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Abstract

One of the factors that greatly affects the flight safety of airships is weather conditions and
in particular, discrete gust with a speed equivalent to the speed of the airship. This article
presented a method of numerical simulation of discrete gust according to flight safety
standards. The discrete gust is considered from the bottom up with velocity in two forms:
rectangular velocity distribution and variable velocity as a function of cosin. Research
shows that in order for the velocity distribution to be most similar to the flight safety
standards, it is recommended to choose a calculated area of size 25L x 10L x 2.5L. This
simulation method can be used to study other discrete gust according to flight safety
standards in the actual operation of airships.
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1. Introduction

When operating, the airship must fully meet the requirements of flight safety
standards, flight modes as well as possible situations must be carefully and accurately
considered and calculated in advance to ensure absolute safety during operation. To do
so, the airship must meet the flight safety standards presented in documents [1, 2].
In order to know if an airship meets those safety standards, manufactured airship must
be tested. This makes the process of designing and manufacturing airships lengthy and
costly. Currently, this problem can be solved by numerical simulation method. However,
in our country there are no published studies on this method. There is a lot of research on
discrete gust in the world. In the past, gust was studied experimentally [3, 4]. In recent
years, with the development of computational methods, gust has been simulated
numerically [5-8]. The effect of gust on airplanes has been studied extensively, but there
is less research on the effect of gust on airship. The authors continue a series of studies
on airships presented in [9, 10] by building a method to numerically simulate of discrete
gust acting on the airship. In this study, simulation of discrete gust is carried out to get
the closest to the flight safety standard in both 2D and 3D cases.
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The airship is assumed to be subjected to the loads resulting from encounters with
the following atmospheric gusts in level flight:

Discrete gust of U =7.62m/s while flying at speed V,, .
Discrete gust of U =10.67 m/s while flying at speed V.

Gust shapes and intensities are defined as follows: U = U7”‘(1—003 %)

where U is gust velocity, X is penetration distance, 0< X <2H, H is gust gradient
length %s H <244 (m), L is length of airship, V,, is maximum level flight speed at

sea level, V; is design speed for maximum gust intensity.

In this study, we will clarify two issues:

- Simulation discrete gust according to flight safety standards in case no airship
has passed.

- Select the optimal flight altitude of the airship in order to optimize computer
resources and for the velocity distribution to be most similar to the flight safety standards.

When simulation the discrete gust, we make the following assumptions to
simplify the problem:

- The discrete gust does not change the direction and magnitude of the velocity of
the airship which means that the motion of the airship is always a uniform linear motion;

- The flow of the discrete gust and the flow near the airship is turbulent.

The problem is solved numerically, using the program ANSYS 15 (lisence
number 00632255). We consider the discrete gust from the bottom up with velocity in
two forms: constant velocity (rectangular velocity distribution) and variable velocity as
a function of cos, where gust velocity U =10.67m/s. The velocity description function
is written in C** for the rectangular velocity distribution and is included in Ansys Fluent
as a UDF function.

2. The system of aerodynamic equations
To determine the parameters of the air flow, it is necessary to solve the system of
equations describing the movement of the air flow around the airship. The
equations include:
- Continuity equation:
ou;
a_xi =

1)
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- Motion equation:

0 dpuu. ap 20 dpul
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The component (—pui'u'j) in this equation is the Reynolds stress tensor and is
denoted by ;.

- Equation for scalar quantities (Commonly written for scalar quantities: kinetic
energy, velocities of dissipation, specific velocities of dissipation):
op - 0¢ ) o
—+puj—=A-B—|(u+C)— |+D 3
Po o ox {(” )ale )

j i

The symbols in equation are listed in Table 1.

Table 1. Scalar quantities

Scalar quantities ¢ A B C
Kinetic energy k 7 2_::_: S pkao :'l_:(
Velocities of dissipation € C, Ez’ij 2—::_1' ngp%z Zf—:

In this article, the SST k—@ model is used, which is a combination of two
models k —& and k —@. The values of the constants in the model are taken from [11].

- Equation of state:

p=pRT (4)

Here, we only consider when the airship is in steady motion, so the equations in
the system are independent of time.

