipe thereafter was laid along a smooth rising slope until delivery to the
top of the tank. Along the main pipeline, there were off takes of 50 mm (diameter) that were
designed and installed to deliver the water to the sub mains 25mm which subsequently
delivered water to the irrigation fields. The first off take was at 20 m from the wind pump.
The next were installed 100m equidistant from each other up to the Homabay- Kendubay
road. Each of the off takes comprised a 50 mm Tee, a Im pipe length stand pipe, a 50 mm
bend, a 50 mm gate valve, a socket and short length straight 50mm pipe. The gate valve is
used to regulate water flow in the pipe network. The irrigation field was laid with flexible
drip line hoses with clips at the start to be fixed and removed as was needed. The same set up
was adopted for the head works for the single irrigation unit (1000 m?) as was set at Rusinga

(Figure B5.7 in the appendix).

The irrigator can either use a hose entirely or connect it to a drip system. Figure B5.7 in the
appendix illustrates the water application point from the wind pump to the plant. A reservoir
tank was provided with a lockable outlet connected to the same delivery line. An off take line
therefore had two supply sources, the backwater flow from the tank or direct wind pump
supply. The off take supply from the tank should always be on the side not receiving the
direct water delivered by wind pump. The backwater supply was put in place to benefit from
the night storage. Suitable gate valves were put in place to regulate water flow in the system.
A hose line attached to the off take can therefore be used to deliver water to the micro
basins/furrows or connected to a drip unit as was suitable to the farmer. The irrigation
pressure head was provided by both the tank and the wind pump. The main irrigation pressure

control was achieved by
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pressure compensating emitters and the stable irrigation duration determined by wind

consistencies.

e) Water Quantity, Quality and Availability.

The possible sources of water at the Ngu’ra wind pump site Figure 5.6 were ground aquifer,
Lake Victoria and the Ragwena stream. The stream is seasonal while the lake water fluctuates
in level with seasons. The Ragwena stream is 15m to the wind pump installation site. Ground
water possibility at Rusinga and Ragwena were assessed and found not adequate based on the

DHV (1987) hydro geological map and the local information and observations made at the

site.

The water at Ragwena River and around the project area was sampled for quality analysis.
The Ragwena wind pump installation site was located barely 100 m off the lake water and
about 3 km direct distance north off the Homa bay sewage treatment (lagoon).The sampling
points were located along the shore line of the Lake to determine the influence of the Lagoon
on the wind pump site. The five sampling sites were: Homabay Township next to the lagoon,
Bishops house 2.5 km from the site, next to wind pump location, at Ragwena river mouth and
at the Ragwena bridge. The Bishops house is between the wind pump site and the Homabay
lagoon. The water qualities were examined at these positions to enable advice on both

irrigation and human consumption.

f) Lake Level Fluctuations

The lake water level was monitored for the wind pump placement at the shore. In setting the
level of the inlet from the lake to the wind pump sump, the fluctuation of the lake water level
was predicted from the records of Kisumu pier for the years 1964 to 2005. Four graphs of
gauge height against years were generated, one for the period 1964 to 2005 and the other
three comprising data of two decades each for the duration of the records.(Fig 5.1).

5.2.2 The Parameters

a) Reference Evapotranspiration

Determination of evapotranspiration (ET,) within the LS is a challenge because of inadequate
data that hampers the use of the resource equations (Chumo ef al., 2011). The data at the six
LS (Kisumu and Kadenge, Kibos and Ahero and, Muhuru bay, Kisumu and Rusinga) sites

were examined for conformity to the existing ETo equation. Obtaining all weather parameters
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(temperature, rainfall, sunshine intensity, wind speed and relative humidity) required was
difficult due to scanty records. Therefore ETo estimate for the LS stations was based on
Penman equation, using an ETo calculator (Dirk, 2009). The results from Penman method

and Hagreaves were compared with the new LocClim 1.10 (which had reasonable amount of

data.).

The monthly average reference evapotranspiration and wind speeds from the weather stations
within the LS were first compared with that from the LocClime software. This method was
adopted after trial with satellite data proved inconsistent. The LocClime software generates
reference evapotranspiration data which was designated as low and high, based on the 2m
height normally for agricultural weather monitoring. The compared performance was used to

estimate ETo at site(s) that did not have records within the LS, for example the Ng’ura site.

The accuracy of these formulae mentioned above remains untested within the LS region.
Chumo et al., (2011) concludes that Blaney Criddle (1950) method may be the best estimate
of potential evapotranspiration within the Lake shore. However, the variability of the data
used and poor equipment used posed an inconclusive decision on its usability. The nearest
station tested by use of lysimeters is at Kericho Tea Research Foundation (Lat: 0" 22’S, Long:
35° 21’E, Alt; 2178m a.s.l.), to determine the tea crop water requirement. The LS area of
study was taken to have little weather parameter variation. The stations were also chosen to
show the performance of the methods with respect to location. Procedures for applying the

ET, procedures are shown by Doorenboss et al., (1977); Chumo et al., (2011).

b) Wind Speeds

The wind speed and ET, for Rusinga was calculated from historical data obtained from a
station within a distance of one kilometer of the wind pump site as in Table 5.1. It was
however not in use and the 2 m height wind speed data indicated speeds range from 2 m/s to
3m/s. The initial preliminary wind measurements at the wind pump site showed the range to

be within the 3m/s to 4m/s as later confirmed from the observed data taken from October to

December season.
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Table:5.1: Rusinga and Ng’ura Mean Monthly Wind Speeds (m/s)

Month N Missing Mean SD
Jan 341 0 2.94 0.57
Feb 311 30 3.08 0.65
Mar 341 0 2.99 0.60
Apr 330 11 2.60 0.52
May 341 0 2.28 0.43
Jun 330 11 2.32 0.38
Jul 341 0 2.45 0.45
Aug 340 1 2.56 0.43
Sep 330 11 2.62 0.41
Oct 341 0 2.63 0.52
Nov 330 11 2.61 0.66
Dec 340 1 2.78 0.47
Annual Avg  335.67 6.3 2.65 0.508

N is number of observation, SD is the standard deviation.

At Ng'ura, there was no nearby weather station to help in the estimation of the crop weather
parameter especially evapotranspiration (ET,). The reference evapotranspiration (ET,) values
were arrived at by use of data from Kisumu, Rusinga and LocClime software. This was
because they exhibit similar features to Ngu'ra. The wind speeds data were used in

installation of wind pump and for the design of the drip irrigation system.

