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Abstract

It is becoming ever more important the automation of concentrated solar power (CSP) plants’ cleaning
procedures, especially for plants remotely located where it is hard for manpower to reach and maintain.
At the same time, it is necessary to improve the traditional heliostat cleaning methods in order to use the
least water possible avoiding methods that may damage the heliostats. The objective of the presented
work is to estimate the optimal way of utilizing ultrasonic cleaning devices with multirotors for heliostat
cleaning purposes.

In order to frame a strategy to understand the requirements and implications of the work required to
choose a multirotor, a high-level model for an ideal multirotor was developed. The model simulates the
payload capability in relation to the power required for it to make the optimal path for transporting one
or several cleaning devices through a heliostat field. The work is divided in two submodels. The first
submodel identifies flight-path of the multirotor and the second submodel simulates the multirotor’s drive
components and total weight, to find the optimal trade-off between the flying time and payload weight.
Keywords: UAV, Multirotor, Flight-time, Payload, Heliostat, Cleaning.

1. Introduction

As the years pass, the world continues to
face more intensely the consequences of climate
change not only as higher temperatures but as
extreme climate phenomena as consequences of
greater concentrations of greenhouse gases in the
air [1]. The major cause of the greenhouse gasses
is the burning of fossil fuels to use as other forms
of energy, therefore, the transition to renewable en-
ergy is one of the most important matters to stop
climate change. Recently, humans have developed
renewable energy technologies to directly capture
the sunlight and transform it into electric power
with photovoltaic panels (PV) or Concentrated So-
lar Power (CSP) technologies. Utility scale CSP
is a relative new type of solar energy and its ad-
vantages make it an essential technology to fight
climate change.

2. Background

The concept of CSP is to concentrate the solar ra-
diation on a heat transfer fluid (HTF) that is then
used as the heat source to produce steam and run
a turbine to generate electrical power or alterna-
tively, the heat is simply used for industrial pro-
cesses. The two most commonly used CSP tech-
nologies are the parabolic through collector tech-
nology, which uses concave mirrors to reflect the

sun rays into a receiver tube, and the central re-
ceiver technology, which is a newer technology that
uses slightly curved mirrors to point the sun rays
into a receiver. In the central receiver plants, the
mirrors reflect the sun rays to the receiver placed
on top of the central tower where molten salts are
used as HTF which is then stored in insulated
tanks. The hot tanks provide a thermal storage
which can be used when needed to produce steam
and run the power block.

The problem of some renewable energy tech-
nologies such as wind and PV is that they can only
produce electric power when there is wind and sun
respectively whereas the electricity demand con-
tinues regardless the weather conditions. The cur-
rent solution is coupling the wind farms or PVs with
batteries, but they are very costly and hazardous
for the environment. In the other hand, CSP plants
have the great advantage of storing the solar hours
in the form of thermal storage. Thanks to the ther-
mal storage, CSP can produce dispatchable en-
ergy that results in a great advantage over PVs and
other renewable energy technologies.

3. State of Art: Heliostat Cleaning Technologies

The efficiency of a CSP plant highly depends on
the reflectivity of the mirrors [2], therefore it is im-
portant to maintain the mirrors clean. The fre-
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quency on which the mirrors are cleaned depends
on the ground and weather conditions. For exam-
ple, the plants located in the north cape of South
Africa aim to clean the mirrors every 7 days1. In
other plants of the world, depending on the lo-
cation, the mirrors require less or even more fre-
quent cleaning. The most common technologies
for washing the mirrors are cleaning vehicles [3].
The main disadvantage of current technologies is
that they use big amounts of water that are spayed
by means of a hydraulic arm attached to the ve-
hicle. The second main disadvantage is that with
slight imprecise movements, the mirrors can be
damage.

CSP plants are located in high Direct Normal Ir-
radiance (DNI) zones which are usually desertic ar-
eas where the usage of water is a problem. This
is why new technologies are starting to be imple-
mented to reduce the consumption of water. The
project MinWaterCSP is investigating alternative
cooling system such as Air Cooling Condensers
(ACC) or hybridized cooling, as well as technolo-
gies to minimize the water used for cleaning the
mirrors by recycling it [4].

