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The HIGHRISE Project

Objective: High definition 3D scanning of monuments, 

buildings and infrastructures via Photogrammetry

Technology : Drone capable of panning around large 

structures while carrying a remotely actuated 

high resolution camera 

Rendering: Francesco Zanotti



Corso di Laurea in Ingegneria Aerospaziale 3

Preliminary design

Design goals:

• Load capacity of approximately 500g

• Flight time of approximately 10 minutes

• Reliability

• Stability and maneuverability

Constraints:
• Limited size

• Low cost 



Corso di Laurea in Ingegneria Aerospaziale 4

Preliminary design

Camera

Propellers plane

Battery Main design drivers : 
payload shape and weight 

Gimbal and drone 
core-body design  

motor-propeller selection 
and placement

Gimbal and drone core-body design

The core-body assembly was designed to keep the
CG within the drone’s body in order to minimize the
vertical distance between the CG and the center of
thrust located on the propeller’s plane in favour of
stability[1]

Motor-propeller selection and placement

after comparing the design to similar configurations
on the market and estimating an adequate power
to weight ratio the total thrust requirement as well
as the motor selection was determined.
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HIGHRISE iterations

HIGHRISE MK1

HIGHRISE MK2

MK1 main issues :
• Low motor reliability

• Low maneuverability  and attitude stability 

• Low impact resistance of the landing structure

MK2 addressed these problems thanks to:

• More robust electric motors

• New arm design to improve structural efficiency and 

maneuverability that also acts as landing structure
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From MK1 to MK2 : arms comparison

Improved maneuverability 
During pitch and roll maneuvers longer arms provide a
bigger moment about the CG for the same amount of
thrust thus improving maneuverability and efficiency.

Stronger landing structure

More robust motors
Early MK1 flight test showed the need for more robust
electric motors. In fact prolonged hovering can put the
motors under thermal stress due to high loads and poor
cooling. The MK2 motors were selected to produce the
same amount of thrust as MK1 but with a stronger
construction.

In MK2 the arm also acts as a landing structure.
Reinforced arm-core joints make this design
simpler and stronger than MK1 tubular structure.



Corso di Laurea in Ingegneria Aerospaziale 7

From MK1 to MK2 : arms comparison

Main load on arms: Bending moment

Limitations of PLA as a structural material

Carbon fiber tubes and 3D printed PLA connectors

The drone will operate mostly in hovering
thus vertical loads will be dominant. High
moment of inertia relative to the longitudinal
direction of the arm is needed thus the
vertical separation between the 2 tubes

Due to the mechanical properties of 3D printed
PLA a larger cross sectional area is needed to
reach the required stiffness and strength, the
problem gets worse the longer the arm is

This new design leverages the high stiffness of carbon fiber
and the manufacturing flexibility offered by 3D printed
PLA. Moreover with a smaller cross sectional area the
tubes produce less disruption to the downstream airflow
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Future development: HIGHRISE MK3

• Extending the concept of 3d printed parts joining 
carbon fiber composite tubes or plates

• Sensors and GPS

• Hexacopter configuration

adding obstacle detecting sensors and GPS
localization would make operations safer
and GPS localization could make pre-planned
autonomous missions possible.

such configuration would increase reliability
and payload safety in the event of a motor
failure while also increasing overall thrust

to leverage the mechanical properties of carbon fiber
parts and the geometrical flexibility offered by 3D printing
technology to manufacture complex connectors.
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Ducted propeller evaluation

• Ducted propellers configuration may perform better
in the right conditions due to the pressure difference
between the duct inlet(2) and the diffuser(4) even if
the performance of propeller itself inside the duct
may be slightly impaired

image source [4]

• Literature[2] proves that performance gains are to
be expected compared to the non ducted case
especially in hovering efficiency[3], but their
magnitude depends on the specific flow conditions.

