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Abstract—An Unmanned Aerial Vehicle blimp kind 

prototype for stable environmental conditions is shown in 

this paper. The lift, drag, weight, and thrust parameters are 

analyzed on the basis of the Archimedes principle, Bernoulli 

and continuity equations, and fluid simulations for different 

conditions (low-speed wind and absence of turbulence). The 

calculated push force (lift) is the minimum value to produce 

sustentation considering the overall mass of the aircraft. On 

the other hand, the drag parameter was analyzed using the 

fluid simulation to visualize the drag force.  

Index Terms—lift, drag, fluid simulation, unmanned aerial 

vehicle. 

I.  INTRODUCTION  

Unmanned Aerial Vehicles (UAVs) are an effective 
way to inspect, document, and search, among other 
similar actions in different topologies [1, 3]. Generally 
speaking, UAVs are equipped with different data-
acquisition systems that can be used from heights up to 
800 m [4]. With these characteristics, UAVs provide 
certain advantages, such as effective pinpointing of certain 
places within a range of 10 km

2
 and providing aerial 

security when the field is unstable and unsecure, while 
also being less expensive than a LIDAR, among others [5]. 
Specifically, a blimp kind UAV (i.e., Zeppelin) is highly 
useful for an application with reduced mass and speed. 
However, important design aspects with respect to 
aerodynamic parameters, such as envelopes, stabilizers, 
rudder systems, envelope pressurization, load distribution 
(and load-taking systems) in normal conditions, or well-
calibrated simulations (tunnel winds), have to be 
considered [6, 7]. There are different aspects that modify 
the performance, such as aerostatic parameters, heat 
distribution, and quality of the wrapping materials. 
Consequently, the complete design of a UAV requires 
three phases: conceptual design, preliminary design, and 
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detailed design. Naturally, there are more phases once the 
manufacturing process is initiated. In particular, the first 
phase is ideal to adjust parameter modeling and initial 
tests with the purpose of improving, or modifying, the 
generic structure of the UAV [8]. An important parameter 
in the aerodynamic context is the “lift-induced drag,” 
which defines the horizontal component (drag, D) of the 
reaction force in the UAV; it must also be minimized in 
the elevation process (lift, L). In addition, there are 
various parameters that affect the drag in a UAV; these 
are called parasitic drag (Dp) [9, 10]. In this paper, the 
conceptual design of a UAV type Zeppelin is shown, 
among some aerodynamic measurements of the elevation, 
parameters, dragging conditions, weight, and thrust under 
controlled atmospheric conditions. This paper is organized 
as follows. Section II gives a brief description of the 
conceptual design and components used, the mathematical 
background is shown in Section III, and, finally, Section 
IV shows the visual simulation results of the UAV 
regarding the lift, drag, weight, and thrust parameters. 

II. GENERAL CONCEPTUAL DESIGN AND 

COMPONENTS 

The proposed UAV is shown in Fig. 1. In particular, a 
dirigible gondola (without the globe or wrapping) and its 
three electrical motors shown; centrally aligned to the axis 
of the gondola are the ones that will give horizontal flight 
to the UAV (related to the thrust and drag). The third 
motor, located underneath the gondola, is used to control 
the takeoff and landing (related to the lift and weight). 
The main support of the dirigible is a globe with helium, 
which is sustained on the basis of the Archimedes 
principle [11]; thus, control landing will be operated or 
controlled by means of the third motor. The conceptual 
design establishes that the total load of the UAV is 
slightly more than the support that the globe manages to 
create and keep the UAV on stable earth, so the 
application of slight propulsion to the third motor, the 
UAV, will rise. However, this action considers that the 
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electric current is lower than other actions for the 
propulsion; therefore, an energy saving is made to 
increase flying time. 

 

Figure 1. Gondola design considering motor positions and helixes or 
propellers (frontal view) [12]. 

The electrical controller setup for the UAV is shown 
in Figs. 2 and 3, with the purpose of calculating the center 
of mass. Table I shows the specific mass of each 
electronic component used. 

TABLE I.  SPECIFIC COMPONENT MASS. 