Alternatively, autonomous cleaning robots are
being investigated as the CSP industry looks
into automizing and optimizing the operations and
maintenance of the plants. For example, Figure
1 shows HECTOR, an innovative system that can
alone clean the entire heliostat with the help of an
operator which distributes it along the field. Its ben-
efits have been tested and validated. Apart from
using a few liters of water to clean the entire helio-
stat, it cleans uniformly because of its direct con-
tact with the surface and achieves original reflectiv-
ity of the mirror even after extreme dirty conditions.
Additionally, this technology is delicate and elimi-
nates the risk of the big cleaning trucks of breaking
the mirrors. Taking into account that one operator
can manage several of these robots, this concept
maximized the cleaning capacity per operator thus
optimizes the plant’s operations [5].

STERG (Solar Thermal Energy Research
Group) is investigating the possibility of integrating
ultrasonic cleaning system into a robot that will
clean each individual mirror and will be trans-
ported around the field by means of a multirotor.
ultrasonic cleaning technology consists of using
ultrasonic waves that generate cavitation bubbles
that agitate the liquid producing high forces on
the dust adhered to the mirror. This technology
consumes 600 times less water than conven-
tional cleaning methods (0.03 L/m2 of water on a

1This information was given to the researcher at the tech-
nical visit of a CSP plant located in the Northern Cape, South
Africa

Figure 1: Heliostat cleaning with HECTOR at the Gemasolar
solar power plant [5].

horizontal surface2).

4. State of Art: UAVs Design Methods
Typically, company specific codes are used in the
industry to size rotorcrafs, otherwise, at university
research level, a common method found to size
large gas fueled aircraft such as man driven he-
licopters is the fuel fraction method (Rf ) [6] [7]
[8]. The method, when given a mission, pro-
vides a minimum engine size and thus attempts
to size other components such as rotor blades
and transmissions, as well as providing a minimum
gross take-off weight (GTOW) required after calcu-
lating other component weights. However, a similar
method to size electric UAV drive components was
not yet found to be readily available.

Magnussen [9] [10] and Dai et al. [11] address
UAVs sizing using the optimization software IBM
ILOG CPLEX (Cplex) in order to input the sizing
variables/constraints: Payload capacity, Dynamic
performance, Flight time, Cost/complexity, Pro-
peller RPM, Number of actuators, Propeller type,
Motor type and Battery (where propellers, motors
and batteries are taken from datasheets) to obtain
an optimal solution. Commercial solvers, such as
the Cplex, outperform open source solvers since
Cplex is able to optimize large scale mixed integer
linear program (MILP) problems in a fast manner
[12].

Other papers differentiate from optimization soft-
wares and propose single methodologies or an-
alytical algorithms for multirotor sizing. Gur [13]
presents a multi disciplinary optimization (MDO)
approach to design a propulsion system based on
goals such as rate of climb and hover time, and
presents a useful modeling analysis of motors and
batteries as well as sensitivity analysis to certain
propeller design elements. Wislow [14] identifies
key driving vehicle factors implemented in a Micro
Air Vehicle design tool. Starting from basic rotor

2This information was given to the researcher by the STERG
ultrasonic cleaning system developer partner.
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parameters, such as radius, solidity, and airfoil sec-
tion, and an initial gross take-off weight (GTOW), a
blade element momentum theory framework cou-
pled with computational fluid dynamics (CFD) gen-
erate an estimate of rotor power and torque for a
required thrust. Gatti et al. [15] propose a re-
vised version of a classical aircraft sizing method-
ology, based on statistical data available in the lit-
erature, to preliminary size an electric multirotor,
taking into account mission profile and a few per-
formance requirements. Bouabdallah [3] describes
a method for iteratively designing a quadrotor with
a maximum mass and length to achieve a de-
sired thrust-to-weight ratio. The method requires
a database of actuator, battery, and airframe com-
ponents to calculate the loop masses. Ng et al.
[?] propose a methodology with genetic algorithms
to automate the component selection, layout de-
sign and geometric sizing of small-scale quadro-
tors. The most suitable set of components from
datasheets are selected, and organize the vehicle
components/payloads, such that the resulting flight
vehicle has the most compact overall size without
violating any given physical or mission constraint.