5.2.3 Wind Pump drip Irrigation system efficiency

a), Discharge

The key parameters for the WPDI system discharge were wind speeds and the reference
evapotranspiration; Ng'ura site illustrated a case where both the data and parameters were not
available while Rusinga, had inadequate data pts. They were respectively used in illustrating
single off take WPDI (Figures B5.6 and B5.7 in the appendix) design and how the system
discharge performance was determined. The process is repeatable for all the outlets (off

takes) and the variable discharge along the pipe line.
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The system discharge for the wind pump was determined according to Vermeiren and Jobling

(1980) and Seleshi et al., (2009) as illustrated in the result’s Table 5.11 in section 5.5.5 and it
aided in estimation of system discharge for Ngura. The parameters of crop water requirement
as a factor in the design are summarized in the following equations (5.1 to 5.4) and Table
'5.11. The evapotranspiration values were calculated from Ep,, data and used to derive IR,
and IR,, values together with the other parameters shown in the results Table 5.11 in section

283

Y O X T —— (5.1)
1 MO R o) T I 2 P R S —————— (5.2)
Or

o IR A R T ———— (5.3)
TS L T ——- (5.4)

where: IR, = net irrigation water requirement, L, = leaching requirement, R = water received
by the plant from other sources other than irrigation, IR; = irrigation requirement. Fc =
Volume moisture at field capacity (%), d, = maximum allowable depletion (%), R, = soil
depth or root zone to be considered in meters, P = volume of the soil wetted as a percentage
of the total volume, and y;, = bulk density of the soil (others as defined in Table 5.11). K =

water storage efficiency, E, = design emission uniformity. Wp= Wilting point.

The wind pump performance Table 5.2 was used to determine the discharge at the specific off
take. The Table shows the pump head (H;) in meters, diameter of the rotor, wind speed
interval (m/s) and the corresponding discharge. Table 5.2 illustrates the arrangement given by
the manufacturer, which was modified in the top row by replacing discharge with wind speed
and by adding columns below. The table shows percentage head loss (J) and head loss (H)

within the pipeline. The J, H and Q values are variables of size and length of pipe; in this case
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they were specific to the main line of 50 mm diameter with length of 290m. The H; values

given include head (m) due to mainline.

Table:5.2: Calculated J & H Values - Based on Kijito Wind Pump Performance

Wind speeds (m/s)

Head (H,) (m) 2-3 3-4 4-5
10 ] Q/Qo H J Q H J Q H
20 0.64 0.79 1.86 4.3 221 12.6 18 471 51
40 0.2 0.42 0.58 1.25 113 36 ] 238 14.4
80 0.12 0.21 0.16 0.32 0.54 0.92 1.3 117 39
120 - - 0.17 038 0.48 06. 079 1.86
160 - - 0.1 0.29 0.29 0.4 0.58 1.05
200 - - - 0.06 021 0.17 0.2 0.46 0.69
240 - - - - - - 0.2 0.38 0.48

Rotor diameter = 6.1m
where, J= Headloss in percent of pipe, Q = system discharge, Hs = determined total head for

the drip-irrigation unit, topographic head (H), manifold and main line/others of 22.15-; (m)

As .for the Rusinga wind pump case, the discharge was obtained from Table 5.2 based on
Figure B5.7 in the Appendix against the calculated head and compared to the standard
calculated water requirement to specify the system discharge (Q,). These corresponded only
after varying some of the limiting factors such as suitable emitter discharge, system
discharge, irrigation interval, duration and area as shown in Table 5.3. Instinctively, the wind
pump output should be greater than or equal to the calculated crop water requirement so as to

satisty the crop water requirement. All together, the size or length of the pipe can be varied,

new values obtained and the calculations repeated.
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Table:5.3: Micro-irrigation System Parameters

Parameter | II I v \'

qq (L/hr) 3.5 18.4 35 35 35
Q, (m*hr) 0.86 4.6 ‘ 1.7 0.79 0.86
I; (days) 3 12 5 3 3

I, (hours) 16 12 12 7 16
P, (m) 10 10 10 10 10
Ap (m?) 2x2 2X2 09X2 09X2 2x2
A, (ha) 0.1 0.1 0.09 0.04 0.1

where: (qq)= suitable emitter discharge, Qs =system discharge, I;=irrigation interval
(Iy)=irrigation hours and (A.)=irrigation area P. is the pump elevation, I to V= roman

numbers for choice of a suitable emitter.

The Rusinga main line was previously installed for purposes of water supply to a school and
the hospital. The wind pump drip-irrigation system was installed on the mainline through a
combination of design and a check on hydraulic characteristics. This was by use of Hazen
William's equation together with Christiansen’s (1942) moditfying factor (F) for the system
discharge in the design of the hydraulic system, the manifold and the laterals as shown in
Sadeghi et al, (2011). The 20% rule (Benami and Ofen, 1983) was used to achieve the
maximum allowable range of uniformity coefficient (C,) for the drip irrigation. The irrigation
interval (I;) and system discharge (Q,) were calculated based on CWR equations 5.1 and 5.2

and by specifving the other parameters as listed in Table 5.3.

A choice was made for (qq), (Qs), (I), (In) and (A,) taking into account to Table 5.3 but
pegged on values of qq and Q. Emitter discharge choice was based on crop spacing to ensure
that the discharge point was at the foot of the crop and type available. Change of any of the
variables of equations (5.5 and 5.6) also adjusted the Qs and qq In Table 5.3, only qq and P
were reasonably held constant among the five option choices, signifying specific emitter and
wind pump. The guideline was to design an option with parameters that complied with 3.5

I/hr emitter size, wind pump/wind regime capacity of 3-4 m/s or water available, crop water

requirement and system discharge (Q,) of 1.7 m’/hr restricted by the wind pump.




From

Qa0 = IRy Ap/ly and Qs = L Ap IR A0 Dy covoeeeeeerereereveesesoseeoeeon (5.6)

The five system optional operational conditions were developed as in Table 5.3. Option V
was selected at preliminary design stage because, one lateral was damaged and secondly, the
largest emitter spacing obtained in the market was 0.9m and this changed at installation stage.
Trial of option III indicted that the wind pump was able to provide 1.7m%hr, contrary to what
was expected from the Rusinga historical wind data and performance of the Kijito wind
pump. In order to fully determine the irrigation period, the issue of the threshold wind speed
availability needed to be answered and it formed the basis of wind speed availability in terms

of interval and period of measurement.

b) Field Evaluation of the Drip-irrigation

Evaluation was carried out at Rusinga and expressed in the following equations.

By = KBy OF 100,000/ K, By corvissesmmns senmmmsmesms bt mmmessss ses sesmmsms npecs (5.7)

where: E, = irrigation efficiency, K, = water storage efficiency, E, = design emission
uniformity. Other aspects of drip-irrigation evaluation that were considered are monitoring of
the soil inactive exchange with the water/the nutrients, the percentage-wetted soil (p). K and

p (35%) were both estimated.

