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Abstract

Quadrotor UAVs are widely used in traversal search missions due to their high
space utilisation. The traditional UAV traversal search method has problems such
as dead space coverage, easy interference in information return and high energy
loss, which cannot adapt to the requirements of efficient search in specific scena-
rios. In order to solve these problems, the UAV is innovated on the basis of the
existing methods, using the bull ploughing method of traversing search to improve
the coverage of the target area, using remote customised protocols for map trans-
mission to accurately return image information, and a lightweight battery design
to ensure the completion of the mission in one go. Practice has proved that Fiber
composite material can reduce the weight by 25%, and is the best material choice

for lightweight batteries, and the UAV system with light battery meets the appli-
cation requirements in terms of endurance index and can complete the require-
ments of flight function.
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1. Introduction

In the gas turbine industry, the efficiency and the power of the machines are proportional to the highest temperature
of the cycle. This temperature corresponds to that of the combustion gases which directly attack the blades of the first
stages of the gas turbine, hence the obligation to adopt sophisticated and well-studied cooling processes [1]. Film cool-
ing is probably the most efficient blade-cooling mechanism employed in gas-turbine technology. The cooling perfor-
mance can be affected by several parameters, the blade geometry, blowing ratio, the inclination angle of the jet, free
stream turbulence...etc.

Several investigations were conducted to understand the complex mechanisms of the film cooling process, among
them [2-4], in studies, many geometrical configurations were presented, leading-edge turbine blades and coolant holes
on a flat plate; this latter is considered as the conventional and the most used.

Most of the techniques that were used to enhance the film cooling performance concentrate on the hole geometry to
modify the boundary-layer/cooling jet interactions. The compound angle is one of the methods that is presented by
Schmidt et al. [5], their results indicated that the much-improved lateral distribution of coolant had provided by the
compound angle holes with expanded exits at all blowing ratios. Ligrani et al. [6-7] found that the compound angle in-
jection can improve significantly the film cooling effectiveness compared to a simple angled hole. The jets installed in
trenches were used by [8-9] to improve film cooling effectiveness. Kebir and Azzi [10] presented two different designs
of cooling holes, a hole situated on the crest of the wave and a hole through wave. Their results indicate that the crest
position of the cooling hole is more efficient than the trough position. Ben Ali Kouchih et al. [11] tested backward in-
jection holes with Barchan-dune-shapeds hells in improving film cooling performance. Gritsch et al. [12-13] tested
three-hole geometries, simple angle cylindrical holes, fan-shaped holes and laidback fan shaped. They showed that
laidback fan-shaped holes provide higher laterally averaged film cooling effectiveness compared to other shaped holes.

To eliminate or reduce the size of counter rotating vortices (CRV), Chang et al. [14] have used combined-hole. They
showed that this configuration can reduce the formation of kidney vortices that are harmful to film cooling. Hassan et al.
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[15] have combined two cylindrical holes as a unit to improve the film cooling performance at all blowing ratios. A
novel combined hole was presented by Wang et al. [16]. They noticed that the combined hole provides uniform film
cooling performance in both downstream and lateral directions and reduced the aerodynamic loss.

In recent years, another method for cooling performance enhancement is to modify the flow behavior by placing an
upstream ramp of a coolant hole. Zaman et al. [17] and Shinn and Vanka [18] have shown the effect of a micro-ramp
placed behind the film hole. It has been found that this configuration generates antivortices that can eliminate the jet
lifting off improving the film cooling effectiveness. Zhou and Hu [19, 20] tested a new ramp design inspired by the
shape of sand dunes, (Barchan-dune-shaped). They noted that this new concept improves the film cooling efficiency
and reduce adequately the kidney vortices.