In contrast of most of the above mentioned re-
searches, Bershadsky et al. [16] and Ampatis [17]
propose to parameterize drive components such
as motors, batteries, propellers and ESCs to rid of
the need of using databases for design and opti-
mization. Additionally, Ampatis studies the effect
of varying payload on design characteristics.

Less rigorous methods in terms of optimality of
UAV design also exist. For instance, eCalc [18]
is a free online tool that has become one of the
most popular tools for UAV hobbyists [16]. Some
researches propose this tool for multirotor design
[19]. eCalc allows users to input the multirotor
components and outputs a calculated flight time,
in addition to other useful data. eCalc requires that
the specific drive components are provided to the
tool. This is one of the major differences between
eCalc and the analysis algorithm described in this
paper. The presented model allows users to input
only payload and relevant drive system parameters
instead of arbitrarily selecting specific components.

5. Methodology

An example heliostat field was chosen to simu-
late different flying paths with different amounts of
cleaning devices per drone. The most convenient
path was chosen to identify the amount of water
needed per cleaning device which decides the pay-
load weight. The identified payload was simulated
with several motors selected from data-sheets with
their recommended propeller and input voltage to
find the best performing configuration in terms of
flight-time.

To find the flight-time, a computer model was de-
veloped in MATLAB using Momentum Theory com-
bined with Blade Element Theory to simulate the
Thrust, Power and Torque of a multirotor with a set
number of rotors a specific battery size and corre-
spondent total weight. The model was validated by
comparing the results with commercial data.

5.1. Aerodynamics: Momentum Theory
Momentum theory uses the fundamental laws of
fluid mechanics (conservation of mass, energy and
momentum), to relate the inflow and outflow of the
propeller’s plane to its thrust and power. The model
is useful to understand the global mechanism of
the rotor including the limits for an ideal perfor-
mance and the induced power requirements, but it
is not enough to physically design a propeller since
it does not relate to the loads or flow around the
blades [20].

To use momentum theory, the rotor is assumed
to be a disk of infinite amount of blades which adds
momentum and energy to the air flow. The rotor
can accelerate the air flow downstream thanks to
the pressure difference that it can support across
it as shown in Figure 2, in this way produces thrust
in the opposite direction of the downstream air.

Figure 2: Flow pressure and velocity across the rotor disk [20].

Figure 2 shows the axial inflow velocity V which
the rotor experiences during horizontal or vertical
flight where V is the velocity at which the rotor is
moving, v is the induced velocity of the air gen-
erated by the rotor and w is the wake or induced
velocity at far downstream.

Figure 3: Momentum theory flow model [21].

From conservation of momentum, the thrust
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generated at Station 2 is:

T = ṁ(V + w)− ṁV = ṁw (1)

From conservation of energy, the work gener-
ated at Station 2 is:

T (V + v) =
1

2
ṁw(2V + w) (2)

Solving for the induced wake T/ṁ in Eq. (1) and
Eq. (2) results in w = 2v. Therefore,thrust can then
be expressed as:

T = ṁw = 2ρA(V + v)v (3)

At hover conditions the rotor has no forward or
vertical speed so V = 0. Thus, induced velocity at
hover can be expressed as:

vh =

√
T

2ρA
(4)

Finally, the ideal induced power required to hover
can then be determined for a given thrust:

P = Tv = T

√
T

2ρA
(5)

5.2. Blade Element Theory
Blade Element Theory comes closer to the blade’s
reality unlike Momentum Theory that considers the
propeller as a disk composed of infinite amount
of blades, and who’s surface produces a pressure
jump. Blade Element Theory is used to calculate
the interaction with the fluid over each section of
the blade which then is integrated to find the resul-
tant forces over the entire blade [22].

Figure 4 is the top view of a rotor where R is the
radius, y is the radial length (y = 0 at the hub and
y = R at the tip), c is the blade’s cord, Ω is the
angular velocity and ΩR is the tangential velocity.

Figure 4: Blade section top view.

Figures 5 is the profile view of a blade. The blade
section pitch, θ, is measured between the plane of
rotation and the zero lift line. The aerodynamic an-
gle of attack, α, is measure between the resultant

Figure 5: Blade cross-section.

air velocity seen by the blade, U , and the zero lift
line and can be expressed as α = θ − φ. U has a
tangential component, UT = ωy, and a perpendic-
ular component, UP = V + v.