A horizontal axis wind pump was directly - coupled to a drip-irrigation system at Rusinga
Island and its field performance established by 39 test runs for a period of 20 days and 10
minutes each. The choice of time of test-runs was such that it captured the difference in the

wind speed pattern of the area, three times daily for the period of the tests (10.30, 12.30 and
15.30hrs).

113




The Kijito wind pump was the main power source for the 900m’ drip-irrigation unit with

pressure compensating emitters. The unit was designed for mature passion fruits and had
emitter spacing of 0.9m x 2m limited by market availability. The Potential evapotranspiration
was determined by Pan Evaporation method.

The other irrigation parameters related to climate (effective rainfall, ET crop and soils

(Leaching Lr) were either calculated or estimated.

The study used the procedures proposed by Bralts (1980) and Vermeiren et al., (1980) to
determine the uniformity of distribution (E, and E,,;) as given in equations 5.8 and 5.9.
During the test runs, ten minutes was selected for turn on and off of inflow to the irrigation
unit. Pressure reading was only taken at the head control unit because of lack of pressure
gauges and proper attachment equipment. A sample field test-run (Table 5.4) together with
field layout (Fig. B5.7) shows the test-run details.

B, Minimum rate of discharge per plant (5 8)
u — A‘uerage rate Df discharge pe?— plant -------------------------------------------------- -

100 | gmin Qavg
o i s T . 59
EUA 2 [q avg & x ] ( )

Where E, = field emission uniformity as a percentage, qmin = minimum discharge rate
computed from average of the smallest four readings per test run, g, = average of all the
field data emitter discharge rates, E,= design emission uniformity (Keller and Karmeli, 1975:
Pankaj, 2013), E,, = absolute uniformity as a percentage and qx = average of the highest one-

eighth emitter flow rates.
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Table:5.4: Sample Field Micro-Irrigation Test Run (3.20 - 3.30 pm)
LOCATION OF LATERAL ON SUB MAIN

Inlet End 1/3 Down 2/3 Down Far End
Distribution Location on Discharge Discharge Discharge Discharge
the Lateral (1/hr) (I/hr) (1/hr) (I/hr)
A 3.6 3.7 3.5 34
Inlet End B 35 3.6 34 35
Tir.m: (Min) 10 10 10 10
Aver. 3.6 3:7 3.5 3.5
A 33 33 3:5 3.4
1/3 Down B 3.4 3.4 34 33
Time (Min) 10 10 10
Aver., 34 34 34 34
A 3.5 3.3 33 34
2/3 Down B 3.5 33 3.4 3
Time (Min) 10 10 10
Aver. 3.5 3.3 3.4 32
A 2.9 3 3.1 3.1
Far End B 3.1 33 34 34
Time (min) 10 10 10 10
Aver, 3.0 3.2 3.3 33

53 Results and Discussion

The design and performance evaluation of a wind pump drip-irrigation (WPDI) system at the
Lake Shore required that the aspects and parameters were either accurately determined or
estimated dependent on the conditions for implementation. Though the hydraulic calculations
are routine process, challenges are occasioned by the spatial and temporal variations of wind
speeds. Chumo ef al., (2011) recognizes that each region requires an established method for
accurately determining ET, (PenMan Equation, Radiation, Pan Evaporation and Blaney-
Criddle Methods). Knowledge of the crop development stages, ground cover, management

practices and climatic conditions are important in determining the crop coefficient (K¢).
Other factors include the percentage-wetted portion of the total soil volume (Wp) and the
non-beneficial evaporation (K;), which occurs in the conventional irrigation methods.

Research is necessary to circumvent the challenges of obtaining information for every

locality.
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Economic conditions often do not allow for this and especially in the developing world. This

is coupled with the wind regime which should be synchronized to only a particular design of

a wind pump.

Equivalently, there are various approaches to the characterization of wind regime, problems
with data availability, choice and use of predicting equations, density and sustenance of
measurement facilities especially in the developing countries. Hence before embarking on the
design and performance procedures, adequate understanding of the conditions of the drip-
irrigation, wind, wind pump and their performance need a thorough situational review. Figure
5.1 may also serve to explain this. It also symbolizes a sprinkler design where emitter is the
sprinkler head, motorized pump becomes the wind pump (WP) and wind regime (WR) serves
to illustrate the horsepower of the pump, which may be varied for the same environment. The
challenges may be quite specific but the design approach and performance procedures above

illustrate key parameters required.

Another factor was the water availability and quality, the availability defined by crop water
requirements and wind pump operating output at the available wind regime (Qs). Water
quality for the system was taken care of by the preliminary assessment and appropriate filters
introduced (Table 5.5). Solution to issues on aspects and parameters are hence illustrated

below for the determination of field performance of wind pump drip irrigation.

5.3.1 Lake Fluctuations and Pump Well Bottom Level

The Kisumu lake level gauge height data (1964 — 2005) used as reference varied from 13.06
m to 11.5 m. The lake level variation as is observed in segments of two decades were as
follows; (1964 — 1980 is 13.06 -12 m), (1981 — 1997 is 12.5 — 11.5 m) briefly increasing from
12.5 to 13 m between 1998 to 1999; 2000 — 2004 (12.7 - 12.00 m) and from 2005 the drop
was from 12.5 m to 11.5 m. As is in Figure 5.1 the level fluctuated showing a declining trend
for each of two decades oscillating on an up and down boundary range of one meter. By the
year 2005 the oscillation dropped from 13.06 — 12 m in 1964 to 11.5 m to 12.5 m indicating a
reduced lake level depth of 0.5 m. The fluctuations lower limit range is therefore tending
towards gauge height of 11.0 m or lower. This is indicating that the depth of the Lake

Victoria in Kenya is declining.
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The 0.5 m drop from the site topographical survey showed a 30 - 35 m horizontal distance

recession of the lake level. This could be less or more along any of the perimeter of the Lake
Victoria. The low lake level should be monitored once in 10 years which is an important
factor for positioning and laying of the water intake, intake line or the profile and this is
considered together with the fluctuation range. By use of a temporary bench mark and the
topo—survey, the non-geo-referenced water level was determined as 97.87 m. at Ngu’ra. One
meter ﬂuctuatioﬁ range of 1964 to 2005 was therefore subtracted off this level for positioning
the indicative bottom level of the well for the wind pump. This if the trend remains

consistent, will form the lower possible fluctuation range for a minimum of two decades. This

should be adequate for the life time of the wind pump. Any other water source could also be

analyzed for sustainable pump installation.
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Fig: 5.2: Kisumu Pier Lake Level Gauge Height Variation