Electronic component Mass (g) 
Brushless motor A2213/13T (x3) 141 

BLDC ESC 30 A (x3) 66 

BeagleBone Black 40 
Wi-Fi/Bluetooth USB adapter 10 

9-volt battery (x3) 190 

Lipo Multistar battery 5,200 mAh 450 
Electronics (voltage regulators and cables) 20 

 

 

Figure 2. Gondola design and motors’ positions (superior view) [12]. 

 

Figure 3. Gondola design and motors’ positions (lateral view) [12]. 

To obtain the sustentation of the UAV, an aerostatic 
globe was acquired. Once the dimensions of the inflated 
globe were known, a Computer-Aided Design (CAD) was 
made just as shown in Fig. 4. 

 

Figure 4. CAD of the overall UAV [12]. 

III. MATHEMATICAL BACKGROUND 

The masses of the electronic elements mentioned in 
Table I were considered; using 3D printing software, it 
was determined whether the mass (in relationship with the 
weight) of these could be supported with the acquired 
globe. To calculate the required support strength of the 
prototype, the Archimedes principle and Bernoulli 
equation were used. In this case, filling the globe with 
helium creates a differential pressure with respect to the 
air; for this, the air density Dair and helium DHe were used 
as follows: 
 

                              𝐷air = 1.19 kg m3⁄ ,                  (1) 

 

                              𝐷He = 0.18 kg m3⁄ .                (2) 

 
Next, the corresponding weight is calculated, meaning: 

 

                    𝑃air = 𝑔𝐷air = 11.67 kg m2s2⁄ ,            (3) 

 

                      𝑃He = 𝑔𝐷He = 1.765 kg m2s2⁄ .         (4) 

 
Afterwards, the displaced volume (V) was calculated 

as per the globe, where 𝑉 = 0.94867 m3. Based on the 
latter, the upward push force (lift) is calculated: 

 

   𝐹 = 𝑉(𝑃air − 𝑃He) − 0.035 𝑔𝐾𝑔 = 9.053 N.       (5) 

 
The F value is equal to the difference of the specific 

gas weight multiplied by the displaced volume, 
subtracting the weight of the globe. In consequence, F is 
divided by the gravity, and the weight that can lift the 
glove is calculated as follows:  
 

                                𝐹asc =
𝐹

𝑔
= 0.923 kg.              (6) 

 
In a particular way, the calculated weight cannot be 

overcome; if the load exceeds it, there will be no lift. The 

drag (D) can be expressed as 𝐷 = (𝜌𝑉𝑎
2𝐶𝐷𝑆) 2⁄ , where 𝜌 

is the air density, 𝑉𝑎  is the airspeed, 𝐶𝐷  is a 
nondimensional drag coefficient, and 𝑆  is the frontal 
aircraft area. In our case, the value parameters are 
constant because of the particular application. On the 
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other hand, the horizontal thrust (the vertical thrust is 
related to the lift and weight, finally, meaning the vertical 
force 𝐹v) of the UAV is defined as 

 

                            𝑇 − cos(𝜑) − 𝐷 = 𝐹h,                 (7) 

 

where 𝜑 is the angle between the horizontal axes of the 

UAV and the propulsion direction due to the propellers. 

The value of T due to the use of propellers is 

 

                           𝑇 =  [𝜌𝐴(𝑉𝑎𝑒
2 − 𝑉𝑎0

2 )] 2⁄ ,                  (8) 

 

where A is the propeller disk area and 𝑉𝑎𝑒  and 𝑉𝑎0 are the 

velocity of air in the exit and the aircraft, respectively. 

IV. SIMULATIONS 

In this section, some simulation results are shown, 
using the 1.0 design version. The design and adequate 
propeller for the prototype were obtained using the flow 
simulation tool of the software SolidWorks. For the 
simulation, we considered a controlled atmosphere with 
winds of 0.5 m/s in the y-axis and a propeller speed of 25 
rad/s with 5,000 rpm per motor. Due to the dirigible being 
for closed space, those considerations were taken, so that 
the air current and pressure are almost negligible.  

Figure 5 shows how part of the circulating air in the y-
axis is absorbed by the propeller, which fulfills its purpose 
of increasing its fluid velocity to generate horizontal 
propulsion to the prototype. Furthermore, in Fig. 6, only 
the air in the propellers is being isolated, which functions 
as a backup argument of what was mentioned beforehand. 
In particular, the maximum air flow speed is ≈ 0.05 m/s at 
the propeller’s rear in comparison with ≈0.01 m/s at the 
propeller’s entrance. 