The present study aims to analyze the flow structures over a flat plate using the BDSR concept to improve the film
cooling performance. The presence of this configuration can definitely improve the film cooling performance by the
generation of an anti-counter rotating vortices (anti-CRV) that’s help in the distribution of coolant flow and cover the
whole surface. The geometry was modified by adding the concept of ramp in the form of a Barchan-dune-shaped (BDS)
upstream of the injection hole. Five blowing ratios are considered (0.25, 0.50, 0.85, 1.00, and 1.85) and one
length-to-diameter ratio 1.75. To carry out this work, several simulations were conducted using ANSYS CFX 14.0
software [21]. By using the solver package, we define a high precision of distribution, the solution of the Reynolds Av-
eraged Navier-Stokes equations (RANS) is obtained by using the finite volume method for the discretization of the con-
tinuity, momentum, and energy equations. Zhang and Hassan [22] compared the model RNG k-¢ [23, 24, 25] with
another model (Realizable k-¢ Standard wall, Standard wall, Standard k- €). The results obtained using this model are
more consistent with the experimental data for the prediction of film cooling effectiveness than those obtained by other
models. This model has been adopted in our work due to its ease of use for initial iterations, initial screening of alterna-
tive designs, and parametric studies. At the sam Drones are highly flexible, cost effective and have high space utilisa-
tion [1]. They are currently used in a wide range of fields such as precision mapping, logistics and transportation, disas-
ter relief and film and television filming, which has greatly expanded the use and technological development of drones.
However, even though UAVs have achieved extraordinary success, the true potential of UAV technology has yet to be
unlocked due to a number of bottlenecks as demand continues to grow [2-4]. For example, when performing area search
missions, UAVs suffer from low area coverage, incomplete search, untimely image return from the target domain, high
information volatility and energy constraints.

To address the above problems, we use the bull ploughing method which can achieve full coverage search of the tar-
get area and complete the set tasks more efficiently, while using remote custom protocol map transmission to transmit
the situation during the search process to the receiving end in real time and accurately. To this end, we consider that
when the search target area is too large, the excessive battery mass will increase the energy consumption of the UAV,
thus affecting the search efficiency of the UAV, so we the battery was designed to be lightweight.

The remainder of this paper is organised as follows: Section | describes the traversal search by oxen ploughing. Sec-
tion 2 designs the UAV remote custom protocol map transmission. Section three describes the lightweight design of the
battery. Finally, Section 4 concludes the whole paper and provides an outlook.

1 Bull ploughing traversal search

In order to achieve an all-round fast search of the target area while minimising the path repetition rate, the area is
traversed by the bull ploughing method. Before the search, the target area is divided into cells, which are divided into
non-overlapping grid blocks, and the search within the grid is realised by the bull ploughing method [5]. In other words,
the UAV traverses the cell area in a certain direction, forming a reciprocal movement to traverse the target area [6]. The
simulated bull ploughing traversal search is shown in Figure 1.
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Figure 1. Simulation of a traversal search by ox ploughing.
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Node N; represents a single scan pattern covering a grid cell. Each grid cell represents a separate set N;. The scan
pattern of a grid cell is shown in Figure 2.

Figure 2. Diagram of the grid cell scanning pattern.

An arc is the shortest path that connects the end of a scan pattern within a cell to the start of the next scan cell. Each
arc (Q,rj has a non-negative cost f;, whichis I, to I; the sum of the cost of d; the shortest path to and the cost

of d j executing the scan pattern N;.
¢; =d; +d, O
The cost matrix C;; is asymmetric because the start and end points of the UAV flight path do not overlap, so
The drone has the function of changing direction in place, and the flight time t between two waypoints is a function

of distance d , maximum speed V., and maximum acceleration a,, when there is no obstacle in the forward na-
vigation route.

Ad , for d<2d,
a

t= mex , Where t, :V"i, d, :lvmaxt
d - 2d amax 2
2t, + &, for d>2d,
Vmax (2)
t, is the time to accelerate to maximum speed, d, is the distance traveled during acceleration.

Of course, the ultimate goal of the traversal search problem is fast and complete coverage of the target region. For the
environmental coverage problem, the coverage performance can be quantified by achieving a certain level of coverage

probability. For this purpose, we define D to denote the random variable of coverage percentage, the P;(% is the
probability that the UAV will achieve the coverage percentage 77 at the moment of pause.

PZ ()0 P(D>7l 7)

a

©)
where P is a probability measure that captures the randomness in the environment as well as the motion of the UAV.
7 is the drone following strategy. The following problem is the optimal solution to the following problem.

m”in E{z| =}

st P(n 2« 4)
T for the moment when the UAV achieves the desired coverage performance and stops the action. « <(0,1) to con-

trol the balance between coverage and delay, this coverage problem is the optimal stopping problem.
The use of bull plowing method can search the target area with full coverage [7, 8], which improves the safety and
efficiency of the UAV and has practical application value.