5.3.2 Water Quality and Availability
A summary report of the water quality analysis at Ng'ura is as in Table 5.5. The lake and

river water are good for irrigation when comparing their parameter characteristics in Table
5.5 to the standards as in Table A5.15 and A5.16 in the appendix. The only basic requirement
in this case, is filtration and tank sedimentation for use with drip irrigation as opposed to
direct hose irrigation. The domestic water needs additional safe-handling for example boiling

and other possible home treatment. The system envisaged that local methods of water
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treatment would be instituted when used for the domestic purposes. Since better quality in
this case implies cheaper or simple procedure of managing the water, the lake intake (site
No.2) was preferable due to its relative superior water qualities compared with the river water
from site No. 1. The lake water quality variables showed indeed need to monitor the water
from onset and throughout the life time of the system. The established values should serve as
datum in view of possible changes (availability and quality) that may occur overtime of the
project operation. This is a factor that should be analyzed for any irrigation and especially

drip irrigation.

The water quality at Rusinga, however was good for irrigation because the shore line was

sandy, deep with less influence from waves.

Table:5.5: Lake Water Quality at and Next to Ng'ura Drip Irrigation Site

H/Bay Sewerage Site River

Parameters Works Bishop House 2 Mouth Site 1 Ragwena Bridge
A B c A B C A B C A B C A B C
Physical
g:‘g;‘pmmre' 253 24 246 254 234 24 247 238 241 252 238 245 244 24 247
TSS (mg/l) 142 320 496 18 204 384 368 454 488 760 168 240 448 168 484
Chemical
TDS (mg/l) 94 73 82 73 74 715 12 76 75 1410 97 605 558 97 534
(LES;C)“W 210 154 110 155 157 154 153 161 163 2910 205 1242 1154 205 624
Salinity (ppm) o1 01 o1 o1 ol 01 o1 ol ol 15 o1 06 06 01 04
PH 8 78 85 79 9 8 75 75 8 8 75 75 85 75 8
&;‘i;“ka““‘“ 101 68 8 51 52 72 84 98 78 886 82 684 504 82 310
Hardness (mg/l) 68 72 76 46 44 46 48 70 72 426 68 120 362 68 184
F;i:fl’)"’e‘ml 6.8 5 66 65 6 6 68 58 68 32 22 24 28 22 2
Nitrates(mg/l) 08 08 09 02 02 03 034 021 018 0.1 16 02 01 058
angl}aph‘“?h“e 06 09 07 05 05 05 005 06 06 06 03 048 05 03 09
Chloride (mg/l) 58 65 52 38 54 41 54 56 48 125 52 58 114 52 48
Tron (mg/1) 006 079 007 005 06 0 005 12 08 005 03 0048 008 03 006
Biological
T. Coliforms
(No/100m) 200 123 120 130 105 100
F. coliforms
(No/100ml) 92 102 84 110 66 106
A =7.10.2004 B =29.10.2004 C=1.3.2004

Where A, B and C are the respective sampling dates.
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5.3.3 Estimating Reference Evapotranspiration at the Lake Shore
One parameter that has been of interest in irrigation for a long time is the ETo, especially

within the lake Shore where there is problem of lack of developed standards and inadequate
data. This hampers the use of the resource equations (equations 5.5 and 5.6) and the existing
formulae; Pan Evaporation, Pen Man equation, Radiation method and the temperature based
Blanney — Criddle. Achievement of this may be alleviated through other approaches such as
satellite data or specific software’s developed to estimate data. It’s from these estimates that
the IR, is arrived at by choosing the weather or soil formulae approach as is in Equations 5.3
and 5.2 respectively. The discharge (Qs) from a wind pump should therefore balance with the

parameters for the plant growth.

The satellite data are available for short durations and are inadequate. The reference
evapotranspiration (ETo) was hence calculated using Penman Montieth formula with the
availf;tble recorded data at five stations as in Table 5.6. In the Table there are also the low and
high estimates based on the Loc Clime (Lce) estimator as designated by letters L and H. It is
established that ETo calculated according to Penman and those according to LocClime
software estimator are comparable for high values. These are shown in Table 5.6 and
supported by Figures 5.2, 5.3 and B5.5 in the appendix. The accuracy depends on the
database of the LocClime estimator. The LocClime estimator uses numerical methods to
estimate values of the desired locations. This is done with adequate data base information for
locations around the site at which estimation is being undertaken. All the data used (Kibos,
Ahero, Rusinga for example) for comparison were not factored within the data base except
Kisumu. It did not have a way of including the data available from these other weather
stations. If this were available, the method should have additional benefits and the ETo
derived from LocClime software estimator will therefore be even better usable in estimating
the Lake shore ETo.
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It was found that Penman method gave ET, of 4.96 mm for Ahero, 4.85 mm for Kisumu, 4.8

mm for Kibos, 4.3 mm for Kadenge, being the lowest. The New LocClim 1.10 however gave

4.4 mm for all the stations. The ETo based on Hargreaves gave 3.8 mm for Ahero, 3.1 for

Kisumu, 2.8 for Kadenge and 3.7 for Kibos. Sample result for Ng’ura and Kisumu is as in

figure 5.3 above while for the other stations are as in F ig 5.2. Figure 5.3 is specifically for

Kisumu compared to Ng'ura.
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Hargreaves output lagged behind both Penman and New LocClim 1.10 methods, but the

patterns (Fig B5.5 in appendix) of the trend lines for the months of the year were similar.

As in Table 5.8 below, Hargreaves trend line (Kadenge) needs a factor of 1.59 and 0.98 to
respectively be at the same level with New LocClim 1.10 and Penman, while LocClim 1.10
requires a factor 1.62 to be at the same level as Penman. In the neighbouring wetter climate
of Kericho factors of 7.11 and 6.17 are required for Hargreaves to approximate Penmans and
Lce (ETo). It can be stated that both Hargreaves and Lce with factors generated for the LS
can be useful way within the LS for estimating ETo equivalent to Penman. The ratios
generated for Kericho are higher for (Pen/Hargr, Lce/Harg) compared to Pen/Lce with
reference to the other LS ratios (Table 5.8). Hence one can use Hargreaves where data is
available and Lce where data is unavailable to estimate the Penman ETo estimates within the

LS, also due to consistency observed in the trend lines.

