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Determination of the optimal arrangement
engines along the wingspan
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same time, other factors must be taken into account: the distance of the
ge contributes to an increase in the longitudinal moment of inertia,
rol system and the mass-inertial appearance of the aircraft as a whole.
the separation of engines over a certain value in the event of a failure of

dimensions of the wing, landing gear and engine nacelles of the aircraft, it is
necessary to take into account the possibility of ensuring a roll approach.

It is necessary to determine the optimal, taking into account the limitations, the position
ashe engines along the wingspan, which would lead to a decrease in the weight of the wing
structure [1, 2].

Since the mass of the wing structure is proportional to the bending moment, the bending
moment My,,4. is accepted as a criterion for evaluating the optimal arrangement of the
engines z,,along the span. In this case, the position change relative to the wing will be carried
out for the extreme engine at a fixed distance between adjacent engines [3].
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2 Performing research

As a calculated flight case, we take A’ — curvilinear flight at small positive angles of attack
with the maximum velocity pressure of a vertical dive. In this case:

ny, = n;max =25 (D
qar = Qmax (2)

tributed
4].

Further, Figures 1-3 show the plots of the distributed aerodynamic load, the
load from the wing's own weight and fuel weight, as well as the distributed tgtal 10s
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Fig. 2. Plot of loads from own weight and fuel weight.
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Fig. 3. Plot of the distributed total load.

To carry out the study, the wing with the mainjfower airfra as simplified in Siemens
NX (Fig. 4 and 5).

el of the projected aircraft.

Fig. 5. The main power airframe of the wing.
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The engines were modeled as cylindrical bodies (Figure 6). At the same time, five
different models were created with different engine locations in terms of wingspan (Figure
7).

Fig. 6. Detachable wing panel with engines.

T-models, finite element models were created (Fig. 8-
eled as 2D bodies. The engines were modeled as 0D elements in
gine models, which were connected to the main structure via

Fig. 8. Finite-element (FEM) model of the wing.
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Fig. 9. Finite element 2D regular meshes on the main elements.

Fig. 10. Finite-element meshes.

Fig. 12. Finite-element meshes.
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Fig. 13. Finite-element meshes.

Next, a SIM model was created (Fig. 14). To apply loads, RBE2 el
rigidly connected to the upper and lower surfaces of the wing and
flow (Fig. 15). Aerodynamic load was applied to these RBE2
length, as well as loads from the mass of the wing stru;
Concentrated loads from the engines were applied in
Restrictions were imposed as a seal at the points of conne the center
section (Fig. 20) [6]

Fig. 14. SIM-mo the wing.

. 15. RBE2 elements for applying loads.
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Fig. 16. Aerodynamic load applied to the wing.

Fig. 17. The load from the mass of the structure applied to the wing.

ig. 19. centrated loads from the mass of engines.
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During the calculations, the bending moment values were take
which the maximum value for this calculation case was selected
bending moment in the nodes, depending on the design case, ar:
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Fig. 22. Deformations for the flight design case with an average arrangement of engines.
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Fig. 23. Deformations for the parking design case with an average arraj

Fig. 24. Deformations for

ig. 25. Deformations for parking case.
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Table 1. Bending moments in nodes.

Node 781991 | 782055 | 781806 | 781870 | 781742 | 781678 | 781747 | 781811
Case Zen, MM Myena, N -mm
flight 2405440 | 628125 | om0 | 2405440 | 2200130 [0 e L Cos
15550
parking Jsors | 1133810 | 1654490 | 1999730 | ot | 1334010 | 1468530
flight 2335610 | 693183 | o0 oL amsson0 |
17525
parking 106825 | 1107790 | 1664250 | 2032910 | .| 1313650
flight 2301410 | 733368 | 4500 | gomses | 2104970
19572
parking -120502 | 1091720 | 1667210 | 2047350 : 2062270
flight 2232310 | 803623 | 4451200 | 690 2041520 3868940 | 6959000
22250
parking -148143 | 1063610 | 1675650 112700 50 | 1481950 | 2093980
flight 2161370 | 875755 1406650 | 3855140 | 6877630
25000
parking -176520 | 1034760 8758 | 1262150 | 1487470 | 2126530
The maximum valug y s for each design case at different engine

positions are given i
Maximal bending moments in nodes.