• Since hovering performance is the main requirement
a ducted propeller configuration could be beneficial

• Ducted propellers potential benefits: higher thrust,
higher efficiency, less noise, propeller protection
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Multiparameter Optimization in Solidworks Flowsimulation

image source [4]

• Solidworks Flowsimulation was used to verify
and size an optimal duct for the given flow
conditions.

▪ Inlet radius 𝑟𝑙𝑖𝑝

▪ Diffuser height 𝐿𝑑

▪ Diffuser camber angle
𝜃𝑑

2

▪ Propeller clearance 𝛿𝑡𝑖𝑝

• The literature[2] identifies the most relevant
geometrical variables in sizing a duct:

• The first 3 variables were optimized through
a Design of Experiment and Optimization
while the propeller clearance was optimized
indipendently via an optimization study
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Multiparameter Optimization in Solidworks Flowsimulation

The Design of Experiments and Optimization produced 20 experiments (one discarded) based on which the
software was able to extrapolate an optimum set of values which maximized the desired output (thrust).

One experiment produced more thrust than the Optimum. This suggests that a higher number of experiments
is necessary in order to better weigh the impact of the geometrical variables in relation to the desired output
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Optimal duct CFD results: velocity plot

From the velocity plots of the maximum thrust case it’s clear that the upstream flow relative to

the propeller is the most affected by the duct geometry while downstream flow is less affected
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Optimal duct CFD results: pressure plot

increased velocity 
near duct inlet

Decrease in duct  
inlet pressure

Thrust on duct 
Pressure gradient 

between diffuser and 
inlet surfaces
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Optimal duct CFD results: thrust values

• In the Ducted case the propellers
performance are poorer than the
non-ducted case but overall
thrust is higher

• Due to geometrical differences
between the propeller’s CAD
model and the real propeller
the CFD thrust values were not
representative of the real world
thrust. These values were used
to measure the ducted case
relative improvement.
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Thrust benchmark

Load Cell

Arduino Nano

SD Card 
Reader

• In order to validate the CFD results and to verify the absolute thrust increase between the 

non ducted and the ducted case a thrust benchmark was set up 

L-Shape conveys 
thrust to load cell

Automated and 
repeatable motor 

throttling sequence 
via Arduino 

Load cell readings are 
stored in SD card 
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Duct 3D printed prototype

• To test the ducted propeller
performance a 3D printed
prototype of the duct
producing the most thrust
was manufactured.

• Due to the size of the duct
relative to the maximum
printing volume available a
modular design was chosen.
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Thrust benchmark experimental results

• The real-world relative Thrust gain was 14,7% while the CFD one was 26,67%

Thrust global average : 1008 g Thrust global average : 1157 g

• Absolute average thrust gain was 149g

• In the ducted case thrust decreased less with the number of experiments, since the experiments were 
conducted using the same battery as power source this is an indication of higher efficiency
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Weight Penalty

• Although performance gains were proved for the specific
flow conditions the drone will operate in, the net gain
depends on the duct weight, which represents the cost of
such performance improvement.

• Due to the size of the proposed duct a 3D printed load-
bearing duct would lead to an excessive weight penalty.

• Therefore a carbon fiber-epoxy construction is advised

• The estimated weight of a composite duct would be
between 175g and 340g depending on the number of
composite material layers [5]
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Conclusions

Through flight testing HIGHRISE MK2 proved to be the first
mature iteration of the project: capable of stable flight,
improved reliability, payload carrying capacity of around 500g
such as a camera or lidar device. However the one objective
missed was the flight time which was 4 times inferior than the
10 minute goal. Therefore a further iteration of the project
would be needed with a focus on structural efficiency to make
the drone lighter and ultimately improve flight autonomy.

Given the flow conditions in which the drone will operate and
the estimated duct weight, the net thrust gain is negligible.
However the higher efficiency(reduced absorbed power for
the same amount of thrust) plus the protection and structural
benefits the duct offer may be sufficient reasons to implement
a ducted propeller configuration.

Drone design

Ducted propeller evaluation and optimization
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