It’s observed that the LC suggests that the local climate within the LS is fairly similar with
respect to Penman as was found with the estimates. This preliminarily can be attributed to the
data base of New LocClim 1.10 which does not list or include data from the listed stations in
Table 5.6. Kisumu/Kadenge and Kibos/Ahero as in Table 5.8 suggest their factors are
comparable and respectively are close to the lake and inland. These suggest that ET, varies

with distance from the lake.

Table:5.8: Ratios of Lake Shore ETo Estimate

Station  Pen/Hargr Pen/Lce Lce/Harg
Ahero 1.3 112 1.16

Kisumu 157 14 1.43

Kadenge 1.59 0.98 1.62
Kibos 1.3 1.08 13

Average 1.44 1.07 1.35

Kericho 7.11 1.16 6.17
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5.3.4 Estimating Wind Speeds at the Lake Shore
The measured and the Loc Clime generated wind speeds are as presented in Table 5.9. The

generated wind speeds are generally lower than the measured except in Kisumu where there
is agreement on the average values. This is not surprising for wind speeds because they
depend on the locality. Kisumu’s data is also part of the data base used for estimates for the
surrounding area of the lake shore. The Table 5.9 thus indicates that an average factor of one
is required in order to arrive at the measured wind speeds for Kisumu. At Rusinga and
Muhuru the factor is respectively 2 and 1.8. Use of either of the factors brings the Loc Clime
estimated figures to compare closely to the measured data. Based on this, it is expected that
wind speeds at Ng’ura should also have wind speeds that average 2.6 m/s to 2.9 m/s at the 2m
height of measurement. These average wind speeds strength when extrapolated to 10 m above
the ground level are adequate to drive a wind mill and are favourable for use with drip

irrigation. These can further be compared to actual data measured as when measured at site.

Table:5.9: Ng’ura LocClim 2m Monthly Wind Run Estimate

Ng’ura Loc Clime Wind Estimates

Kisumu K-Loc Rusinga R-Loc Muhuru M - Loc Ng’ura Loc

1.57 1.7 2.87 1.6 2.53 1.7 1.1
1.7 17 3.02 1.6 2.63 1.9 1.2
1.72 1.8 2.98 1.3 271 1.8 1.2
1.38 1.3 2.55 1.1 2.33 1.3 1.2
1:12 1.2 223 1:2 2.25 1.2 1.6
1.12 1.2 227 1.2 229 1.2 1.6
1.27 1.2 24 1.3 247 1.2 1.6
1.44 13 2.55 1.5 2.7 1.3 17
1.46 15 2.6 17 2.84 1.5 1.7
1.38 1.3 2.59 1.3 2.78 13 17
1.38 1.3 2.54 1.2 255 1.3 L5
1.49 1.7 2.75 1 248 1.7 1.2
1.4 1.4 2.6 1.3 2.5 1.4 1.4

5.3.5 Design and System Discharge
The intake site for Ng’ura and relation to the sump are depicted in Fig 5.4. The labeled

vertical axis represents the depth of the wind pump sump. The water level is the horizontal

line between the existing ground level and the dug level. The two coincide at approximately
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180 m where the ground level represents the lake bottom level into the lake. The inspection
chamber and sedimentation tank were added to give support in cleaning of water supply from

the Lake at the intake side. It is on the sump that the wind pump was installed.
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Fig: 5.5: Wind Pump Sump Lake Level Relationship;

The design process/approach is a two-sided concept (Kabok and Chemelil, 2005) that must
relate system discharge and the crop water requirements (CWR) for the balancing of the
parameters in equations 5.5 and 5.6. Headloss (H;) for the system in Fig. B5.7 in appendix 2
(22.15m) included: P, = 10m, topographical head (6m), system frictional head loss (1.6m),
mainline losses (7.7m) and 1.45m for the other losses due to additional equipment added to
the system (filter, water meter etc). Table 5.1 as a first guide to wind speed characteristics of
the area, showed that mean monthly wind speeds varied between 2.32 ms™ in June to 3.1 ms™
in February. Deviations below the mean lower than 2 ms" were in the months of June and
November. It was observed that supplementary irrigation within the lakeshore would be most
necessary between March to August, when water deficit exists. Monthly mean wind speed

range, considering yearly average and monthly standard deviations is observed to be between

2-3 ms™ (Table 5.1).
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From the wind speed range (2-3m/s), wind pump discharge size (Qs) and using Table 5.2, the
system discharge was determined by interpolation as 0.62m>/hr for a total head of 22.15m
lying between 20m and 40m total head. This however, could not be sustained by any of the
options in Table 5.3. Test runs at site indicated that wind speeds were actually in the range of
3 - 4m/s (Table 5.13 in section 5.5.6). Option III (Table 5.3) was therefore selected for the
operation because the system discharge of wind pump was 1.7m’/hr based on the water

requirement.

The Pan Method results (Table 5.10) as opposed to Radiation, Blarney Criddle and Penman
(modified) 1948, was selected for computation of water requirements. The ET, values based
on Epan were considered average compared to the other methods, thus used to avoid over
irrigation or under irrigation. Also that in the LS region, the equipment and data for the Pan
method is more easily available. The maximum ET, of 5.5 mm/day (Table 5.10) was
determined for the month of March with gross irrigation water requirement of 4.6 mm/day.
The maximum irrigation interval based on soil and ETcop parameters was thus calculated (12
days), for the required emitter and system discharge. This meant that for maximum crop
water requirement in this case, irrigation was possible for 0.45 ha per season, on 12 hour day

irrigation, 5 days interval and system discharge of 1.7m?/sec.

Table:5.10: Mean Daily Potential Evapotranspiration, Rusinga Data (1972 — 1981)

MONTHS
METHOD 1 2 3 4 5 6 7 8 9 10 11 12
Blaney-Criddle 53 5 41 39 39 38 37 38 4 44 42 48
Pan Evaporation 52 53 55 44 41 4 43 46 5 52 46 49

Pen Man (1948) -Modified 64 6.6 62 55 51 5 52 55 B9 G2 S8 6.1

Radiation 66 64 62 59 57 54 53 57 6 6.6 6.1 6.2
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Table:5.11: Seasonal Water Requirement of Passion Fruit at Rusinga Island
MONTH OF THE YEAR

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

ETg Pan Evap.