The resultant velocity inflow angle can be given
by:

φ = arctan

(
UP

UT

)
The rotor inflow ratio, λ, defined as the ration of

the total inflow velocity to the rotor tip speed λ =
(V +v)/(ΩR) (the inverse of tip speed ratio for wind
turbines). Inflow ratio at hover can be written in
terms of thrust and angular velocity:

λh =

√
T

2ρA

ΩR
(6)

The section lift force, L, and drag force, D, act
normal and parallel to the resultant velocity vector,
U , respectively. The section lift and drag forces are
expressed as:

L = 1/2cρU2cl (7)
D = 1/2cρU2cd (8)

where c is the blade chord, ρ is the air density and
cL and cD are the section lift and drag coefficients
respectively.
cl and cd are complicated functions of the angle

of attack, α. To simplify calculation of cl, the stall
and compressible effects are assumed to be negli-
gible so that cl can be expressed as a linear rela-
tionship between the section lift coefficient and the
angle of attack, cl = aα [23], where a is the slope of
the blade two-dimensional lift curve and is denoted
by a = 5.7 as a typical value used in literature [21].

From the diagram on the top left corner of Figure
5. The force acting on the x and z direction of the
blade are given by:

Fz = Lcos(φ)−Dsin(φ) (9)
Fx = Lsin(φ)−Dcos(φ) (10)

Defining the differential thrust, torque and power
with the acting forces on the blade section for all
the blades, N , of the rotor results in:

dT = NFzdr (11)
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dQ = NFxrdr (12)
dP = ΩdQ = ΩNFxrdr (13)

The total forces on the propeller are obtained by
integrating from the root to the tip of the blades.

It is assumed that the rotor has a low disk load-
ing, meaning the inflow velocity of λ is small com-
pared to the rotational speed, and consequently,
UP /UT is also small. This is a reasonable as-
sumption as the rotor operates at high angular ve-
locities. Therefore, small angle assumption, φ =
arctan(UP /UT ) � 1, is applicable to the propeller
of a multirotor and it approximates φ ' UP /UT ,
cos(φ) ' 1 and sin(φ) ' φ.

Defining as coefficients the ratios between the
actual thrust, torque and power obtained from the
propeller and the respective ideal that the air would
have over the entire disk area and angular velocity,
results in:

CT = T/[ρA(ΩR)2] (14)
CQ = Q/[ρA(ΩR)2R] (15)
CP = P/[ρA(ΩR)3] (16)

Therefore, CP = CQ as a consequence of Eq.
(13) and, by applying small angle assumption to
Eq. (11), the differential CT can be explained as

dCT =
σa

2
(θr2 − λr)dr (17)

with

σ = N
πR2

∫ R
0
c(r)dr

Where r = y/R and represents a dimensionless
radial location on the blade, measured from the
hub, r = 0, to the blade tip, r = 1. From the defini-
tion of Up and Ut; Up/Ut = (V + v)/Ωy = λ(R/y).

For a blade with ideal distribution, θ = θt/r [21],
where θt is the pitch angle at the tip of the blade.
Solving Eq. (17) for an ideal distributed blade re-
sults in:

CT =
σa

4
αt (18)

From Eq. (6) and Eq. (14) the rotor inflow ratio
at hover can be expressed in terms of CT .

λh =

√
CT
2

(19)

Substituting Eq. 16 with Ct and λh results in:

CP = CTλ =
C

3
2

T√
2

(20)

The CP for an ideal blade only represents the
induced power loss. A real blade has also profile
losses and additional losses due to nonuniform in-
flow, swirl in the wake and tip losses.

From Figure 5, θ = α+ φ therefore,

θt =
4CT
σa

+ λ (21)

Solving for the rotor inflow ratio results in:

λ = −σa
8

+
1

2

√(σa
8

)2
+ 4

σa

8
θt (22)

5.3. Figure of Merit
Figure of merit is defined as the ideal power loss
over the actual power loss of the propeller.

M =
Pideal

P
=
T
√

T
2ρA

P
(23)

According to literature, at the design loading of
the rotor, the typical figure of merit, M , lays in be-
tween 0.55 and 0.60 [21]. M = 0.6 was used in the
model below to estimate the real performance of a
propeller.