 

Figure 5. Fluid simulation on the y-axis; it is able to appreciate in blue 
color the change of speed due to the helix movement [12]. 

 

Figure 6. Air flow simulation only toward the helixes [12]. 

With the objective of obtaining complementary results 
for the prototype behavior simulation to improve the 
overall performance, the wind direction parameter was 
modified. Thus, this helps observe the aerodynamic 
efficiency from different angles, and it also helps in the 
observation and behavior analysis of the propellers that 
receive air from different angles.  

In particular, Fig. 7 shows the air flow through the z-
axis with the same speed (0.5 m/s), where it can be 
observed that the air flows softly through the prototype. 
When the propeller works, specifically at 25 rad/s, it 
absorbs the air that comes from underneath and generates 
small propulsion, pushing the air toward the y-axis, which 
modifies the lift and drag of the prototype. 
 

 

Figure 7. Upward wind ascension on the z-axis [12]. 

Another simulation was developed, which describes 
the air flowing on the x-axis with the same configuration 
of 0.5 m/s and turning speed of the helixes of 25 rad/s (see 
Fig. 8). It is seen that, on this axis, a weaker air flow is 
obtained, which is due to the geometry of the model and 
due to the propellers that generate a force that prevents the 
air from circulating in a laminated way through this axis, 
creating turbulences, or vortexes, when crashing with the 
prototype.  

Figure 8 shows the behavior of the complete system, 
taking into consideration perpendicular wind, which does 
not significantly affect the aerodynamics. The dynamic 
behavior of the airflow in the propeller is also observable. 

 

Figure 8. Simulation of the perpendicular wind toward the dirigible 
[12].  

As seen in Fig. 9, the air speed is increased on the rear 
of the propeller, which adds to the lift parameter. In 
particular, the simulation results show that the maximum 
air speed is ≈0.2 m/s in comparison with ≈0.02 m/s at the 
entrance of the propeller. After carrying out the 
simulations, we proceeded with the manufacturing of the 
gondola, the two propellers, and the rudder system 
(navigation control system).  
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Figure 9. Propeller simulation [12]. 

V. CONCLUSIONS 

In this paper, the simulation of a blimp kind UAV was 
shown. The design shown presents a mass of 0.917 kg, 
whereas the theoretical data establish a limit of 0.923 kg, 
meaning that the lift is on its limits. In this case, we 
pretended to reduce the mass of the electrical components 
using a custom Printed Circuit Board instead of using a 
globe with bigger dimensions. Actually, our team is 
currently working on an improved UAV design shown in 
Figs. 10–12. The design proposed does not modify the 
mass of the structure; however, the prototype will reduce 
the diverse external forces to increase the lift, drag, and 
thrust parameters. 

 

Figure 10. Improved gondola design (frontal view) [12]. 

 

Figure 11. Improved gondola design (inferior view) [12]. 

 

Figure 12. Improved overall system (gondola and globe) [12].  

 

In addition, the simulation results provide important 
information about the differential wind speed in a 
particular section of the UAV to clarify the aerodynamic 
parameter performance. On the other hand, the results 
presented support the research and innovation regarding 
materials, structures, and new concepts for airframes for 
future aircraft to improve the aircraft performance 
parameters, such as vehicle weight, fuel consumption, 
noise, lift, drag, durability, and emissions, in particular for 
new low-density, high-strength fibers. Therefore, all of 
this allows innovation in processing methods to reduce the 
component manufacturing cost, mechanic design, and 
structural subcomponent design into system level designs. 
In general, although an aircraft can be of lighter-than-air 
(LTA) or heavier-than-air (HTA) kind, sometimes, the 
LTA type needs an extra aerodynamic analysis because of 
technical trade-offs. In our case, the prototype is in the 
LTA limit. Thus, an aircraft is modeled as a rigid body 
with three rotational and translational degrees of freedom 
(some shown in Figs. 5–9), which are represented by six 
differential equations; however, the obvious differences 
between HTA and LTA aircraft imply some specific 
modeling modifications. However, CAD and simulation 
allow rapid prototyping and modeling. In addition, wind-
tunnel and flight tests are required to validate the 
simulation results. 
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