5 52 46 49 52 53 5.5 4.4 4.1 4 4.3 4.6
mm/day.
K, 085 085 085 085 09 09 085 085 085 085 085 085
K, 0.88 0.88 0.88 0.88 0.88 0.88 088 0.6 0.6 06 06 06

ETeop mm/day 3.7 3.9 3.4 3.7 4.1 4.2 4.1 22 2.1 2.0 22 2.3
K 1 1 1 1 1 1 1 1 1 1 1 1

Ey 5% 3 S 1 SR 0 (N VO 1A o N 1 I (5 A (5 A 15 O % i S 1 0 (O 8 1 |
IR, mm /day 4.1 4.3 3.8 4.1 46 47 4.6 24 23 22 24 26

R,

369 387 342 369 414 423 414 216 207 198 216 234
L/day/Plant

NB: Irrigation interval = 5 days, hours per day of irrigation = 12, Area per plant = 1.8 m>.

where E, = irrigation efficiency, K. = crop coefficient, E, = design emission uniformity, K, =
takes care of non-beneficial evaporation which occur in the conventional irrigation methods,
K = water storage efficiency, ET, = potential evapotranspiration and ETae = crop

evapotranspiration.

The same time period of the wind speed measurements was used for evaluation of the
designed and installed wind pump drip irrigation system. Ordinarily, the established wind
speed range from such data would be used to select a wind pump rotor diameter for a system
to be established. In this case, the wind pump was installed hence the data together with the
Kijito wind pump performance Table 5.2 was used for determining the possible discharge
from the wind pump. The table is always obtained from the particular wind pump

manufacturer.

5.3.6 Irrigation field Efficiency Tests

A total of 39 test runs were carried out three times daily in the month of November. The
choice of time of test-runs captured the approximate difference in the wind speed pattern of
the area. The pressure variations were taken care of by pressure compensating emitters used

and the consistency nature of WS during the irrigation period LS.
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Results of the average discharge of the test runs, the amount of water passing to the irrigation
unit, pressure at the control head and the calculated emission uniformity (E,%) are given in
Table 5.12. Table 5.13 presents the calculated minimum discharge for the test runs,
coefficient of variation (CV) of discharge of test runs, average wind speeds of the one hour
measurement period that covered test run interval, and the absolute emission uniformity of
the test runs calculated using equation (5.9). Sample result of a test run and calculations are

given in Table 5.4 in section 5.4.1

The efficiencies given in Tables 5.12 and 5.13 are the result of equations 5.8 and 5.9.
Average discharges in the respective tables were the result of sample test-runs, example given
in Table 5.4. The sample test-run shows location of laterals on the manifold and the

distribution points on the lateral.

The average of two adjacent discharge points denoted by letter A and B was taken as a single
discharge point and resulted into sixteen discharge points within the micro-irrigation unit.
The averages of the discharge points for each test-run time were then tabulated as in Table
5.4. The minimum discharge expressed as the average of the four lowest readings within the
test-run unit was in turn tabulated as in Table 5.13. The average and minimum discharge of
the two forms of efficiencies, for each day of the test-run irrespective of time of the day is
further shown in Figures B5.8 and B5.10 in the appendix. Time system of emitter discharge
and uniformity coefficients with regard to the time of the day are illustrated in F igure B5.10.

in the appendix.
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Table:5.12: Emission uniformity coefficient micro irrigation Test Runs — Rusinga
Island
Diate Average Discharge Average Discharge at Pressure at Control Head Ey%
ml/10 min/emitter Control Head m*/10min (bar)
Time 10:00 1230 3.20 10:00 12.30 3.2 10 12.3 3.2 0 123 32
3 496 570 533 034 - - 90 91 95
+ 528 536 549 032 021 034 94 94 93
5 551 577 535 022 @034 047 93 93 95
6 493 531 538 031 021  0.31 94 95 96
9 570 534 560 023 047 043 95 90 93
10 557 533 561 023 033  0.39 91 95 91
11 534 553 550 023 034 0.33 >0.8 > | >1.2 91 95 97
12 538 534 552 033 043 025 > 0.8 >1 >1.8 94 94 92
04 -
13 531 535 562 043 033 024 0.6 1-1.6 >1.6> 94 94 94
1.2 -

14 509 519 530 0.31 043 031 >0.4 1.8 1-1.8 94 95 95
16 565 517 570 037 03 0.24 0.8-14 04 142 94 95 96
18 545 556 558 023  0.34 044 0.8-1.6 0.6 1-24 96 95 94
19 524 543 600 032 026 045 0.6 2-Jan - 94 96 97
Aver. 534 541 553 03 033 035 - - - 93 94 94

Table:5.13: Absolute Emission Uniformity Coefficient, Micro-irrigation Test Runs -
Rusinga Island

Av. Min. discharge Coefficient of Test Run Average E,

Date  mVl/10 min/emitter variation (CV) Wind Speed

Time 10 12, 3.2 10 123 32 100 123 32 10 123 32
3 448 518 1015 8.1 6.6 43 3.2 4.1 94 90 91 95
4 495 502 3513 5:1 51 5.8 32 22 32 93 93 93

5 511 549 506 5.8 37 5 42 39 36 93 95 93

6 465 502 516 42 42 4.1 28 2.8 39 94 95 95
9 543 479 521 3.8 81 49 45 39 62 94 91 94
10 505 527 511 6.4 39 7 45 35 - 91 95 92
11 487 486 533 6.4 57 3.1 24 5 - 91 92 96
12 504 504 509 53 46 6.1 26 39 31 93 93 91

13 497 502 530 6.1 43 43 1.7 3.8 41 92 94 94
14 479 493 505 4.3 + 4 21 35 46 94 94 94
16 533 491 547 4 46 4.2 37 3 3.6 94 94 94
18 321 526 525 4 46 4.5 24 29 43 95 95 94
19 492 522 579 4.9 3.1 3 1.9 36 29 94 96 97
Aver 498 508 523 5.3 48 4.6 3 3.5 44 93 94 94
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Table 5.14 summarizes the analysis of variance for time of tests of 10.30a m, 12.30pm and
3.20pm. A one-way analysis of variance was used to check on the difference that could occur
in the average emitter discharges. The computed F-value and tabulated was 2.93 and 3.27
respectively. The probability (P-value) at 5% significance level was 0.661. This result shows
that the difference in average discharge was not significant. This study therefore concludes
that the discharge averages were constant at head control unit irrespective of pressure
developed by the wind pump at different wind speeds. This confirms consistency in

performance of the system.

Subtracting minimum discharges in Table 5.13 from average discharges in Table 5.12 shows
that the closer the difference to the total group standard deviation of 21 (Table 5.14), the
higher was the percentage uniformity coefficient achieved. This is also exhibited in Figures
B5.8 and B5.10 in the appendix. Any difference that was lower than two standard deviations
showed uniformity coefficient lower than 93%. Increase or decrease in system discharge
cannot be perfectly matched to the efficiency coefficients. This could be attributed to wind
speed, the pressure compensating nature of the emitters and the water held in the pipe line
which could be pushed to the unit at minimal wind speed. Owing to the large interval of wind
speed (1hr) measurements and the small test-run interval, this effect could not be explicit. It
is evident that the system efficiency did not follow wind speeds; it depended on the
difference between the minimum and the average discharge with regard to the standard
deviation. The coefficient of variation (Cv) was therefore also influenced by this

phenomenon.