6. Model
The model is divided into two submodels that de-
pend on each other’s outputs to define their inputs.

The first submodel is the Flight-Path Model
which creates an example heliostat field where
different flying paths are simulated with different
amounts of cleaning devices per multirotor. The
model is scalable in terms of the size of the field,
number of heliostats and mirror dimensions. Fig-
ure 6 displays the example field chosen for this
work consisting of 540 heliostats with mirrors of
2.23m2. In Figure 6 the red dot represents the re-
ceiver tower, the black squares represent the he-
liostats and the blue triangles are the pedestals
structure that joins 6 heliostats together. Such a
system is referred to as HelioPod3.

Figure 6: Example field with 540 heliostats.

The path accomplished in the least amount of
time and also requiring the least airborne and idle
time for the multirotor is chosen to identify the main
design requirements of the multirotor and cleaning
device.

3HelioPod was developed and demonstrated at STERG [24].
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Figure 7: Layout and resulting outputs of 1 drone and 4 devices for Central Station scenario.

Figure 8: Layout and resulting outputs of 1 drone and 2 devices for Central Station scenario.

Figure 9: Layout and resulting outputs of 1 drone and 4 devices for Central Station scenario.

Two scenarios where considered for the Flight-
Path model: (1) Central Station scenario where the
multirotor returns to a central point to refill the wa-
ter of the cleaning devices and (2) the Cart sce-
nario where a self driven cart transport the water
and provides docking spot for the multirotor. In
the presented work, the amount of water fitted into
the cleaning device needs to be identified to then
be given to the cleaning device manufacturer. The
weight of the water plus the cleaning device would
equal the weight of the multirotor’s payload.

The bottleneck of the flight-path is the amount
of time that it takes the device to clean each mir-

ror (3.6 min). Assigning more devices to the same
drone alleviates the bottleneck although the path
sketch gets more complicated. It is desired to uti-
lize the drone as much as possible avoiding it to
be idle, but at the same time,never allowing the de-
vices to wait for the drone to pick them up since this
situation would add to the bottleneck. To avoid this
to happen, it is appointed a buffer time of 1 minute
for the drone to wait.

Figures 7, 8 and 9 show the paths with the fly-
ing, docking and recharging sketch for one drone
carrying one, two and four devices respectively in
the Central Station scenario. More than 4 devices
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was not further considered since the fifth device re-
sulted on a waiting time of less than the 1 minute
required buffer. The yellow lines represent the flight
trajectory to pick up and place the cleaning de-
vices, the red lines represent the flight trajectory
to dock, the green lines represent the flight trajec-
tories to refill and water, and the box displays the
outputs of the respective layout.

The weight of the payload is used in the sec-
ond submodel, the Multirotor Sizing Model, to be
simulated with several motors taken from the data
sheets of the drone motor manufacturer, T-motor.
100 different motors where selected with the sug-
gested propeller and input voltage and each was
simulated with 50 different battery sizes plus the
selected payload to obtain the flight-time. The con-
figuration with the longest average flight-time is
then chosen as the reference multirotor configura-
tion.

In the last part of the multirotor Sizing model, the
reference configuration is modeled with a selected
range of propeller and battery sizes to identify the
resulting flight-times and other parameters such as
torque which relates to the inertia and the maneu-
verability of the multirotor. According to the outputs
the user can choose the most suitable multirotor
configuration with a resulting design flight-time.

Figure 10 is the summary of the model’s flow
chart where yellow belongs to the Flight-Path
model and green belongs to the multirotor Sizing
model.

7. Results & Discussion
The results of the submodels are summarized sep-
arately in the following subsections.

7.1. Flight-Path Model
The selected path was with four devices per multi-
rotor in zig-zag pattern for both, Base Station sce-
nario and Cart scenario as shown in Figure 9. 4
cleaning devices maintain the multirotor as occu-
pied as possible and still leave 1min buffer while
the multirotor waits the cleaning devices to finish
their respective mirror.

