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Abstract

The rear body of transport aircraft models usually has the appearance characteristics of upwarp-
ing and shrinking, which is significantly different from the flow around traditional flat rear bodies.
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Currently, research on the flow around upwarping and shrinking rear bodies in China mainly fo-
cuses on optimizing drag reduction. There is little understanding of the flow characteristics, tail
chamber pressure distribution, and support interference of this type of rear body, which brings
significant difficulties to the design of wind tunnel test schemes and the analysis of model resis-
tance characteristics. This article adopts a combination of numerical simulation and experimental
testing to study the flow characteristics of an upwarped and contracted rear body model, analyze
the far-field interference effect of the support mechanism on the model’s tail cavity pressure, and
based on the numerical calculation results, analyze the influence of upwarping angle and contrac-
tion ratio on the flow characteristics of a transport aircraft’s rear body. A resistance correlation
analysis method based on the bottom pressure of the rear body is proposed.
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Figure 1. Experiment on the support of the rear body model
after contraction and upwarping [8]
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Figure 2. Flow visualization of T-128 wind tunnel rear body area [8]
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Figure 3. The relationship between the drag and the bottom pressure of the traditional
model’s rear body shape
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Figure 4. Calculation grid of upturned and contracted rear body
model. (a) Surface grid; (b) Symmetric grid
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Figure 5. Grid division of different rear body shapes and support mechanism positions. (a) Rear
body 1; (b) Rear body 2; (c) Rear body 3; (d) Support mechanism 1; (e) Support mechanism 2;
(f) Support mechanism 3
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Table 1. Numerical calculation of the flow around an upward contracted rear body
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Figure 6. Surface pressure and streamline of upwarped and
contracted rear body (y =0.21, = 8°)
6. bR gRR EAREEDFRLE (= 0.21, 5=8")

Figure 7. Cloud chart of Mach number on the surface of
upward warping and contraction type after body ( = 0.21,
B=8)
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Figure 8. Surface pressure and streamline diagram of upturned shrinkage type after body (with different
shrinkage ratios)
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Figure 9. Cloud map of Mach number on the surface of upward shrinkage type after body (with different
shrinkage ratios)
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Figure 10. The distribution curve of the surface pressure coefficient of the upward shrinkage type afterbody along the trans-
verse direction (with different shrinkage ratios) (a) Starting section; (b) 80% La cross-section
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Figure 11. Distribution curve of surface pressure coefficient
along the axial direction for upwarping shrinkage type after
body (with different shrinkage ratios)
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Figurel2. Longitudinal aerodynamic force coefficient (moment coefficient) of the entire aircraft (with different shrinkage ratios)

12. EMMESEHHEE) R B (REULLEEL)

223, ErAfxRESEREm

NG T JE A AR R R AR SRR I E R, [ S ARIRARLE = 0.21, BURJER BRI, tHRT p=6°~14°
B RBUG RS, (513 MIE 14 4518 T IR0 SifEor A 2 B, WA

a) BEJER ERAIE R, JRRRER TR S G N, BRI B WS, S BUS AR R S
JEWR, WMEAEE IR, oEXEHE LA AR, 2EL ER, s B,

b) B G ERARIER, SRR R ARSI Ok, R S AR

| [

cp: -0.15 -0.13 -0.11 -0.09 -0.07 -0.05 -0.03 -0.01 0.01 0.03 0.05

@) n=021,p=4

cp: -0.15 -0.13 -0.11 -0.09 -0.07 -0.05 -0.03 -0.01 0.01 0.03 0.05 cp: -0.15 -0.13 -0.11 -0.09 -0.07 -0.05 -0.03 -0.01 0.01 0.03 0.05

d)=021,5=6 (€) =021, =10

DOI: 10.12677/ijfd.2023.114011 123 PRS-


https://doi.org/10.12677/ijfd.2023.114011

L, KD

: -0.15 -0.13 -0.11 -0.09 -0.07 -0.05 -0.03 -0.01 0.01 0.03 0.05

cp: -0.15 -0.13 -0.11 -0.09 -0.07 -0.05 -0.03 -0.01 0.01 0.03 0.05

d) =021, p=12°

€ n=021,5=14

Figure 13. Surface pressure and streamline diagram of upturned and contracted rear body (dif-

ferent upturned angles)
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Figure 14. Cloud map of Mach number on the surface of upward warping and contraction type rear body
(different upward warping angles)
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Figure 15. The distribution curve of surface pressure coefficient along the transverse direction of the upward contraction

type after body (with different upward angles). (a) Starting section; (b) 80% La cross-section
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Figure 16. The distribution curve of surface pressure coefficient along
the axial direction for upward shrinkage type afterbody (with different
upward angles)
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Figure 17. Longitudinal aerodynamic force (moment) coefficient of the entire aircraft (with different upwarping angles)
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Figure 18. Surface pressure and streamline diagram of upturned and contracted rear body
(with different support positions)
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Figure 19. Relationship between total aircraft resistance and
bottom pressure
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Figure 20. Comparison of pressure distribution between calculation and experimental results
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