Table:5.14: Analysis of Variance of Mean Emitter Discharges

Time Mean Sample Group Std
Size Deviation
1030 am  533.92 13 24.336
12.00pm 546 13 19.425
3.20 pm 553.69 13 18.741
Total 544.54 39 20.983
Degrees of Sum of  Mean F P
Freedom Squares  Square
Time 2 2582 1291 293  0.0661
Error 36 15849 440.27
Total 38 18431.7

Foos, 2, 36 = 2.93, Cases included = 39, missing cases =0
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Water supply at control head varied between 1.8m%hr to 2.1m%/hr, this translated to 3.4%.
This meant that an average of 1.8m?/hr minimum water was available from the wind pump. It
supported the system design discharge choice of 1.7m%hr (Table 5.2). A one-hour average
wind speed was between 3.0m/s to 4.4 m/s, suggesting that 2- 3 m/s annual wind regime
chosen earlier had to be revised to a regime of 3-4m/s. Pressure at the head control unit
varied by up to 75% but was observed as non-significant (Table 5.12) for the emitter
discharge. This was confirmed by the insignificant variations by the test runs average
discharge and test run minimum discharge, which increased from 534 to 553 and 498 to 523
milliliters respectively. These varied with time (Fig B5.9 in appendix) and day of test
(Figures B5.8 and B5.10 in the appendix) but showed in Table 5.12, the efficiencies, the
average remained constant at 93% in the morning and 94% in the afternoon. This is attributed

to the temporal variations.

The average test run coefficient of variation (Cy) decreased from 5.3% to 4.6%, showing
some improvement though small. This pointed out that increased average wind speeds in the
morning meant improved average emitter discharges (Fig. B5.9 in the appendix) with time of
the day, which corresponded with increased wind speed within the day. The variations of
system discharges, efficiencies, and wind speed were consistent as shown in Figures B5.8 and
B5.10 in the appedix and Tables 5.12 and 5.13. Wind regime therefore, as the prime mover
was consistent. The design approach and approaches used can be upheld and replicated as
the pressure and discharge variations were well regulated by the pressure compensating
emitters. However, seasonality could affect results because of change of wind regime as was

exhibited in the day variations.

Vermeiren and Jobling (1980) found values of E, and E,, determined in the field to range
from 85% to 95%.respectively. Bralts (1981 a,b), on the other hand suggests that “the general
criteria for Eyand E,, values as; 90% or greater, excellent; 80 to 90%, good; 70 to 80%, fair;
and less than 70%, poor". It can be deduced from the foregoing that the drip-irrigation unit
performance was good based on trends above in spite of pressure variation due to wind
speeds. The performance could also be attributed to the kind of emitter used (self-
compensating) with an exponent value of nearly zero, screens at the head control unit, Arad

water meter, and the water meter also reduced the emitter blockage.
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5.4  Conclusion and Recommendations
The Lake Victoria Shore has potential for installation of wind pumps drip irrigation systems:
¢ these possible sites are affected by terrain characteristics and fetch distance surrounding the
wind pumps. Ng’ura was chosen as a case study site. In this case and others at Shore.
topography and especially intake positioning is critically affected by the lake level
fluctuations. It is an important factor in laying of the water intake works, as it was observed
that every 10 years there was a change in depth of the lake, with a cumulative decrease of
0.5m which translated to 40m horizonta] Lake recession from 1964 to 2004. It was also noted
that ET, values increased inland from the lake water body and this could be attributed to the
components (aerodynamic and thermal) of evapotranspiration. It was therefore noted that
closer to the Lake the aerodynamic component are higher and lower inland while thermal
effects are lower closer to the Lake and higher inland. Further that ETo calculated according
to Penman and those according to LocClime software estimator had two categories of high
and low estimated values. It is only the high value category that was comparable to the
Penman calculated value. The quantity and quality of water at the Lake Shore was within
limits for use in irrigation but needs for filtration and constant monitoring of water quality for

any variations

The emission uniformity coefficient (Eu) and the absolute emission uniformity coefficient
(Eya) obtained in this evaluation were hi gher than 90%. This confirmed that use of wind pump
with pressure compensating emitters perform.d acceptably well and gave equally comparable
values of E, and E,,. Morning or afternoon wind speed variation resulted into a one percent
difference of 93% to 94%. This meant that the choice of wind pumps performance range;
design criteria and the efficiency of irrigation achieved were acceptable for use in a wind
pump drip-irrigation system. Wind to discharge conversion efficiency however needs to be

determined when appropriate equipments are available.

Irrigation with different wind pump rotor diameters however will need adjustment of
irrigation area because each rotor diameter performs differently in the same wind regime. The
behavior of non-pressure compensating emitters forms another important test area,
particularly to see the effect of wind speed variation with discharge along the laterals. Wind

tunnel test runs or other method of test would also be of interest in this regard.
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This study has demonstrated that a wind pump directly coupled to a drip-irrigation system is
viable. The approach of synchronizing crop water requirement with WPDI system, wind
pump discharge wind regime and the emitter discharge is considered a new development for

the use of the two otherwise separate systems to enhance use of green energy
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APPENDIX A: TABLES

Table:A5.15: Relative Clogging Potential of Water Used in Drip Irrigation Systems

Type of problem Minor Moderate Severe
Physical

Maximum suspended solids mg/i) <350 50-100 > 100
Chemical

Ph <7.0 7.0-8.0 > 8.0
Maximum total dissolved solids (mg/l) <300 500-2.000 > 2,000
Conductivity (dS/m or mmhos/cm) <0.8 0.8-3.0 >3.0
Maximum manganese concentration (mg/T) <0.1 0.1-1.5 >1.5
Fe concentration (mg/l) <0.2 0.2-1.5 >1.5
H2S concentration (mg/1) <0.2 0.2-2.0 >2.0
Biological

Bacterial population (maximum number per ml) < 10,000 10,000-50,000 > 50,000

Table:A 5.16: Water Quality Analysis

PARAMETER VALUE UNITS
Temperature 26.1 G
Colour - Pt/co units
Dissolve oxygen - mg/I1
Conductivity 720 umho/em
TDS 500 mg/|
TSS - mg/|
PH 7.46

Turbidity 11.2 NTU
Total alkalinity 465 mg/l
Hardness 28 mg/l
Residual chlorides -