The purpose of the path modeling is to estimate
the required payload of the multirotor, which di-
rectly depends on the amount of water fitted into
each device. Since the multirotor flies longer as the
payload is lighter, the optimal minimum amount of
water to fill into the device any time must be identi-
fied.
The Cart scenario has the availability to refill the
water at any point in the cleaning process whereas
the Base Station scenario has to match the mul-
tirotor’s battery recharging. Therefore for the Cart
scenario two settings were modeled, one where 1 L
of water is fitted into the device and another where
0.5 L are fitted. Comparing the two scenarios al-

Figure 10: Model’s flowchart.

lows to see the advantages of reducing the weight
of the water to be carried versus the extra flight
time to recharge the cleaning devices more often.
It is concluded that it is favorable to decrease the
quantity of water so the decided amount of water
to be fitted into the devices of the Cart scenario is
0.5 L of water.

For the Central Station scenario, it is necessary
to understand the operational requirements of the
field in terms of how often the mirrors need to
be cleaned. Generally, the heliostats in the CSP
plants located in the Northern Cape of South Africa
are expected to be cleaned every 7 days. Divid-
ing the entire field’s cleaning job into 7 days would
mean that 1.3 L of water would be used per clean-
ing device per day. If the total time required to clean
the field divided by how often the mirrors should be
cleaned is more than 24 hours it is required to add
an additional multirotor. For the example case, 1
multirotor is enough to compile with the cleaning
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requirements.
To optimize the flight-path of the multirotor, the

water refilling is matched with the recharging of
the multirotor’s battery. At this point, the flight-time
of the multirotor is unknown. Once the flight-time
is known the airborne time per day is divided into
the flight-time to obtain the recharge times per day
which equal the cleaning cycles per day. The 1.3 L
of water will then be divided into the cleaning cy-
cles to obtain the amount of water fitted into the
device.

7.2. Multirotor Sizing Model
The first assumption of water fitted into the device
is 1 L, plus 2 kg of the cleaning device it self, results
in a payload of 3 kg. The payload is then modeled
with all the configurations from the datasheets and
batteries, and the best resulting configuration as
chosen as reference.

The combination of the reference motor with the
reference ESC is modeled with 7 propellers sizes
(reference propeller ± 3 in) and 50 different 12S
battery sizes from 2000mAh to 5000mAh. The re-
sulting behavior is provided in the Figure 11, which
shows that the bigger the propeller, the longer re-
sulting flight-time.

Figure 11: 7.5 kg multirotor plus 3 kg Payload and 12S LiPo
batteries from 2000 mAh to 50000 mAh. Dashed lines indicated
50, 45, 40, 35, and 30 min flight-time

A bigger propeller is not always better because
of the increase in torque which limits the fast re-
sponse of the multirotor and therefore compro-
mises the maneuverability. In addition, the current
needed to start, stop or slow down the propeller
can overheat the motor by exceeding its peak cur-
rent.

The highest theoretical flight-time achieved with
the range of batteries is 51min and states the ref-
erence from which lower flight-times are chosen
to evaluate the correspondent multirotor configu-

ration, each with a range of propellers. 50, 45,
40, 35, and 30 min of flight-time is inserted into
the model and the results are compared. Addition-
ally, the power needed to take-off and stop the pro-
pellers of each multirotor combinations is consid-
ered to see if it is over or under the peak current
of the motor. Only the combinations within a safety
margin under the peak current are selected and the
one with longest flight-time will be chosen as mul-
tirotor configuration.

In the example case, the power to take-off or
stop the propellers was not calculated. From the
first iteration of the model, the required flight time
per day is 1.09 h. A 1 h flight-time multirotor is
hardly achieved and, from the longest reference
flight-time of 51min, it was understood that the mul-
tirotor’s battery should be recharged at least one
time per day which means that the design flight-
time of the multirotor should be 33min plus a mar-
gin for the extra power required to take-off. This
assumptions results in 2 cleaning cycles per day
meaning that for the Central Station scenario, the
cleaning devices should each carry 0.65 L of wa-
ter per cycle. A safety margin of 0.15 L of water is
added in case of any leakage resulting in a total
of 0.80 L of water to fit in each device. The initial
assumption of 1 L is readjusted to 0.80 L and the
battery charging time of 1 h is added to the Path
Model. Results are displayed in Table 1.