The system of equations is a closed differential equation system and to solve this
system needs to be discretized to return to the system of algebraic equations. All these
steps were done with using Ansys Fluent.
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3. Calculation results
3.1. Simulation of discrete gust when no airship is passing

When simulating the discrete gust, we must ensure that the velocity distribution in
the discrete gust is as close to the velocity distribution according to the flight safety
standards as possible, and that the outside of the discrete gust is static atmosphere.
However, when simulation discrete gust in finite space, there are some notes: The
discrete gust will expand in space in the direction of the flow, the boundary conditions
affecting the extent of the discrete gust and the velocity outside the discrete gust in that
finite space. Therefore, for this problem, determining the size of the calculated area to
ensure the above requirements plays a very important role. In order to determine the size
of the calculated area and the necessary boundary conditions, we simulate the discrete
gust in 2D form. With the 2D problem, we simulate with two cases:

- The calculated area size is 10L x 5L

Fig. 1. 2D calculated area is 10L X 5L, rectangular velocity distribution.

This calculated area is divided into 11559 triangular grid cells. The cells are
smoothed where the discrete gust enters to simulate the discrete gust more accurately
(bold part in Fig. 1). The discrete gust section with width 2L is set with velocity inlet
boundary condition with V, =0 and V, =10.67m/s, the remaining edges are set with

velocity inlet condition with V, =0 and V, =0m/s (Fig. 2). Select such a grid to use the

dynamic grid method to calculate for future research. The grids will be rebuilt over
time, and the grid criteria will determine the size of the grid cells. The simulation results
obtained the pressure field and the velocity field (Fig. 3). We see that around the
discrete gust two vortices appear, which distort the velocity distribution in the spatial
region around the discrete gust. Inside the discrete gust, the velocity is not uniform.
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The discrete gust is deviated from the lower boundary of the calculated area and
changes the velocity profile at the discrete gust cross-section.

As a result, the cross-sectional velocity distribution at a position farther from the
discrete gust lower boundary is relatively different from the original rectangular velocity
distribution. One of the reasons for this is that the calculated area size is not large
enough. Another cause of vortices is the type of boundary conditions placed where V, ,

Vv, values are on the boundaries of the calculated area. Thus, in order to eliminate

unwanted vortices and have a velocity distribution close to the flight safety standards
inside and outside of discrete gust, we will increase the size of the calculated area and
change the boundary conditions accordingly. The calculated area will increase to the
size of 25L x 10L (this is the optimized size studied specifically in [12] to optimize
computational resources, calculation time and ensure reliable results), and the values
V., V, onthe boundary as well as the type of boundary condition are changed.

m/s
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Vi=00m/c Velocity inlet
W W=00m/t Vy=00m/C
Vy= 1067wt
Veloaity inlet |\
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y | r
X

Fig. 2. Boundary conditions. Fig. 3. Velocity field when calculated area is 10L x 5L.

- The calculated area size is 25L x 10L:

The 25L x 10L calculated area will have 14847 triangular grid cells (Fig. 4), and
the grid cells in the face where the discrete gust in will be smoothed and the number of
grids increased to ensure the calculation results. On the remaining boundary of the
calculated area, we will set outflow condition and at the lower and upper surface where

there is noise flow, set the velocity inlet condition, the rest of the upper surface V, =0

and V, =0.4m/s (Fig. 5). The velocity field is shown in Fig. 6. From this it can be
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observed that with this calculated area size and boundary condition, the discrete gust
keeps the velocity distribution close to the velocity distribution in the original cross
section (including even at sections that are quite far from the original one) and do not
form vortices in the surrounding space.

Fig. 4. 2D calculated area size is 25L=10L, rectangular velocity distribution.
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Fig. 5. Boundary conditions. Fig. 6. Velocity field when calculated area is 25L x 10L.

We obtained the velocity distribution along the trajectory of the airship (at a
distance h=2.5L) that most closely to the flight safety standard. Here are some results
obtained with Vy and Vy at different distances h: h=2.5L;5L;7.5L.

From V, ’s graphs in Fig. 7, it can be seen that the discrete gust retains its shape
very well even at locations far from the original cross-section. From Fig. 8 we see that the
velocity modulus |V,|<0.42m/s and its effect on the flow surrounds the airship flow is

small and can be ignored. At the distance h=2.5L, the longitudinal velocity value
outside the discrete gust is the smallest, so in the later calculations we choose h=2.5L.