Chlorides 17.5 mg/l
Fluorides 2.85 mg/l
Manganese 0.02 mg/l
Magnesium 0.972 mg/l
Calcium 9.6 mg/l
Ammonia 0.106 mg/|
Nitrate 0.08 mg/l
Orthophosphate - mg/l
Total phosphorus - mg/l
Sulphate 17.8 mg/l
Silica 20.55 mg/l
Iron 0.07 mg/l
Nitrite 0.03 mg/I

Sources: Modified from Hillel, 1982 and Hanson etal., 1994.
Notes: Electrical conductivity (EC) is a measure of the total dissolved salts (TDS). Approximately the

relationship is: TDS (mg/l or ppm) = 640 x EC (dS/m or mmhos/cm).
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Fig: B5.6:

Stations

APPENDIX B: FIGURES

Monthly ETo, Timbili, Kericho

6.00 I
5.00 -\\-
4.00 w”“"'\-c/ F\

. '-4&.,‘\-)_‘/ —®—— Hargreaves Eto

m 3.00 ‘ ~—m— Penman ETo
| LCE, Eto mvday
2.00
i W
oo L
Months
Ahlhero ETo
6.0
= 5.0 —e— Hargreaves ETo
';_ <.0 P E
£ aagd @000 Te—w—e 2 o 0 e | - enman To
= 2.0 + Local Climate
- 9.0 Estimatar ETo
o.o0 T T
T2 3 4 6§ 8 7 8 9 1011 12
Month
Kibos ETo
6.0
e —— -
i 5.0 i Y e Y —e— Hargreaves ETo
->— -

E 40 i‘—-—_.‘\‘ | 4, S _-"’A‘w

= PR e —=— Panman ETo

= 30

E 2.0 Local Climate
1.0 Estimator ETo
0.0 4 T T v T v T T T T T —

1 2 3 4 5 8 7 8 9 10 11 12
Month
Kisumu ETo
6.0
- - -
5.0 - - - - —e— Hargreaves ETo
= - =

= 4.0 =

= i 0——%—*.\ e - ~m— Panman ETo

z_ ¢ ~ e ———

= 2.0 Local Climate
1.0 Estimator ETa
a.0 T T T T T T T —

1 2 3 4 5 =1 i a 9 18 11 12
Month
Kadenge,. ETo
6.0
50 i —e— Hargreaves, ETo

g‘ - R e P

= 40 R - S .

= =— Penman ETo

=_ o ‘_—*"\\.__’—M . ‘_4“_"/"

E 20 Lacal Climate
1.0 Estimatar, ETo
0.0 v T T T T T v T v —

1 2 a3 4 5 6 7 8 9 10 11 12
Month

Graphical Representation of Estimate Methods of other Lakeshore

137




Fig: BS.')’:

|
o
o
<)

110400

Main Murrum Road

Motorable Path
Track / foot path
Seasonal Stream

Un Surveyed Wetland
Area

Contour line / Value
Spot Point / Height Value

Tree-line/Hedge

L

N , NG'URA WIND PUMP IRRIGATION PROJECT

f Detailed Topographic Map

Date: March, 2004

Drawing No.:

DEP/NGUA1/004

Surveyor: Nashon Juma

Techn. Support and Cartography:

Okotto-Okofto & D.R. Ouma

Prepared For:

DEPROTECS, P.O. Box 6881, Kisumu-Kenya

Topographic Map of Ng’ura Wind Pump Project

138




Plate 1: Water from Emitters
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CHAPTER SIX

GENERAL CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Despite the difficulties experienced in data collection and even obtaining it, what is available
gives a picture of the situation of wind speeds and other weather parameters within the Lake
shore. The stations were representative and fair in distribution. Wind is noted as a variable
resource within the Lake Shore area of Kenya by site, time, height and distance from the
shore line. It was also established that the identified three categories of sites
(Muhuru/Rusinga, Kisumu/Kadenge, Kibos/Ahero), wind speeds decreased as one moved
inland. This is attributed to the higher roughness coefficient at the inland due to terrain,
obstructions from human settlement and vegetation. The boundary layer also influences this
behavior, attributed to minimal obstruction with increase height. Wind speeds also varied
with time of day and seasons; were lower between 2000hrs to 0800hrs and increased
thereafter. Also they were higher during the dry seasons compared to both moderate and
rainy seasons. This is attributed to land and sea breezes caused by temperature difference.

Notably all these variations were observed with comparable similarity.

It is possible to predict or estimate wind pump discharges by using the instantaneous
discharge equations whose field performance may differ with type of wind pump and the
wind speeds. The conceptual frame work and the chart for discharges developed can be used
to determine irrigation depth and area for design, installation, operation and evaluation of the

WPDI system.

The following identified precedent aspects and parameters to be considered for a WPDI
system installation are: location and topography which was an output of a topo-survey, water
(quantity and quality) was determined to adequate though needed filtration for the system,
lake level fluctuation which varied vertically by 0.5m equivalent to 40 m distance surface
variation and was used in the design of intake works, ETo values varied between 3mm to
Smm daily. Soils (Kr) and Crop characteristics (Kc) were however estimated. The emission
uniformity coefficient (E,) and the absolute emission uniformity coefficient (E,,) obtained in

this evaluation were higher than 90%. This confirmed that use of wind pump with pressure
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compensating emitters performed acceptably well and gave equally comparable values of E,
and Ey,. Morning or afternoon wind speed variation resulted into a one percent difference of
93% to 94%. This meant that the choice of wind pumps performance range; design criteria
and the efficiency of irrigation achieved were acceptable for use in a drip-irrigation system.
[rrigation with different wind pumps rotor diameters; will need adjustment of irrigation area

because each rotor diameter performs differently in the same wind regime.

This study has demonstrated that a wind pump directly coupled to a drip-irrigation system is
feasible. The approach of synchronizing crop water requirement with respect to irrigation
unit, wind pump output (discharge) based on its characteristics and wind regime and the
emitter discharge is considered a new development for the use of the two otherwise separate

systems.

6.2  Recommendations
The major challenge faced during this study was data inconsistency, poor and inadequate data
Capture equipment, and their sensitivity hence need for advanced methods such as GIS and

satellite data capture.

Monitoring and evaluation of the WPDI system should be carried out to establish its,
economic viability, impact and potential of up/out scaling to other wind potential areas.
Controlled experiments should be done with other rotor diameters by use of wind tunne| tests

for the discharge evaluation.

The behavior of non-pressure compensating emitters to test the effect of wind speed variation

with discharge along the laterals.

Compare irrigation water application efficiency in relation to using other irrigation methods

(sprinkler, furrow, basin, pressure and non-pressure and compensating pressure drips).
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