2. Remote custom protocol map transfer

We use RPC to make remote calls to better connect the sender and receiver, and yes, remote calls are as convenient
as local calls [9]. The complete RPC architecture is shown in Figure 3.
In the remote call process, the existence of the standard protocol allows many systems to integrate seamlessly, and it
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also has ready-made codec packages that can be used directly to reduce development time. However, in many special
cases, the standard protocol takes into account more things and is not applicable in some special scenarios or in the
pursuit of system performance [10, 11]. Considering our team's UAV application scenarios, we set up a custom proto-
col.

The custom protocol can ensure the high efficiency, high speed and high reliability of data transmission. First, the
custom protocol frame format is organized within the application layer, and data packets are grouped in jumbo frames
for high efficiency data transmission; then data transmission is optimized through technical means such as data verifica-
tion, data retransmission and feedback confirmation to ensure its transmission reliability. This makes it easier to trans-
mit the real-time situation of the scene when the UAV is performing its mission to the receiving end.

In the process of uploading valid data to the application layer, custom protocols need to be designed for the data and
encapsulated at the application layer for final transmission and then unpackaged and analyzed by the other party. The
protocol encapsulation process is shown in Figure 4. Where TCP, UDP, ICMP, IP, IGMP, ARP, RARP are all protocol
names.

Based on the custom protocol, we choose EMS series low latency bi-directional map transmission system, and since
we are customizing the protocol, we can configure any number of transmitters and receivers.
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Figure 3. Complete RPC architecture diagram.
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Figure 4. Protocol encapsulation process diagram.

3. Battery lightweighting

In order to reduce the energy loss during the UAV's mission, but without affecting the UAV's performance, we have
designed the UAV's battery pack to be lightweight [12]. Battery packs are one of the key components of UAVS. They
have a significant impact on the final range of any UAV and can also affect the safety level of the UAV [13]. This
means that lightweight battery packs are designed to maintain a long range and a good level of safety.

The battery pack accounts for a large portion of the weight of the UAV, and the system, one of the key components
of the UAV, has a significant impact on important parameters such as range and safety [14]. There are two ways to re-
duce the battery mass of UAVSs. The first method is to increase the energy density of each individual battery. The
second method is to reduce the weight of the battery pack housing. Increasing the energy density of a battery is very
challenging due to the high energy density currently achieved and safety related issues. This means that it is necessary
to reduce the weight of the battery pack housing to significantly improve performance [15, 16]. The lightweighting de-
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sign process for a battery pack system is shown in Figure 5.
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Figure 5. Lightweight design process of battery pack system.

We combine the structural characteristics and functional properties of each component of the UAV battery pack, and
optimize the design of different structural components in the battery pack through topology optimization and material
replacement, so that the battery pack can be fully optimized while maintaining good overall static and dynamic perfor-
mance.

The battery pack reinforcement beam is an important structural element to support the battery cover and maintain the
overall rigidity and strength of the battery pack. When the battery cover and the lower cover are impacted by the battery
pack, the stress and deformation of the reinforcement beam mainly occur at the upper end of the beam, while there is
almost no deformation at the side end. At the same time, the geometric characteristics and processing of the reinforce-
ment beam are the simplest. In the lightweight design of the battery pack, the topology of the side ends of the rein-
forcement crossbeam can be optimized and the holes can be dug.

At the same time, we replaced the material of the battery pack with fiber composite material, which not only did not
affect the weight-bearing capacity of the battery box, but also made its mass reduced by about 25%. This is also a great
advantage to reduce the energy loss of the UAV.

Facing the problems of high cost of new materials and immature process, it is also necessary to continuously improve
the manufacturing process to reduce material cost and improve material utilization, so as to realize the lightweight de-
sign of power battery pack.

4. Summary and Outlook

In response to the bottlenecks encountered by UAVSs in performing their missions, this paper proposes three innova-
tive techniques. The cow plowing method is used to improve the coverage of the target area traversal search, the remote
custom protocol map transmission enhances the efficiency of UAV information return, and the lightweight design of the
battery mitigates the energy loss of UAVSs. All these techniques will contribute to the innovative development of UAVS.

Although the technique in this paper has achieved the expected goal, there are still some non-negligible details that
need further study. In this paper, the cow plowing method is used to traverse the search, but the exploration of one grid
cell ends to start the exploration of another grid cell, and the route of the UAV navigation still needs further optimiza-
tion.
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