Case Mpena, N - mm
flight 7157250
parking 2014680
flight 7074090
parking 2047940
flight 7038270
parking 2062270
flight 6959000
22250
parking 2093980
flight 6877630
25000
parking 2126530

The resulting dependencies are plotted on one graph (Fig 26).

10



E3S Web of Conferences 549, 07013 (2024) https://doi.org/10.1051/e3sconf/202454907013
TransSiberia 2024

8000000
Mbend, N¥*mm

7000000 oo

6000000

............
...........
.....

5000000
4000000
3000000
2000000 PP P PP A A A

1000000

0 10000 20000 30000,

——@— [10/1eTHbIN C/y4a

--------- Linear (MoneTHbI

plicit intersection, we use the given

zenmm

0.94

15000 17000 19000 21000 23000 25000 27000
ght Parking
e— 0N THLY CNyyai —CTOAHKA

Fig. 27. The given values of moments.

According to the graph, the optimal position is at a distance of zé‘;’l”e"d = 20973 mm.

11
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Consider the first limitation related to the influence of the position of the engines on the
longitudinal moment of inertia. The moment of inertia of the power plant relative to the
longitudinal axis of the aircraft can be written as

]xpp =Jx1 +Jx2 4)

where J,4,/,, are the moments of inertia of the internal and external engines relative to
the longitudinal axis of the aircraft.

Jaa=li+ "lenzl2 Q)
Je2 =J2 + "lenzz2 (6)
2
where J; =], = %men (D;;") are the intrinsic moments of inerti the internal

external engine.
Then the moment of inertia of the power plant can be written
D, 2
Jx pp = Men (%) + Men (2, — AZ)Z + 2 @)

Here is accepted:

Z1 =2, — Az

nertia of th
coordinate

According to this dependence, the moment
longitudinal axis OX of the aircraft depends on
27).

ower plant relative to the
the engine squared (Fig.

2.5E+13 2
Jx pp kg - mm

2E+13

1.5E+13

Zon, MM

0 5000 10000 15000 20000 25000 30000 35000 40000 45000

. 28. Dependence of the moment of inertia of the power plant on the coordinate of the engine.

Since the bending moment and the moment of inertia have different dimensions, it is
impossible to compare them directly [7]. But you can compare them qualitatively by using
the following criterion:

K = a;Myeng + ayJy pp’ 9

where a; = 3,5; a, =2 1077
Let's build this dependence using the already available values:
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Fig. 29. A complex criterion for assessing the impact on,

According to this dependence, the optimal po
2% = 19900 mm.

Now let's consider the limitation
possibility of maintaining stability and muing the flight.
mode has the form:

rudder.

5

my" =m en, (12)

vative mg, taking into account the influence of vertical empennage;
ative efficiency coefficient of the rudder, at subsonic speed n, = /S,;

— the proportion of the area occupied by the rudder.
mgve = AvecfveKve(l - gfe (13)

where K, is the coefficient of flow deceleration in the vertical empennage area, can be

taken K, ,~Kj,;

sfe is the derivative of the average height of the vertical empennage of the angle of the

lateral bevel of the flow.
Then substituting expressions into the balancing condition, we get

_ P -Zfall
Ao voKoe(1 = 0 VS0, im + L2 = 0 (14)

13
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Where from

B B\ ==
fail _ _AveczveKve(l_sve) Sr8r1imqS1
Zen = (15)

Prail

Partial derivative cf vecan be assumed with sufficient accuracy for practice to be equal to
cf ve & —Cyq ve- With approximate calculations, the value of sfe can be neglected. Then
fail _ _Ave(_cgave)Khe\/?rar 1im4Sl 1
Zen = Pe i ( 6)

fail

The second limitation is related to the angle of roll, which is acceptable
aircraft. For heavy aircraft, in the case when the angle of attack is equal t
the permissible roll angle may be 4 °. Then, when the transport aircraftd
will be 8° (Figure 30).

landing.

Geometric constructions have showr
engine can be:

3 Conclusion

During the lay i rity parameter, the position of the external motor z,,, =

19572 mm se of the study, the optimal position of the engine from
i ing moments was found, equal to z2?™® = 20973 mm, the error

pted positions is A= 6,680%. At the same time, the adopted
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