Table 1: Results for multirotor’s path in Central Station scenario
with 4 cleaning devices carrying 0.8 L of water each.

Total airborne time 7 h 52min
Idle time per set of mirrors 1.38min

Total time to clean field 17 h 58min

The total airborne time slightly increased since
the water has to be refilled more often. In the other
hand, the total time to clean the field significantly
increased after 1 h a day was added to charge the
battery. 17.96 h of cleaning are easily achieved in
7 days and therefore, nothing is further iterated for
this constrain.

In the Cart scenario the multirotor should also
recharge the battery at least one time per day given
that it has 1.04 h of flight-time a day. Table 2 shows
the final results for the Cart scenario after adding
the total of 7 h of battery charging time and extra
flight-time to recharging station.

Table 2: Results for multirotor’s path in Cart scenario with 4
cleaning devices carrying 0.5 L of water each.

Total airborne time 7 h 18min
Idle time per set of mirrors 1min 23 s

Total time to clean field 17 h 24min
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Table 3: Specification of 7 multirotor configurations designed for 40min flight-time and 2.8 kg payload.

The above identified flight-time is 33min. Adding
a margin which accounts for the extra energy to
take-off and maneuver the multirotor results in
40min. Table 3 displays the multirotor configura-
tions for the selected flight-time and payload.

For the chosen motor, the manufacturer sug-
gests 26, 27 or 28 in propellers. For the purposes
of the multirotor and the relative low payload, it is
reasonable to consider bigger propeller sizes than
the suggested ones, to achieve longer flight-times.
However, their suitability should be verified with the
technical specifications of the motor or experimen-
tally. Since the technical limitations of the motor
were not measured in this research, the manu-
facturer suggestions are considered and the 28 in
propellers is chosen because achieves the same
40min flight-time with smaller battery which results
in less weight and more operation flexibility.

8. Validation
To validate the model, six motors plus propellers
where chosen from the data-sheets of T-Motor
and plotted on top to the graphs generated by
the model that simulate, thrust, power, torque and
flight-time given the RPM and propeller specifica-
tions. Figure 12 and 13 display two out of the six
motors used for validation.

The thrust, power and torque of the samples
closely follow the model’s graphs. The flight-
time for smaller propellers is also closely esti-
mated whereas for bigger propellers the model
gives slightly higher flight-times since the model
only considers hover while the flight-time specifi-
cation of the manufacturer also considers take-off
and maneuverability which requires higher power
for bigger propellers.

9. Conclusion
The developed model framed a strategy to identify
the required characteristics of a multirotor whose
purpose is to transport one or several cleaning de-
vices through a CSP heliostat field. It is concluded
that the model is a suitable high-level estimation
for choosing a multirotor with the above mentioned
purposes.

Figure 12: Thrust, Power and Torque of motor MN505 KV320
with propeller 20 in×6 in found at T-Motor.

Figure 13: Thrust, Power and Flight-time of motor P80 KV170
with propeller 30 in×10.5 in found at T-motor

The model concludes that for a field of 540
heliostats with mirrors of 2.23m2, a quadcopter
should carry 4 cleaning devices parallel. If the field
holds a cart, each cleaning device should be re-
filled with 0.5 L of water. If the drone needs to come
back to the central station, the devices should be
refilled with 0.8 L of water. The total time to clean
the field with no cart is 17 h and 57min. For such
a heliostat field size the addition of a cart is not
justified.

9



A drone with 28 in propeller size and a
28 000mAh battery with hover flight-time of 40min
will carry a 2.8 kg cleaning device at a time. The
drone will do two cleaning cycles per day. It will
recharge the battery before initiating the first cycles
and in between cycles.

The concluding results show that the model is
able to frame a strategy for selecting a multirotor
and its flying sketch. Future work should be done
on investigating the advantages of utilizing a hexa-
copter or hectocopter instead of quadcopter. Fur-
thermore, the impact of airflow generated by the
multirotor should be considered to understand the
impact on the cleaning system. Lastly, weather
condition limitations should be added to the model
to identify additional constraints.
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