In the flight safety standard, there is a case of velocity distribution according to
the cos function, the research results obtained with the discrete gust in this case are in
Fig. 9 and Fig. 10.
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For this case we see that the core of the discrete gust fades away from the first

cross-section, and that the discrete gust tends to widen at the upper edge of the
calculated area.
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Fig. 7. Vywhen b = 2L. Fig. 8. Vxwhen b = 2L.
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Fig. 9. Boundary conditions. Fig. 10. Velocity field when calculated area is 25L x 10L.

- 3D calculated area: The calculated area has a rectangular box shape (Fig. 11)
with the size of 25L x 10L x 5L, the number of calculated cells is 1.09 million cells and
is concentrated mostly in the discrete gust area to ensure the accuracy of the results. For
the 3D calculated area, the boundary conditions are similar to the 2D simulation case

(Fig. 12 and Fig. 13) to ensure the requirements of the problem, in addition, the V,
component in the part out of the discrete gust has zero value.

The following are some simulation results with V,, vV, and V, (Fig. 14 - 16) for

the case of rectangular velocity distribution, and for the case of cosine velocity
distribution, which are presented in detail in [3].
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Fig. 11. Calculated area 3D: 25L x 10L x 5L Fig. 12. Velocity field at the surface Oxy.
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Fig. 14. Velocity distribution Vy when the airship’s altitude h = 2.5L:
1 - Simulation results; 2 - According to flight safety standards.
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Fig. 15. Velocity distribution Vy at the airship's altitude h = 2.5L.
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Fig. 16. Velocity distribution V; when the airship's altitude h = 2.5L.

It is seen that for h=2.5L and such simulation we have velocity components
V,<0.3mls, V,<0.03m/s, the most influential change is V, but only accounts for

about 2.8% of V, ’s value, so the influence of components V, and V, can be ignored.

The airship can therefore be considered to be moving in the region outside the discrete
gust in still air conditions.
3.2. Select the flight altitude of the airship

This is an important issue when studying the interaction between the airship and
the discrete gust, it determines the accuracy of the results of future research. When
choosing the altitude of the airship, we must choose so that the trajectory of the airship
is parallel to the lower boundary of the calculated area and the velocity at the core of the
discrete gust must be distributed according to the flight safety standards while the
region velocity outside the discrete gust is zero or small enough to not affect the
calculation results. From the above results, we choose h=2.5L as the altitude of the
airship when studying the interaction between the airship and the discrete gust.
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4. Conclusion

The study presented a method to simulate discrete gust according to airship safety

standards in both 2D and 3D cases. The discrete gust is considered from the bottom up
with velocity in two forms: rectangular velocity distribution and variable velocity as a
function of cos;

In order for the velocity distribution to be most similar to the flight safety

standards, and to optimize computer resources, it is recommended to choose a
calculated area of size 25L x 10L x 2.5L.
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MO PHONG DONG NHIEU PONG KHONG KHI
THEO TIEU CHUAN AN TOAN BAY CUA KHI CAU

Ta Xuan Tung?, Vii Manh Hiéu?, Vit Biac Quyén?, Nguyén Nam Quy®

8Khoa Co khi, Truong Pai hoc Ky thudrt Lé Quy Pon

bKhoa Thiét bj ddc biét, Triong Pai hoc Ky thudt Lé Quy Pén

Tom tat: Mot trong nhitng yéu t anh huong I6n téi an toan bay cua khi cau 1a diéu kién

thoi tiét bat loi va cu thé 1a cac dong gi6 nhidu c6 van toc xap xi téc do chuyén dong cua khi

ciu. Bai bao nay trinh bay phuong phap moé phong s dong gié nhidu theo tiéu chuan an toan

bay. Dong gié nhidu duoc xem xét thoi tir dudi 18n & hai dang: phan bé dang hinh chit nhat va

phan b theo ham cosin. Nghién ctiu chi ra rang, dé phan bd van toc gidng veéi tiéu chuan an

toan bay nhat can chon ving tinh toén co kich thudc 25L x 10L x 2,5L. Phuong phap mé phong

nay c6 thé sir dung dé nghién ctru cac dong gi6 nhidu khac theo tiéu chudn an toan bay trong

thuc té khai thac va van hanh céc loai khi cau.

Tir khéa: Khi cau; dong gié nhiéu; phuwong phdp s6.
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